














CONDITIONS ASSOCIATED WITH HEMATOLOGIC CHANGE 


Blood Cdls (WBC) 


Non-Responsive 


Inflammation 


Granulomatous Disease 


Increased 

Iniecuon 


Immune-Mediated Disuses 


Renal Failure 
Chronic Disease 
Infectious Disease 

Inflammatory Disease 


Tissue Trauma 


Monocytic Leukemia 


Bacterial 


Stress 


Systemic Mycosis 


Tissue Necrosis 


Glucocorticoids 

Eosinophils 

Increased 


Inflammation 


Associated with Responsive 


immune-Mediated 


Anemia 


Endocrine Disease 


ic Anemia 

attic Anemia 


Aliergic Diseases 


Tissue Trauma 


Neoplasia 


Hypoadrenocorticism 


Flea Allergy 


Tissue Necrosis 


Stress 


Physiologic Leukocytosis 

Metabolic 

Stress 


Atopy 


Estradiol 

Cy c J open t y 1 propi cmaie 
Sertoli Cell Tumor 
idiopathic Aplastic Anemia 

Red Cell Aplasia 


Leukemia 


Decreased 


Asthma 
S inuiili* 
Rhinitis 


Associated with Responsive 
Anemia 

Hemolytic Anemia 
Hemorrhagic Anemia 

Leukemia 


Decreased Production 


Myckrphthiah 


Disease 


Parasitic Diseases 


Endopansitcs 

Aietirt»troi>gylosii 

Dirofilaiiasii 

HB M B- *SB BBi 

Gastrointestinal Parasites 


k Neoplasia 


Decreased 


Drugs 


Drug Induced 


Decreased Production 


ilea 


Che moiherapcutics 
Iron Deficiency 
Nutritiooal 


Infectious Diseases 


FhenobarbiLaJ Administration 


Aiathioprio 


Neoplastic Diseases 


Mast Cell Neoplasia 


Red Blood CeUs (RBC) 

Increased 

Dehydration 


Idiopathic Hypoplasia/Aplasia 


Solid Tumor* 


Infectious 

Kttrtrvims 


1 mmu ne-Mediated (Steroid- 




Hypoadrenocorticism 

Pregnancy 


Splenic Contraction 


Virus 


Hypersplenism 

Infectious 

Ehrlichia 

Parvovirus 

Rjttfovimses 


Feline Leukemia Virus 

Ehrlichia 


Decreased 
Responsive Anemias 
Blood Loss: Acute or Chronic 
Hemorrhage (Internal or 


Stress 


Hemoglobin (HR) 
Increased 


Glucocorticoid Therapy 

Basophils 


Virus 

Feline Leukemia Virus 


Trauma 


Splenic Contraction 


Aplastic Anemia 


Hemorrhage 


Mast Cel! Neoptasta 


Decreased 


K f 


Syndrome 
Increased Consumption 


Coagulopathies 

Congenital 

Acquired 

Ectoparasites 


Acute 


Platelets 

Increased 


Chronic 


Decreased Production 


Severe Sy stemic Infection 


Rebound Tirombocytatit 


Fleas 


Hematocrit 

increased 

Dehydration 


thermia Vera 


a 


Ticks 


Decreased 


Lymphocytes 

Increased 


Production 


Cocci dia 
Hematuria 

Hemolytic Anemias 
Microangiopathic 

Di mfi lari&sis 
Vascular Neoplasia 
Vasculitis 


Splenic Contraction 


Retro viruses 


Lymphocytic Leukemia 
Chrome Antigenic Stimulation 


Hemorrhage 

Acute 

Chronic 


Vires 


Feline Leukemia Virus 


Production 


Neutrophils 

Increased 

Increased Production 


Decreased 


Jmnuirtr-Mediated 


Intravascular 

Coagulation 


Sheas 

Drugs 


Thrombocytopenia 


Parasitic 

Babesia 


Chemotherapy Dregs 

Glucocorticoids 




Bacterial 

Systemic Mycosis 


Increased Consumption 
Hemorrhage 

Disseminated Intravascular 
Coagulation 


I nteciEous 


Feline Leukemia Vires 


B iBSiomyoosis 
Aspergillosis 
ProtoioaJ 

Hepatozoon 


Oxidant Injury 


Monocytes 

Increased 

Chronic Inflammation 


(Macrothromboc vies) 


Kale 

Phenochiazines 


J. ■ 


Chronic Infection 












URINALYSIS ABNORMALITES 


Volume 

Normally 25-30 mL/lh/day 


Turbid or Goudy 


Blood 

Normally Negative 
Positive 


Inflammation 


Increased Crystals 


and/or Polydipsia 


Iatrogenic 


Normally Absent 


Renal Failure 


Con Laminated Specimen 


(Young Healthy Animals) 


Diabetes Mel lints 


Dogs up to 1.070 


Non-Stenle Collection 
Apparatus 

Urinary Tract Infection 


Cals up to 1,090 


Ph 


Uver Failure 


I sosihcnuha (LOOK-1.012) 
Renal Failure * 


Normal Neutral To Slightly 


Occasional Cases of 


Epithelial Cells 


Renal Glycosuria 


Polydipsia 


Urinary Infection 


Normally 0-2/LFF 

increased 


Post-Obstruct! ve Diuresis 


Staphylococcus) 


Iatrogenic (Catheterization) 
Neoplasia 


Hypokalemia 


Diabetes Insipidus 


Dietary {Vegetable-Based 




Glucose 


Diuretics 


Negative is Typical 


Renal Tubular Acidosis 


Positive 


Mucus 

Normally Negative to 1+ 
Increased 

Voided Urine (Especially 


Anticonvulsants 


MelJitus 
Proximal Renal Tubular 


Diets 


Decreased 


Systemic Acidosis 


Idiopathic 

Fanconi's Syndrome 
Renal Tubular Toxins 
Aminoglycosides 


Anuria 


Protein 

Normally Negative to Trace 


Color 

Straw is Typical 
Colorless 


on 


Heavy Metals 


Normally None to Occasional 


increased 


Granular Cuts 


Bilirubin 


G lomerular Disease 


Increased (B ilirubinemia 
Generally Present with 

BiUrubinuria in 


WBC 

Normally 0-2/LPF 


Inflammation (Cellular Casta) 
Proteinuria (Waxy or Hyaline 


Hematuria 


Myoglobinemia 


Hemolytic Anemia 


Inflammation 
Urinary Tmet Infection 


Brown 


Pyuria with Hematuria 


(Absence of WBC* Does 


Normally Trace in 1+ (Presence 


Ketones 


Not Exclude UTt) 


Indicates Normal Enicrohepatic 


RJBC 


Negative 

Artifact Due to Instability 


Diabetes Me I til us 
Starvation (Rare) 


Normally 0-5/LFF 

In creased 


t-jJil 







ABNORMAL LABORATORY FINDINGS 

Robert M. Du fort 


Chemistry Abnormalities:. 
Analyte 


Malnutrition 

Dietary 

Endopara&ites 

Compensatory 

Chronic Effusions 
Hyperglob ulrnemias 
Multiple Myeloma 


Urea Cycle Enzyme Deficiency 
Low-Protein Did 
Malnutrition 
Neonates 


Anesthetics 
Narcotics 
Cns Disease 
Pulmonary Disease 

Gastric Vomiting 
Small Bowel Obstruction 
Excessive Intravenous 
Bicarbonate Administration 
Decreased 
Metabolic Acidosis 
Dehydration 
Renal Failure 
Respiratory Alkalosis 
Ranting 

Tachypnea 

Spurious 

Delay in Analysis 


Alanine Aminotraiisf 

(ALTorSOnt) 

Increased 

Hcpatocyte Damage 
Drugs 
Barbiturates 


Calcium 

Increased 


Primary Hyperparathyroidism 
Renal Secondary 

Hyperparathyroidism 


Alkaline Phosphatase (API 

Increased 

Cholestasis 
Intrahepatic 
Nodular Hyperplasia 
Feline Hepatic Lipidosis 
Cholangitis/CboUngiohepatitis 
Extiahepatic 
Cholangitis 

Cholecystitis 
Cholelithiasis 
Biliary Neoplasia 


Carprofen 

Cephalosporins 

Glucocorticoids 

Metronidazole 

Thiacelarsamide 

TnmethopiinVSulfa 

Endocrine Disease 
Diabetes Me Li lus 
H y perudrtnocortic i s m 
Hyperthyroidism 
Hypoxia 

Cardiopulmonary Disease 
Thromboembolic Disease 
Inflammation 
Chronic Active Hepatitis 
(Doberman Pinschers) 

Lympbocytic/Plasrnacytic 

Hepatitis {Cats) 

Enteritis 

Pancreatitis 

Peritonitis 

Infection 

Leptosparosis 

Feline Infectious Peritonitis 
Infectious Canine Hepatitis 
Metabolic 

Feline Hepatic Lipidosis 


Toxic 


Hypemtammosis D 
Over Supplementation 
Calciferol Roden iiride 
Jasmine Ingestion 
Doronex Ointment 
(Caicipotriene) 

Neoplasia 
Lymphosarcoma 
Multiple Myeloma 
Anal Sac Adenocarcinoma 
Carcinoma Bone Metastasis 
H emoconce titration 
Hyperdbuminemia 
H ypoadrenocorticiiim 

RenaJ Failure {Chronic) 

Osteolysis 

Osteomyelitis 
Osteoporosis 
Granulomatous Disease 

Acidosis 

Spurious. 

Hypcralbumi nemit 

Decreased 


Bile Adds 


Pancreatitis 
Drugs {Canine) 
Glucocorticoids 

Anticonvulsants 
Primadonc 
Phcnobarbi Lai 

Bone Isoenzyme 
Growth 
Osteosarcoma 
H yperparathyrotdism 

Primary 

Secondary 


Increased 

Decreased Li ver Function 
Cirrhosis 

Portosystemic Shunt 


Icterus 


Cholerectics 


Bilirubin, Direct 

increased 
Pre hepatic 

Hemolytic Anemia 
Cholestasis 

Imrahcp&tic 

Cirrhosis 

Nodular Hyperplasia 
Feline Hepatic Lipidosis 

Cholangitis/Qiolangiohepatitis 

Extrahepatic 
Cholangitis 
Cholecystitis 
Cholelithiasis 
Biliary Neoplasia 
Pancreatitis 
Ruptured Gallbladder 
Duodenal Perforation 
Spurious 
Hemolysis 
Lipemia 

Bilirubin, Indirect 

Increased 
Hemolytic Anemia 
Severe Hepatic Disease 


Rena] Disease {Increase In Urine) 


Endocrine 


Hypcradrenocorticism (Canine) 
Hyperthyroidism 

Enteritis 

Decreased 1 
Analytical Artifact 


Eclampsia 
Renal Secondary 

Hyperparathyroidism 

H ypoiil bumi nemia 

Hypomagnesemia 

Hypoparathyroidism 

Pancreatitis 

Rhabdomyolysis 

Dietary 


Storage Diseases 


Neoplastic 
Primary Neoplasms 

Hepatocellular Adenomas 
Biliary Carcinomas 
Hemangkr sarto mas. 
Hepatocellular Carcinomas 
Metastatic Neoplasms 

Assorted Carcinomas 
Assorted Sarcomas 


Ammonia 

Increased 
Hepatic Failure 
Cirrhosis 

Portosystemic Shunt 
Spurious 
Hemolysis 

Amylue 

Increased 

Pancreatic 

Inflammation 

Neoplasia 

Necrosis 

Pancreatic Duct Obstruction 
Enteritis 

Renal Disease (Decreased Filtration) 


Hypo vi ram in os is D 
Excess Dietary Phosphorus 
C’Cell Thyroid Tumors 
Malabsorption 
Hypercalc itoninism 
Iatrogenic 

Parathyroidectomy 


Toxic 

Chemical 

Copper 

Carbon Tetrachloride 
Petrochemicals 
Heavy Metals 
Arsenic 


Phosphate Enemas 


Intravenous Phosphate 
Administration 
Alkalosis 
Ethylene Glycol 
Spurious 

Edta Contamination 
Oxalate Contamination 


BON 


Lead 


increased 
Prerenal Azotemia 
High-Protein Diet 
Dehydration 

Heart Failure 
Shock 

G Hemorrhage 
Increased Catabolism 
Fever 


Mycotoxins 
Trauma 
Contusion 
Herniation 
Liver Lobe Torsion 
Hepatocyte Regeneration 
Hyperplastic Hepatic Nodule* 
Decreased 

Decreased Liver Mats 


Anion Gap 

Increased 
Hvperglobul mentis 
Metabolic Acidosis 
Lactic Acidosis 


Chloride 

Increased 
Dehydration 
Metabolic Acidosis 
B ronude Therapy 
Dec reared 1 
Gastric Vomiting 
Metabolic Alkalosis 

Cholesterol 

Increased 

Cholestasis 

Endocrine Disease 
Hypothyroidism 
Hypemdrenoconicoidism 
Diabetes Mellhus 
Post prandial 
Dietary 

Nephrotic Syndrome 
Primary Hyperlipidemia 

Idiopathic Hypercholesterolemia 
Primary 

Hy perehyl Ottiicronemia (Cats) 

Lipoproteinlipase Deficiency (Cali) 
Decreased 

Protein-Losing Enteropathy 
Portosystemic Shunt 
Mai assimilation 
Malabsorption 
Maldigestion 
Lymphangiectasia 

Starvation 


Cardiac Arrest 


Anoxia 

Dehydration 

Shock 

Diabetic Ketoacidosis 
Renal Fai lure 
Hyperchloremic Acidosis 
Gi Bicarbonate Loss 
Toxic 


Drugs 


Albumin 

Increased 

Dehydration (Increased Globulin and 

Total Protein) 

Spurious ■ 

Decreased 
Li ver Failure 
Atrophy 
Fibrosis 
Cirrhosis 

Portosystemic Shunt 

Renal Loss 
Amyloidosis 
Glomerul onephn tis 
Glomerulosclerosis 

Mai assimilation 
Malabsorption 
Maldigestion 

Protein Losing Enteropathy 
Exudative Skin Diseases 
Vasculitis 

Bums 

Abrasions 
Degloving Injuries 
Neonates 

External Blood Loss 


Tetracyclines 


Renal Failure 


PostrenaJ Azotemia 
Urethral 
Obstruction 
Plant Awn 
Urolith 


Salicylate 

Ethylene Glycol 
Decreased 
Hypoalbuminemia 


Tear 


Bladder 

Obstruction 

Urolith 

Neoplasia 
Polyp 
Blood Clot 
Rupture 
Decreased 
Diuresis 

Polydipsia 

Aggress] ve Fluid Therapy 

Hemodialysis 
Di abeies Insipidus 
Hyperadrenocorticism 

Drugs 

Glucocorticoids 
Liver Failure 

Cinfaosts 

Portosystemic Shunt 


Aspartate A mi notraiLrfera.se (AST or 
SCOT) 


flit reused 


Severe Hepatocyte Damage 
(Mitochondrial Enzyme) 
Severe Muscle Insult 
Erythrocyte Damage 

Decreased 

Cephalosporins (Canine) 


Bicarbonate 

Increased 

Metabolic Alkalosis 
Respiratory Acidosis 
Dregs 















abnormal laboratory findings 

Robert M Oufflrt 


Hypokalemic Periodic 

Pailyiit 
Burmese 
Pit Bull 
Renal Failure 
Chrome Polyuria 

Protein, Total 

Increased 

Dehydration l Albumin and Globulin 1 
Hyperglobuline mia 
Spurious 
Hemolysis 
Ltpemia 

Decreased 
Hemorrhage 
Externa] Plasma Loss 


Renal 


Polyclonal 

Chronic Tnnammfltory Disease 
Feline Infectious Peritonitis 
Denial Disease 
Dermatitis 

Inflammatory Bowel Disease 
Parasitic Diseases 

Immune- Mediated Diseases 

Neoplasia 

Decreased 

Neonatal 

I mmu node fie ienc y 

Congenital 

Acquired 
Blood Loss 

Prole in-Losi n g Enteropathy 


Uver Failure 
H ypoadrenocorticism 

Cholinesterase 

Decreased 

Drganophosphates 

Carbamates 

Cobaiamin (B l3 ) 

Decreased 

Bacterial Overgrowth 

Creatinine 

Increased 

Azotemia 

Prcrena! 

Renal 

Postrenal 

Decreased 

Decrease Muscle Mass 


Glomerular Disease 
Tubu! ar Disease 


Drugs 
Diuretics 
Amphotericin B 
Others 


Phosphorus 

Increased 

Reduced GFR 


, Renal 


Acute 

Chronic 


Pas trend 

Hemolysis 

Hyperthyroidism 

Neonates 

Intoxication 

Hypervi taminosis D 
Jasmine Ingestion 
Dietary Excess 
Iatrogenic 

Phosphate Enemas 
Intravenous Phosphate 
A dim nistratioo 


Glucose 

Increased 

Endocrine 

Acromegaly 
Diabetes Mellila* 
Hypcradrenocomcism 
Pancreatitis 
Stress (Cals) 

Drugs 


Ovcrti y dration 

Liver Failure 
Glomerular Loss 

Sodium 

Increased 

Hyperaldoslemnt 
GI Fluid Loss (Na T -Prior) 
Vomiting 
Diarrhea 

Diabetes Insipidus 
Renal Failure 

Dehydration 
Insensible Fluid Loss 
Fever 

Panting 
High Ambient 

T empcnlure 
Decreased Water Intake 
Limited Water Access 
Primary Adipsia 
Increased Salt Intake 
Intravenous 
Oral 
Spurious 

Serum Evaporation 

Decreased 
Hypoadrenocorticism 
Diabetes Mellitut 

GI Ruid Loss (Na* -Rich} 
Vomiting 
Diarrhea 
Hookworms 
Bums 

Chronic Effusions 

Excess Adh 

Diuretics 

Hypotonic Fluids 

Diet (Severe Sodium Restriction) 

Psychogenic Polydipsia 

Renal Failure (Polyuric) 

Spurious 

Hyperlipidemia 


Creatine Kinase (CK) 

Increased 

Muscle Inflammation 
Immune Mediated 
Eosinophilic Myositis 
Masticatory Muscle Myositis 
Endocarditis 

Infections 


Osteolysis 

Hypoparathyroidism 

Spurious 

Delayed Serum Separation 
Decreased 
Hyperparathyroidism 

Primary 

Nutritional Secondary 
Neoplasia 

PTH-Like Hormone 
C-Cell Thyroid Tumora 
Insulin Therapy 
Diabetic Ketoacidosis 
Dietary Deficiency 
Eclampsia 

Hypcradienocortic its rn 


Intravenous Glucose 

Administration 

Glucocorticoids 

Xylarine 

Progestagens (Ovaban and Others) 
Decreased 

Liver Failure 

Endocrine 

Hypoadrenocorticism 
H ypopituitarism 
Starvation 
Neoplasia 

Hyperi nsulsnism 
Iatrogenic 
Insulinoma 
Idiopathic 
Puppies 

Toy Breed Dogs 
Septicemia 

Polycythemia 

Leukemia 

Glycogen Storage Disease 
Artifact 


Toxoplasmosis 

Neospcrum Can in urn 


Nutritional 


Hypokalemia (Polymyopathy) 
Taurine Deficiency 


Trauma 

Exertional Myositis 
Surgical 

Intramuscular Injections 

Hypothermia 

Pyrexia 

Prolonged Recumbency 
Post-Infarct Ischemia 


Cardiomyopathy 
Disseminated Intravascular 
Coagulation 


Potassium 
Increased 
Renal Failure 

Distal RTA 
Oliguric/Anuric 

Postrenal 

Obstruction 
Ruptured Bladder 
Spurious 

Breed Idiosyncrasy (Akitas) 
Leukemias 


Fibrinogen 

Increased 

Inflammation 

Pregnancy 

Decreased 

Liver Failure 

Coagulopathies 

Primary Hypofibrinogencmia 


De layed Serum Separation 


Iron 


Increased 

Hemolysis 
Decreased 
Chronic Blood Loss 
Dietary Deficiency 


Folate 


Thrombocytosis 

Collection Ln Potassium 
Heparin 

Collection in Potassium EDTA 
Hypoadrenocorticism 

Acidosis 

Diabetic Ketoacidosis 
Diffuse Tissue Damage 
Massive Muscle Trauma 
Post-Ischemic Reperfusion 
Dehydration 

H ypoaldostsrooe 
Drugs 


Increased 

Bacterial Overgrowth 


Fructosamine 

Increased 

Diabetes Mcllitus 
Decreased 
Spurious 
Hypoproteinemia 
Anemia (False) 

Gamma G lutamyltransfi 

Increased 
Cholestasis 
Jntrahepatit 

Extrahepotic 
Dmgs (Canine) 

Glucocorticoids 

Anticonvulsants 
Frimodone 
Phe nobarbiial 

Decreased 
Spurious 

Hemolysis 

G lobiilin 

Increased 

Dehydration {Albumin and Total Protein) 
Inflammation 
G ammopalhy 

Monoclonal 

Plasma Cell Myeloma 

Ehrlichia 

Dirofil ariosi* 


Lactate Dehydrogenase (LDH) 

Increased 

Grgan/T'issue Damage 

Hemolysi s 
In Vivo 
In Vitro 
Hepatocyles 
Muscle 
Kidney 
Spurious 

Failure lo Separate Serum 
From Rbcs 


Thyroxine (TJ 

Increased 

Hyperthyroidiim 
Anti-T* Autoantibodies 
Decreased 


(GGT) 


Hypothyroidism 
Non thyroid Illness 
Drugs 


Propranolol 

Potassium-Sparing Diuretics 
Ace Inhibitors 

Decreased 

Alkalosis 

Dietary Deficiency (Feline) 
Potassium-Free Fluids 
Bicarbonate Administration 
Drugs 


Corticosteroids 

Phenobarbetal 


Lipase 


Increased 
Pancreatic Disease 


Triiodothyronine (Tj) 
Increased 

Hyperthyroidism 
Anti-Tj Autoanl ibod ies 

Decreased 

Hypothyroidism 


Pancreatitis 

Necrosis 
Neoplasia 
Enteritis 
Renal Disease 

Glucocorticoids 


Penicillins 
Amphotericin B 

Loop Diuretics 
GI Ruid Loss <K*-Rich) 
Hyperodrcnodorticisixi 
Hyperaldosteronc 

Insulin Therapy 
Renal 


Trypsinogeti-Like Ijiittiujvo reactivity 

(TLD 


Magnesium 

Decreased 


Increased 

Pancreatitis 

Postprandial 

Decreased 


Dietary 

Diabetic Kcucidosis 
Potential Causes: 

Gastrointestinal 
Malabsorption 
Chronic Diarrhea 


Pcstobstruetive Di uresis 
Rena! Tubular Acidosis 
Dialysis 


Pancreatic Exocrine 


Insufficiency 
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CHAPTER 


Pathophysiology of Heart Failure 


Helio Autran de Morals 
Denise Soretta Schwartz 


The hea rt, conseq uently, is the begin mng of life; th e sun of the 
microcosm , even as the sun in his turn might well be desig¬ 
nated the heart of the world; for it is the heart by whose ihrtue 
and pulse the blood is moved, perfected, and made nutrient, 
and is preserved from corruption and coagulation; it is the 
household ^iviniiy which , discharging its funotion, nourishes, 
cherishes, quickens the whole body\ and is i ndeed the fou nda tion 
of life, the source of all action . 


abnormalities that not only impair the heart's performance, but 
also accelerate deterioration of the myocardium and hasten 
myocardial cell death. 3 Circulatory failure is a decrease in cardiac 
output caused by abnormalities in one or more components of 
the circulation (i.e, heart, blood volume, oxyhemoglobin 
centration, vasculature). Heart failure therefore is one of the 
many causes of circulatory failure [Figure 197-1), 

The heart, like any pump, has only two ways to fail; It 
either cannot pump enough blood into the aorta 
mo nary artery to maintain arterial pressure (low-output heart 
failure), or it cannot adequately empty the venous reservoirs 
(congestive heart failure [CHF]). Heart failure therefore 
be recognized clinically by signs of low cardiac output (e.g., 
depression, lethargy, hypotension) or congestion (e.g., ascites, 
pleural effusion, pulmonary edema). Heart failure can also be 
classified, based on the side that is failing, as right, left, or 
bilateral heart failure. Right-sided heart failure is associated 
with signs of congestion i 

peri 
signs 


Con¬ 


or 


Wiliam Harvey (162S) 


can 


WHAT rs HEART FAILURE! 


Heart failure is a clinical syndrome in which impaired pumping 
decreases ventricular ejection and impedes venous return. 
During heart failure the heart cannot pump blood at 
adequate to maintain metabolizing tissue requirements, or it can 
do so only with elevated filling pressures, 1 However, this defini¬ 
tion is not complete because it does not mention that heart fail¬ 
ure is a progressive disease. 2 The hemodynamic abnormalities 
associated with heart failure are in many cases complicated by 
depressed myocardial contractility and relaxation, caused by bio¬ 
chemical and biophysical disorders in the myocardial cells.These 
cellular disorders, in turn, are partly the result of molecular 


in the systemic circulation (ascites, 
i whereas left-sided heart failure 
congestion in the pulmonary circulation (pulmonary 
edema, dyspnea). Bilateral heart failure presents a combina¬ 
tion of left- and right-side signs. In small animal practice, 
pleural effusion is usually associated with bilateral CHF, 


causes 


Both left- and right-sided heart failure can be associated with 


-output signs. 


Myocardial failure 


Volume overload 


Pressure overfoad 


Heart failure 


Arrhythmias 


Diastolic failure 


Figure 197-1 Causes of circulatory and heart 
failure. 


Circulatory 

failure 


11 Circulating 
volume 


Vasodilation 


11 Effective 
arterial volume 
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for volume in the estimation of preload is not accurate in all clin- 
ical situations (e.g., noncompliant or stiff ventricles). Afterioad is 
the force opposing ventricular ejection. This opposition is pre¬ 
sented by die vasculature to the ejecting ventricle and is best 
described by the aortic input impedance. 5 7 An increase in after- 
load communicates itself to the ventricles during systole by 
increasing wall stress. The end-systolic wall stress, therefore, can 
be used as an index of the afterload. 7 Contractility is a change in 
the heart's ability to do work when the preload, afterload, and 
heart rate are kept constant. 5 7 Stroke volume is also affected by 
ventricular filling during diastole, ventricular wall motion abnor¬ 
malities, space-occupying lesions, and arrhythmias. All determi¬ 
nants of cardiac output are intertwined. Therefore as physiologic 
compensatory and reflex mechanisms affect one component, the 
other components may also change (Box 197-1). 

In the estimation of blood pressure, the resistance factor is 
best represented by the arterial impedance, which is the aortic 
pressure divided by aortic flow at a given time. The properties 
of the arterial system can be described by the total arterial 
compliance, the peripheral resistance, and the characteristic 
impedance. 8 Total arterial compliance is the change in volume 
that results from a given change in pressure in the elastic 
arteries. Peripheral resistance is largely determined by small 
arteries and arterioles and represents the resistance to the 
steady (nonpulsatile) flow. Aortic characteristic impedance, the 
opposition to pulsatile flow, accounts for the elastic wall and 
blood mass properties in the proximal aorta. 8 Increases in 
peripheral resistance and characteristic impedance and 
decreases in compliance increase left ventricular afterload. 
With a decrease in compliance, the ventricle ejects into a stiff 
vasculature, increasing both the energetic cost to maintain 
blood flow and myocardial oxygen consumption (MVC^). 
With decreased compliance, ventricles expend more energy to 
distend less compliant elastic arteries, making less energy 
available for tissue perfusion. 910 Characteristic impedance, a 
property of the proximal aorta, increases whenever the stiff¬ 
ness of the aorta increases or its radius becomes smaller. 
Increases in peripheral resistance (caused by decreases in the 
cross-sectional area of the arterioles) increase the mean aortic 

and decrease the left ventricular stroke work and 


WHY DO HEARTS FAIL? 




Heart failure may result from inability by the heart to eject 
blood properly (systolic failure), from inadequate ventricular 
filling (diastolic failure), or both. The final result in all three 
cases is a reduction in stroke volume, leading to a decrease in 
cardiac output and a tendency toward decreased arterial pres¬ 
sure, Patients with severe heart failure have reduced or inade¬ 
quate cardiac output even at rest, whereas patients with mild 
heart failure or diastolic failure have an inadequate increase in 
cardiac output with perturbation (e.g., exercise or stress), 

Systolic Function and Dysfunction 

Systemic arterial blood pressure (ABP) is a result of the inter¬ 
play between the arterial system and the heart Any pressure 
can be estimated as the product of flow x resistance. In the 
cardiovascular system, cardiac output (CO), or the amount of 
blood pumped at a given time, is the flow, and the aortic input 
impedance (Z), the opposition that the vasculature offers to the 
ejection of blood by the heart, is the resistance factor: 

ABP « CO X Z 

Cardiac output (CO) is the product of the left ventricular 
stroke volume (SV) and the heart rate (HR): 

CO - $V x HR 

The higher the stroke volume, the higher the cardiac output. 
Increases in the heart rate increase cardiac output linearly until 
a plateau is reached, at which point further increases in the heart 
rate do not affect cardiac output. This latter effect occurs 
because there is less diastolic time for ventricular filling, and 
increases in the heart rate are balanced by decreases in the stroke 
volume. With further increases in the heart rate, cardiac output 
starts to fall. Stroke volume is primarily determined by an intrin¬ 
sic property of the myocardial cell, contractility, and two cou¬ 
pling factors, preload and afterload. Preload and afterload are 
considered coupling factors because they depend on vascular 
changes. Stroke volume increases with increases in preload and 
contractility and decreases in afterload. Preload is the force 
acting to stretch the ventricular fibers at the end of diastole and 
to determine the maximal resting length of the sarcomeres. 4 
ft reflects the degree of ventricular filling just before contraction. 
Clinically, preload is estimated as being the end-diastolic volume 
or, less precisely, the end-diastolic pressure. Substitution of pressure 




00 












pressure 

stroke volume. 11-13 Peripheral resistance has a greater effect on 
ventricular performance than does characteristic impedance 
or compliance. 9 However, it should be remembered that the 
left ventricle ejects blood into the proximal aorta and not into 
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Interrelation between Determinants of Cardiac Performance and Properties of the Heart 


* Preload and contractility Increases in the preload lead to increases In contractility as a result of optimum myocardial fiber 
length and greater interaction between actin and myosin, 

m Heart rate and preload Ventricular filling depends on the duration of the diastolic period. Decreases in the heart rate may 
increase preload by lengthening diastole* Excessive increases in the heart rate interfere with ventricular filling, decreasing 

preload. 

* Heart rate and contractility —* Excessive increases in the heart rate decrease the diastolic period, leading to a decrease 
in myocardial oxygen delivery, and might negatively affect contractility- Increases in the heart rate can also decrease 

contractility by decreasing preload, 

* Heart rate and myocardial relaxation (lusitropism) — > Decreased diastolic myocardial oxygen delivery during fast heart 
rates negatively affects relaxation, an energy-dependent process. Ventricular suction capacity is impaired, and ventricular 

compliance is decreased because of increased stiffness. 

* Heart rate and automatism Increases in the heart rate decrease oxygen offer to myocardial cells, changing membrane 
potential and favoring the development of arrhythmias. 

* Preload and afterload —* Excessive increases in preload increase wall tension. Increases in wall tension increase afterload, 
leading to increased myocardial oxygen consumption. 
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blood pressure is a function of car¬ 


diac output and arterial impedance. 
Contractility preload, and after- 
load determine the stroke volume, 
which, multiplied by the heart rate, 
yields the cardiac output. Changes 
in arterioles, elastic arteries, and the 
aorta aU influence the aortic input 
impedance (afterload]. Increases in 
afterload increase arterial blood 
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pressure bu t decrease cardiac output. 
(+), Increases in the parameter 
increase aortic input impedance, 
stroke volume, cardiac output, or 
arterial blood pressure; (—} f 
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aortic input impedance or stroke 
volume; (=), afterload and aortic 
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the arterioles. The principal factors involved in the determi¬ 
nation of arterial pressure are shown in Figure 197-2. 

Systolic failure is characterized by normal fillin g of the ventri¬ 
cle and a decrease in the forward stroke volume. The decrease 
in SV may stem from a decrease in contractility (myocardial 
failure) or from a primary increase in ventricular pressure 
(pressure overload) or volume (volume overload) (Box 197-2). 
Increases in volume are usually caused by a leaking valve or an 

abnormal communication between the systemic and pulmonary 
circulations. 

Myocardial Failure 

Myocardial failure may be primary (e.g., dilated 
apathy) or may occur secondary to chronic volume or pres¬ 
sure overload. In patients with myocardial failure, a decrease 
in contractility lowers the stroke volume, cardiac output, and 
arterial blood pressure. Myocardial failure depresses the 
hearts ability to compensate for the decrease i 

197 - 3 ]. 

Pressure Overload 

The most common reasons for pressure overload in small 
animal medicine are subaortic stenosis and systemic arterial 
hypertension on the left side of the heart and heartworm dis¬ 
and pulmonic stenosis on the right side. In # 
load states, the ventricles must overcome the 
resistance to eject blood. The first response 

increasing the sarcomere length to the point where _ 

between myofilaments is optimum (approximately 2.2 Jim) 
Dilatation increases ventricular contractility and pressure 
through a length-dependent activation of contractility, which 
helps overcome the increased resistance and maintain stroke 

volume. However, this adaptation increases ventricular wall 
stress and consequently MV0 2 . 

Left ventricular wall stress can be approximated as the 
product of intraventricular pressure times the left ventricular 
radius divided by twice the left ventricular wall thickness 
i Figure 197-4). During the initial dilatation, the ventricular 
radius increases and wall thickness decreases; both of these fac¬ 
tors increase ventricular wall stress. With a sustained 
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Dilated cardiomyopathy 
Infective myocarditis 
Doxorubicin toxicity 
Cardiomyopathy of overload 
Myocardial infarct 
Right ventricular cardiomyopathy 
Volume overload 
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Endocardiosis 

Endocarditis 
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Patent ductus arteriosus 
Ventricular septal defect 
Atrial septal defect 
Thyrotoxicosis 
Chronic anemia 

Peripheral arteriovenous fistula 

Pressure overload 
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Figure 197-3 Progression from myocardial 
failure to heart failure. 
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overload, the ventricular muscle adapts by undergoing 
concentric hypertrophy (Figure 197-5). In this type of hyper¬ 
trophy an increase in wall thickness occurs at the expense of 
a decrease in chamber size (decrease in ventricular radius), 
returning ventricular wall stress toward normal and increasing 
contractility. 

Myocardium that undergoes hypertrophy secondary to 
pressure overload is not normal. A close link exists between 
hypertrophy and systolic dysfunction. The hypertrophied 
ventricle is also prone to ischemia, which leads to fibrosis 
and an increase in collagen content. The early increase in col¬ 
lagen helps maintain systolic function, hut it interferes with 


diastolic function. With progression of the myocardial hyper¬ 
trophy perimuscular fibrosis impairs both systolic and dia¬ 
stolic function. 1 As secondary myocardial failure settles in, the 
ventricle again dilates. The sequence of events in heart failure 

secondary to pressure overload is shown in Figure 197-6, 
Volume Overload 

Volume overload may occur with valvular insufficiency 
abnormal communications (e.g,, patent ductus arteriosus, 
septal defects), and high-output states (e.g,, hyperthy¬ 
roidism). The initial event, an increase in chamber size, occurs 
as a result of the need to accommodate a large ventricular 
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Figure 197-4 Determinants of left ventricular 
wall stress. IV, Left ventricle. 
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Pressure overload 


Volume overload 


Normal 


Figure 197-5 Types of ventricular hyper* 

trophy. Increases in pressure lead to concentric 
hypertrophy (parallel addition of new sarcom- 
X whereas increases in volume lead to 
eccentric hypertrophy (in-line addition of new 

sarcom eres). 
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end-diastolic volume; this increases the sarcomere length to 
the optimal 2.2 Jim. Again, dilatation leads to an increase in 
wall stress, which in turn causes ventricular hypertrophy and 
normalizes wall stress. Volume overload is marked by 
eccentric hypertrophy with a mild increase in wall thickness 
and an increase in radius (see Figure 197-6], The degree of 
hypertrophy is not as severe as in pressure overload states 
because the primary event now is an increase in volume, 
which causes only a mild increase in ventricular pressure, The 
performance of each unit of myocardium in a chronically 
volume-overloaded heart is normal or near normal, allowing 
greater than normal stroke volume. The ventricle responds 
to a volume overload situation by increasing size and also 
by changing its geometry. Contrary to what happe 
pressure-overloaded myocardium, collagen formation is not a 
problem in the early stages of volume overload. In fact, a loss 
of myocardial collagen occurs in volume-overloaded hearts. 
The loss of collagen causes the ventricle to dilate and increases 
ventricular compliance. Left ventricular dilatation and increased 
compliance do not occur in volume-overloaded hearts when 


collagenase stimulation caused by mast cell degranulation i 

blocked, 14 


is 


With progression of the disease, ventricular end-diastolic 
pressure again rises above the normal range, increasing resting 
tension and compromising the endocardial perfusion 
pressure. 15 The increase in tension that occurs in this setting i: 
the result of slippage of fibers, with an excessive increase in cham¬ 
ber size. The mechanism for fiber slippage is poorly under¬ 
stood, but it is probably related to a disruption in normal 
collagen-myocyte interaction. If collagen fibers fail to support 
the myocytes, increases in intracavitary pressure may push the 
myocytes apart by means of fiber slippage. 16 Fiber slippage 
helps maintain stroke volume by an unknown mechanism, 
probably by improving diastolic function. The stretched colla¬ 
gen and the longer fiber length act in the diastole in the oppo¬ 
site way that hypertrophied myocardium does, thereby 
increasing diastolic compliance. Fiber slippage, on the other 
hand, sets the stage for progressive disease. The increase in 
chamber size increases wall stress and MVC^, changes the 
ventricular geometry, and may cause pressure hypertrophy 
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Figure 197-6 Progression from pressure 
load to heart failure. Pressure overload states 
increase wall stress, leading to concentric hyper¬ 
trophy Hypertrophy increases contractility and 
decreases wall stress. Unfortunately pressure 
hypertrophy leads to ischemia, fibrosis, and 
increased collagen formation. The end result is 
myocardial failure and diastolic dysfunction, 
leading to heart failure. (~) f Decreases wall 
stress; f+J, increases cardiac output- 
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and fibrosis. Stretch also stimulates the production of tumor 
necrosis factor alpha (TNF-alpha) in cardiac fibroblasts, 17 

increasing protein synthesis and stimulating hypertrophy 18 
With progression ol the disease, secondary myocardial failure 
may ensue, and the ventricle will undergo further dilatation. 
The sequence of events in heart failure secondary to volume 
overload is shown in Figure 197-7, 

Diastolic Function and Dysfunction 

Diastolic dysfunction results from impairment in ventricular 
filling. Diastolic heart failure exists when pulmonary venous 
congestion and resultant clinical signs occur in the presence of 
normal or near normal left ventricular (LV) systolic func- 

Approximately one third of human patients with heart 
failure have diastolic failure, another one third have systolic 
failure, and the remaining one third have impairment of both 
systolic and diastolic function. 15 Mechanisms that lead to dias¬ 
tolic heart failure 
may result from abnormal relaxation (early diastole), abnor¬ 
mal compliance (early to late diastole), or external constraint 
by the pericardium. If diastole is defined as starting at the time 
of aortic valve closure (there are other definitions), it can be 
divided into four phases: (1) isovolumic relaxation (aortic valve 
closure to mitral valve opening); (2) rapid early mitral inflow 
(or the rapid filling phase, during which most of ventricular fill¬ 
ing occurs); (3) diastasis (or the slow filling phase, during 
which little change occurs in ventricular volume and pressure); 


and (4) atrial contraction (atrial systole and its contribution to 
ventricular filling). The second through fourth phases of dias¬ 
tole represent ventricular filling. 

Relaxation is a dynamic, energy-dependent process that 
begins at the end of contraction and lasts throughout isovolu¬ 
mic relaxation and early ventricular filling. Beta-adrenergic 
stimulation improves relaxation, whereas ischemia, asyn¬ 
chrony of relaxation, an increase in afterload, ventricular 
hypertrophy, and abnormal calcium fluxes in the myocardial 
cells delay relaxation. Ventricular compliance is the ability of 
the heart to fill passively, and it is usually measured at the end 
of diastole, when the heart is relaxed. It is determined by 
volume, geometry, and the tissue ch aracteri sti cs of the 
tricular w T all. Compliance is an expression of the distensibility 
of a fluid-filled organ. The higher the compliance, the lower 
the pressure at a given volume. Ventricular compliance decreases 
with increases in filling pressures and intrinsic myocardial 
stiffness (e.g. f infiltrative diseases, fibrosis, ischemia) and with 
hypertrophy and cardiac tamponade. Lusitnopy, a measure of 
the global diastolic performance of the heart, comprises the 
relaxation and filling phases. 

Ventricular filling may be affected by several factors, 
including the atrioventricular pressure gradient, isovolumic 
relaxation rate, synchronized atrial kick and ventricular relax¬ 
ation, and compliance. The driving force for ventricular filling 
is the pressure gradient between the left atrium and ventricle 
when the mitral valve opens. This gradient is affected mostly 


listed in Box 197-3, Diastolic failure 
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Figure 197*7 Progression from volume 
overload to heart failure. Volume overload 
states decrease forward stroke volume, leading 
to systolic dysfunction and an increased end- 
diastolic volume. The increase in the end-di astoiic 
volume increases the stroke volume hut also the 
end-diastolic pressure, leading to eccentric 
hypertrophy. Eccentric hypertrophy leads to 

decrease in collagen content that helps diastolic 
function, but it also causes 

increasing wall stress and ultimately leading to 
myocardial failure. Patients with volume-over¬ 
loaded hearts usually develop congestive heart 
failure (CHF) secondary to a decrease in forward 
stroke volume, but in some patients CHF may 
occur secondary to myocardial failure. (+J r 
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by the intravascular volume and the degree of vasodilatation. 
The isovolumic relaxation rate is also an important determinant 
of early ventricular filling. Adrenergic stimulation increases the 
rate of relaxation, improving relaxation to a greater extent 
than it improves contractility. This makes evolutionary sense 
because during faster heart rates, diastole is shortened to 
greater extent than is systole. Tachycardia shortens the dura¬ 
tion of the diastasis. Incremental increases in the heart rate up 
to 180 beats/min in dogs progressively increase the rate of 
relaxation, improve left ventricular contractility, and decrease 
left ventricular end-diastolic pressure . 2 *- 22 These changes allow 
increases in early filling when higher heart rates are needed 
(e,g., during exercise}. Patients with ventricular hypertrophy 
that are ischemic, however, show a decrease in left ventricular 
distensibility with increases in the heart rate. 

Normal diastolic filling also depends on synchronized 
contraction between the left ventricle and left atrium. 19 Loss 
of atrial contraction is one reason why dogs with dilated 
cardiomyopathy or mitral endocardiosis develop heart failure 
w hen the atria start to fibril!ate. Asynchronous relaxation of 
the left ventricle may be observed in cats with 
dio myopathy A decrease in the uniformity of relaxation 
reduces ventricular filling and may contribute to development 
of heart failure in these patients. Left ventricular compliance 
also affects ventricular filling. Patients with left ventricular 
hypertrophy have decreased left ventricular compliance 
and poor diastolic function as a result of the increases in 
cardiomyocyte size, collagen formation, and wall thickness, 19 
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Mechanisms Leading to Diastolic Heart Failure 
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Figure 197-S Sequence of 

events leading to diastolic heart 
failure. Most mechanisms leading to 
diastolic failure decrease lusitropy 
by reducing compliance (thus 
increasing stiffness} or relaxation, or 
both. Mitral stenosis leads to dias¬ 
tolic heart failure through interfer¬ 
ence with left ventricular filling. 
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chronically activated (Figure 197-9). In an effort to maintain 
blood pressure, the cardiovascular system allows the venous 
pressure to increase and redistributes cardiac output, main¬ 
taining blood flow mostly to essential organs (Figure 197-10). 

Compensation cannot be viewed as an isolated response of 
the circulation. The heart and the myocardial cells undergo 
changes to adapt to ventricular dysfunction. A common char¬ 
acteristic of all compensatory responses is that the short-term 
effects are helpful, but the long-term effects are deleterious. 
In acute injuries to the heart, cardiac output decreases and 
acute heart failure may occur; this phase, known as transient 
breakdown , initiates activation of the compensatory mecha¬ 
nisms, 23 In small animals, heart failure is usually a chronic 
problem, and the transient breakdown phase merges with the 
following phase. As compensation occurs, cardiac output and 
clinical signs steadily improve, because the heart and circula¬ 
tion are performing extra work; this compensated phase is 
known as stable hyperfunotion. Chronic hyperfunction leads to 
progression of left ventricular dysfunction, myocardial cell death, 
the development of clinical signs, and death, the exhaustion 
a nd progressive cardiosclerosis phase. The chronic e ffects of the 
compensatory mechanisms that lead to progression of left 
ventricular dysfunction are shown in Figure 197-11. 

Neuroendocrine Activation 

Neuroendocrine activation in CHF is a result of the decrease 
in cardiac output and atrial hypertension. Neuroendocrine 
mechanisms include vasoconstrictive/sodium-retaining sys¬ 
tems and vasodilator/natriuretic systems (Box 197-4), All neu¬ 
roendocrine mechanisms are operating fully during severe 
CHF. The exact point at which each neuroendocrine mecha¬ 
nism ts activated is the subject of debate. In a tachycardia* 
induced heart failure model, increases in neurohormones were 
detected within 3 weeks of pacing at 180 beats/min during 
early myocardial dysfunction, when the animals were still 
asymptomatic. 24 Clinical data are still lacking in small animals 
with naturally occurring CHF. The underlying cause of the 
ventricular dysfunction appears to play a role in the determi¬ 
nation of when activation of a particular neuroendocrine 
mechanism starts. The net effect of neuroendocrine activation 
is vasoconstriction, sodium and water retention, and LV hyper¬ 
trophy, leading to ventricular and peripheral vessel remodeling. 


The pericardium may also restrict ventricular filling in constric¬ 
tive pericardial disease or cardiac tamponade. In these situations 
ventricular filling is abruptly halted in mid-diastole by the 
abnormal pericardium, which imposes its mechanical proper¬ 
ties on those of the ventricle during the final phases of diastole. 
The mechanisms that lead to the development of congestive 
heart failure during diastolic dysfunction are shown schemati¬ 
cally in Figure 197-8, 


HOW DOES THE BODY REACT 
TO HEART FAILURE? 


Many conditions and different heart diseases can progress into 
heart failure. Regardless of the cause, there is an initial fall in 
cardiac output that lowers arterial pressure. Clinical signs 
observed in heart failure are mainly the result of chronic acti¬ 
vation of compensatory mechanisms to restore and maintain 
blood oressure. The cardiovascular system is part of a biologic 
contro* system that works in co-operation with the central 
nervous, renal, and endocrine systems to keep cardiovascular 
variables at physiologic levels. Maintenance of arterial blood 
pressure and effective plasma volume are the main priorities 
of this integrated system. Changes are sensed by high-pressure 
baroreceptors in the aortic arch and carotid sinus, by 
mec ha no receptors in the ventricular myocardium, by volume 
receptors in the atria and great veins, and by the juxta¬ 
glomerular apparatus in the kidneys. During episodes of low 
blood pressure, a reactive neuroendocrine activation occurs to 
re-establish normal blood pressure. The immediate response is 
a decrease in parasympathetic drive and an increase in sym¬ 
pathetic drive, causing vasoconstriction (increasing arterial 
impedance) and tachycardia (increasing cardiac output). Vagal 
responses tend to be immediate and short-lived, whereas sym¬ 
pathetic responses are slower but last longer. A decrease in 
renal blood flow causes the release of renin and activation of 
the renin-angiotensin-aldosterone system (RAS), contributing 
to vasoconstriction and causing sodium and water retention, 
which increases the circulating volume. Compensatory mecha¬ 
nisms are acute responses that evolved to maintain an animal's 
life during and immediately after an episode of bleeding. 
During heart failure, however, compensatory mechanisms are 
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Figure 197-9 Compensation in 
congestive heart failure. Left 
tneular (L.V) dysfunction decreases 
cardiac output and arterial blood 
pressure. The decrease in renal 
blood flow and concomitant 
roendocrine activation set in 
motion compensatory mechanisms 
designed to restore blood pres¬ 
sure :sodium and water retention 
(dash-and-dot line)', vasoconstric¬ 
tion (dotted tine); and tachycardia 
(dashed line). ADH , Vasopressin; 
GFR t glomerular filtration rate 
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Local mechanisms 


Autonomic Nervous System 
CHF is accompanied by a generalized 

nerve 


the sympathetic nervous system. 27 However, the 
mechanisms responsible for the persistent sympatheti 
activity and blunted baroreflex control seen in CHF remain 
obscure and cannot be explained solely by chronic withdrawal 
of baroreflex inhibition. 28 Augmented peripheral chemosensitiv- 
ity also has been demonstrated in CHF, 25 A link between 
increased peripheral chemosensitivity and impaired 
nomic control, including baroreflex inhibition, has been 
demonstrated in human patients with CHF. 3 ** Overactivity 
of muscle metaboreceptors (ergoreceptors) may also con¬ 
tribute to the autonomic unbalance, 31 because ergoreflexes from 
the ailing skeletal muscle may further promote adrenergic and 

RAS activation, 32 

Despite the increase in the plasma concentration of 
norepinephrine, patients with CHF have depletion of nor¬ 
epinephrine from the atria and ventricles, which blunts the 


precise 
c over- 


increase in sympathetic 
activity and attenuation of parasympathetic tone. Dogs 
with naturally occurring CHF caused by dilated cardiomy¬ 
opathy and mitral regurgitation have increased nor¬ 
epinephrine concentrations, a finding that correlates positively 
with the clinical severity of the CHK 25 The increase in nor¬ 
epinephrine, however, does not correlate with the degree of 
myocardial dysfunction. 25 - 26 The norepinephrine concentra¬ 
tion correlates with cardiac death in human patients with 
CHF, Increased release of norepinephrine from adrenergic 
endings and its "spillover 1 into plasma, as well as decreased 
uptake by adrenergic nerve endings, are responsible for the 
observed increase in the norepinephrine concentration during 

CHF. The decrease in left ventricular function leads to relative 
hypotension, which stimulates the 
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Figure 197-10 Compensation 

and clinical signs of congestive 
heart failure. The compensatory 
mechanisms activated to restore 
arterial blood pressure during heart 
failure are ultimately responsible for 
the clinical signs of the disorder. 
Retention of sodium and water 
leads to the formation of edema 
and effusions, and an increased 
afterload decreases cardiac output. 
(+), Increases arterial pressure 
cardiac output; (-), decreases car¬ 
diac output; ADH t vasopressin; LV t 
left ventricle; LVH, left ventricular 
hypertrophy. 
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LV dysfunction 






Figure 197-11 Compensation 

process and progression of 1eft 
ventricular dysfunction. The com¬ 
pensatory mechanisms activated to 
restore arterial blood pressure 
during heart failure are ultimately 
responsible for progression of the 
disease. Increased afterload and 
increased cardiac activity increase 
myocardial oxygen consumption 

(MV0 2 ); left ventricular (LV) 
hypertrophy is associated with 
fibrosis, (+) t Causes further left 
ventricular dysfunction* 
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The increase in sympathetic activity is partly responsible 
for the vasoconstriction and sodium and water retention, 
whereas the decrease in norepinephrine stores and the 
changes in adrenoreceptors lead to a decrease in the contrac¬ 
tile response of the myocardial cells and in the chronotropic 
response of the sinoatrial node cells during exercise* Chronic 
adrenergic stimulation also leads to increases in afterload and 

MVO 

gression of left ventricular dysfunction (Figure 197-12]. 
Remodeling of the heart and peripheral vessels, also stimu¬ 
lated by chronic sympathetic activation, further favors pro¬ 
gression of left ventricular dysfunction. It is interesting to note 
that beta—adrenergic stimulation leads to vasodilatation and 
may be antiapoptotic and cardioprotective* 32 

Sara reflex control is altered during CHF, a circumstance 
that is partly responsible for the increased sympathetic activity 
and the blunted tachycardic response during exercise or 
hypotension. Abnormal baroreflexes also contribute to sodium 
and water retention. Normally, Increases in atrial pressure 
stimulate atrial stretch receptors, inhibiting the release of 
antidiuretic hormone ADH), decreasing sympathetic activity, 
and increasing renal blood flow and the glomerular filtration 
rate. During CHF atrial and arterial receptors show a 
decreased response to stimulation, and baroreceptor function 
is impaired. The mechanisms are not dear but appear to be 
related to increases in sodium-potassium adenosine triphos¬ 
phatase (Na + -K + ATPase) activity in the baroreceptors. The 
decrease in parasympathetic activity in CHF decreases the 
restraint of the sinoatrial SA) node. The net result is a higher 
heart rate for a given arterial pressure and a decrease in heart 
rate variability. Decreases in heart rate variability have been 
observed in dogs with naturally occurring 34 and experimentally 

induced 35 36 heart failure (Figure 197-13)* Impairment of the 
heart rate response to postural changes is an early finding in 
experimental heart failure progression in dogs, 37 which suggests 
that parasympathetic activity is reduced in the initial phases of 
heart failure (Figure 197-14). A decrease in parasympathetic 
tone in CHF carries a poor prognosis. 

Renin-Angiotensin-Aldosterone System 
Low cardiac output during CHF stimulates renin release 
through direct beta adrenoreceptor stimulation and a decrease 
in renal flow in the juxtaglomerular apparatus of the kidneys. 
Renin increases angiotension II concentration* An array of 
effects of angiotensin II initially brings the blood pressure 
toward the normal range, but perpetuation of its effects leads 


response to sympathetic activation. Increased levels of 
norepinephrine in the vicinity of beta adrenoreceptors leads 
to down regulation of these receptors. Down regulation of beta 
adrenoreceptors occurs in patients with severe cardiomyopa¬ 
thy and correlates with the severity of the heart disease. In 
normal hearts, the ratio of beta! to beta 2 receptors is approxi¬ 
mately 80;2G, whereas in failing hearts, it approaches 60:40. 33 
In patients with dilated cardiomyopathy, down regulation is 
consistently shown in beta 3 adrenoreceptors but not in beta 2 
adrenoreceptors, whereas in mitral disease and in ischemic 
cardiomyopathy, both subsets of beta adrenoreceptors are 
downregulated. The selective downregulation of beta] 

adrenoreceptors may 
adrenoreceptors are innervated and therefore are exposed to 
the increased norepinephrine released from the nerve endings, 
whereas myocardial beta 2 adrenoreceptors are not innervated. 
Postadrenoreceptor changes in the beta adrenoreceptor- 
adenylate cyclase complex can contribute to changes in adren¬ 
ergic responsiveness. 


well as to ventricular arrhythmias, and it favors pro¬ 
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Neuroendocrine Factors in Heart Failure 


Vasoconstrictive or sodium-retaining factors 
T Sympathetic nervous tone* 

T Renin-angiotensin II-Aldosterone 
T ADH (vasopressin) 

T Endothelin-1 
T Thromboxane 
T Neuropeptide Y 
T Tumor necrosis factor alpha 
Vasodilatotive or natriuretic factors 
T Atria I natri u ret i c fa ctor 

T Nitric oxide (basal, decreased release upon stimulation) 

T Prostaglandins (E 2 ,1 2 ) 

i Kallikrein 

T Dopamine 

i Calcitonin gene-related peptide 


* Beta-adrenergic stimulation causes vasodilatation and may be 
antiapoptotic and cardioprotective. 
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Figure 197-12 Beneficial and 

detrimental effects of sympathetic 
activation. Short-term sympathetic 
effects are beneficial, whereas 
chronic activation favors progression 
of left ventricular dysfunction. 
Dashed lines indicate long-term 
effects. (+), Causes further left 
tricular dysfunction; CO, cardiac 
output; ABP, arterial blood pres¬ 
sure; HR, 

NE, norepinephrine; Imp, arterial 
impedance; PL, preload. 
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to a vicious cycle that contributes to further declines i 
tricular function. Angiotensin II is a potent vasoconstrictor. 
Vasoconstriction increases arteriolar resistance, which helps to 
normalize blood pressure but also increases afterload.The higher 
afterJoad increases MVOz and negatively affects cardiac output. 
On the venous side, angiotensin-induced venoconstriction 
decreases venous capacity, increasing venous return to the heart 
and cardiac output. Angiotensin II also stimulates the release 
of ADH and aldosterone. ADH causes vasoconstriction and 
stimulates water resorption in the renal distal tubules, whereas 
aldosterone causes sodium and water retention and contributes 
to baroreceptor dysfunction. Aldosterone increases total body 


water and may contribute to increased tissue water content, 
increasing stiffness and decreasing compliance of the arterial 
system. 38 Aldosterone also increases potassium and 
sium excretion. Even in the absence of a low serum magne¬ 
sium level, aldosterone decreases the cytosolic magnesium 
concentration by decreasing alpha] anti proteinase activity, a 
marker of oxidative stress,Increases in plasma aldosterone 
associated with an inflammatory response with evidence of 
oxidative stress and may lead to intramural coronary artery 
remodeling and fibrosis. 3 9 Angiotensin II also enhances sym¬ 
pathetic activity, constricts the efferent renal artery, and stim¬ 
ulates thirst. 38 Thus activation of the RAS contributes 
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Figure 197-13 Heart rate 

1 minute in a dog before and after induction of 
progressive congestive heart failure. Heart rate 
variability is shown over time (x axis) as heart 
rate (y axis) fluctuation above and below the 
mean heart rate per minute (horizontal line). 
With progression of the disease, the heart rate 
increases and heart rate variability decreases. 
[From Schwatrz DS: Studies on baroreceptor 
function m dogs, doctoral dissertation, Columbus, 

Ohio, 2000, Ohio State University.) 
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Figure 197-14 Lack of heart rate 

response to postural change (active head- 
up tilt, HU) in a dog with rapid pacing- 
induced heart failure (New York Heart 
Association [NYHA] class II) (lower 
figure). Note that before induction of 
heart failure (baseline), a rapid increase 
in the heart rate and large heart rate vari¬ 
ability immediately after postural change 
are seen. (From Schwatrz DS; Studies on 

baroreceptor function in dogs t doctoral dis¬ 
sertation, Columbus, Ohio, 20GQ, Ohio 
State University.) 
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vasoconstriction with sodium and water retention during 
CHF. Sympathetic activation usually precedes RAS activa¬ 
tion, although some of the sympathetic activation during CHF 
is caused by the increased activity of the RAS. 

Angiotensin 0 stimulates growth factors, promoting remod¬ 
eling in the vessels and myocardium. It may also stimulate 
vessel remodeling by reducing nitric oxide synthesis or by 
increasing local angiotensin-converting enzyme (ACE) break¬ 
down of bradykinin. Vascular remodeling causes structural 
changes that further decrease the compliance of the arterial 
system. Angiotensin II stimulates smooth muscle cell growth, 
leading to cellular hyperplasia, hypertrophy, and apoptosis 
(programmed ceil death), 38 An increased level of angiotensin 11 is 
associated with superoxide formation (oxidative stress), endothe- 
lin secretion, plasminogen activation, TNF-alpha production 
(inflammation), fibroblast hypertrophy, and increased produc¬ 
tion of collagen. The final result is myocyte and vascular 
wall fibrosis. Angiotensin 11 plays a key role in the development 
of pathologic hypertrophy, exerting cytotoxic effects on the 
myocardium, causing myocyte necrosis, and contributing to 
myocardial loss. 40 Stimulation of angiotensin receptors (ATJ is 
responsible for altered gene expression and gene reprogram¬ 
ming of cardiac myocytes and fibroblasts, leading to increases 
in skeletal alpha actin, atrial natriuretic peptide, and beta myosin 
heavy chain, as well as increases in fibronectin, impairing dias¬ 
tolic and systolic function. 40 The beneficial and detrimental 
effects of angiotensin II during heart failure are presented in 

Figure 197-15. 


Activation of the RAS contributes to vasoconstriction, 
increasing afterload and MVO^ and causing the kidneys to 
retain sodium and water. Remodeling of the heart and periph¬ 
eral vessels is also stimulated by the RAAS, conditions that 
favor progression of left ventricular dysfunction. Angiotensin II 
induces cardiac myocyte necrosis associated with increased 
apoptosis and contributes to myocardial loss, perpetuating the 
progression of left ventricular dysfunction. 

Other Vasoconstrictive Agents 

ADH levels are increased in patients with heart failure as a result 
of nonosmotic release, impairment in baroreceptor-mediated 
inhibition of brain stem centers, and an increase in circulating 
angiotensin II. ADH synthesis is substantially and chronically 
elevated in patients with heart failure despite the volume over¬ 
load and reductions in plasma osmolality often observed in these 
patients. ADH levels may be increased even in patients with 
asymptomatic left ventricular dysfu notion. The rele ase of AD H 
leads to vasoconstriction and water resorption and favors the 
development of hyponatremia, ADH also appears to affect 
hemodynamics and cardiac remodeling adversely while potenti¬ 
ating the effects of norepinephrine and angiotensin II* Chronic 
ADH receptor blockade did not attenuate ventricular remodel¬ 
ing in at least one model of left ventricular dysfunction. 41 ADH, 
therefore, may not play a major role in the structural progression 
of h eart failure. 

Bndothelin is the most potent vasoconstrictor known for 
vascular smooth muscle cells. It is elevated in a canine pacing 
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Fig u re 197-15 Benefi d al (bold) 

and detrimental (italics) effects 
of angiotensin II during heart fail¬ 
ure. The short-term effects of 
angiotensin II are beneficial, whereas 
chronic activation favors the appear¬ 
ance of clinical signs and progres¬ 
sion of left ventricular dysfunction. 
Angiotensin II also participates in 
sympathetic activation. Dashed 
lines indicate long-term effects. 
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model of heart failure, and the increase correlates well with 
the right atrial or pulmonary capillary wedge pressure. 42 The 
increase in endothelin during heart failure is likely due to 
increased production and not decreased clearance. 43 It has 
been shown that cardiac overexpression of endothelin-1 (ET-1) 
is sufficient to increase inflammatory cytokines and 
inflammatory cardiomyopathy that leads to heart failure and 
death. 44 Activation of myocardial and plasma ET-1 precedes 
activation of myocardial and plasma RAS in a canine model of 
CHF, 45 but angiotensin II further increases the ET-1 
tration. Endothelin plays an important role in the mainte¬ 
nance of blood pressure and blood flow during CHF. 4fi 
Chronic blockage of endothelin receptors may prevent the 
progression of experimental heart failure in dogs, 47 and 
endothelin-converting enzyme prevented vascular remodeling 
during experimental heart failure. 46 Unfortunately clinical 
trials with chronic ET-receptor antagonism showed worsening 
of CHF symptoms. 

Vosodilatory Agents 

The natriuretic peptides are counter-regulatory hormones 
involved in volume homeostasis and cardiovascular remodeling. 
They consist of atrial natriuretic peptide [ANP], brain natriuretic 
peptide [BNP}, C-type natriuretic peptide CNF], dendroaspis natri¬ 
uretic peptides (DNP), and urodilatin. The natriuretic peptides 
promote natriuresis, diuresis, peripheral vasodilatation, and 
inhibition of the RAS. ANP and BNP are elevated in patients 
with left ventricular dysfunction; the serum levels correlate 
with the severity of heart failure and appear to have prognos¬ 
tic value, 49 ANP is stored in the right atrium and released by 
increases in atrial distending pressures. This peptide 
arterial dilatation, venodilatation, natri uresis, and water diure¬ 
sis, counteracting the effects of vasoconstrictory agents. It also 
inhibits renin and aldosterone secretion and reduces sympa¬ 
thetic vasoconstriction. 50 BNP is stored in the ventricular 
myocardium and also causes vasodilatation and natri uresis. 
Congestive heart failure is associated with an increase in ANP, 
and the changes are related to the fall in the ejection fraction 
and the increase in cardiac filling pressures. Despite the natri¬ 
uretic peptides' beneficial effects during CHF, their release is 
over-ridden by the release of agents that cause vasoconstriction 
and sodium and water retention. 


Nitric oxide (NO) is the major physiologic regulator of 
basal blood vessel tone. NO is produced by virtually all ceO 
types that make up the myocardium, and it regulates cardiac 
function through both vascular-dependent and vascular- 
independent effects. Vascular-dependent factors include regu¬ 
lation of coronary vessel tone, thr om bogeni city, and proliferati 
and inflammatory properties, and the cellular cross-talk that 
supports angiogenesis. Vascular-independent factors constitute 
the direct effects of NO on several aspects of cardiomyocyte 
contractility, from the fine regulation of excitation-con traction 
coupling to modulation of autonomic signaling and mito¬ 
chondrial respiration. 51 NO also plays a very important role in 
the maintenance of cardiac architecture and the prevention of 
pathologic hypertrophy. A dissociation of stimulated and basal 
release of NO appears to exist in patients with heart failure. 
The stimulated, endothelial-dependent dilatation exerted by 
acetylcholine in peripheral resistance vessels is blunted during 
heart failure, which suggests a reduced release of NO on stim¬ 
ulation. This defective mechanism may be involved in the 
impaired vasodilator capacity in the peripheral circulation 
(e.g., during exercise). 52 In contrast, basal release of NO from 
the endothelium of resistance vessels appears to be preserved 
and may even be enhanced; also, it may play an important 
compensatory role in CHF during resting conditions by antag¬ 
onizing neuroendocrine vasoconstrictive forces. 52 

Peripheral Compensation 

Peripheral compensation occurs outside the heart and is 
directed at normalization of the arterial blood pressure. The 
main mechanisms involved in peripheral compensation 
vasoconstriction in addition to sodium and water retention 

(see Table 197-1). 

Blood Vessels and Vasoconstriction 

The mechanism responsible for the increased tone of the 
vascular smooth muscle in CHF is multifactorial but basically 
results from neuroendocrine activation and the interplay of 
local mechanisms. Decreased blood flow to muscles 
overactivity of muscle m eta bore ceptors (afferents sensitive to 
skeletal muscle work) and peripheral chemoreceptors, which 
contributes to the autonomic imbalance. An increase in effer¬ 
ent sympathetic neuron discharge causes vasoconstriction. 
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Table 197-1 




Peripheral Compensatory Mechanisms in Heart Failure 


RESPONSE 


MECHANISM 


POTENTIAL BENEFIT POTENTIAL HARM MANIFESTATIONS CORRELATES 






Sympathetic 

activation 


Decrease in arterial 

pressure; RAS 

activation 


Inotropic support, 
tachycardia, 

RAS activation, 
vasoconstriction, 
venoconst fiction 


Increased MVO 
and afterload, 
sympathetic 

desensitization, 
excessive preload 


Tachycardia, 

arrhythmias, 
pale mucous 
membranes 


Norepinephrine 
concentration 
correlates with 
m orta I ity. 

Beta - a d re no receptor 
blockade may 

improve survival 

time. 

Modulation of 
excessive arterial 
tone with vasodila¬ 
tors is beneficial 
during heart failure. 


7 










Sympathetic and 
RAS activation, 
increase in ADH, 
local blood vessel 
mechanisms 


Maintenance of 
arterial pressure 
and perfusion of 
"essential" organs 


Increased MVO 
and afterload, 
stimulation of 
LVH, decreased 
cardiac output, 
re d I re ct i o n of 
blood flow 

Increased MVO 
and aftertoad, 
stimulation 
of LVH and 
blood vessel 

remodeling, 

decreased cardiac 
output and 

tissue perfusion* 
potentiation 
of mitral 
regurgitation 
Congestion; 

excessive preload, 
which increases 
wall stress; 

hypokalemia 

(aldosterone) 


Pale mucous 
m em b ra n es 


Vasoconstriction 


2 


Activation of 
renin- 

angiotensin 

system 


Sympathetic 

activation* 
dec rea se d 
renal perfusion 


Vasoconstriction* 
stimulation of 
thirst, release 
of ADH and 

aldosterone* 

increased 

sympathetic 

tone 


Pale mucous 
membranes 


A ng toten s i n -converti ng 
enzyme (ACE) 
blockade increases 
survival time in 
patients with 
heart failure 


2 


Sodium 
and water 
retention 


Poor renal perfusion, 
increases in thirst* 

ADH, and 
aldosterone 


Increased preload* 

improved 

LV function 


Edema and 
cavitary 

effusions, 
arrhythmias 
(hypokalemia) Aldosterone 

inhibition 

reduces risk of 

hypokalemia. 
Aldosterone 
receptor 

blockade may 
improve survival 
time, 

Venodilators and 
nitrates can be 
used in the 

treatment of 
heart failure. 


Use of diuretics in 


sodium and 
water retention. 


Venoconstriction Sympathetic 

activation 


Increased preload 
and ventricular 
function 


Congestion; 

excessive preload, 
which increases 
wall stress 


Edema and 
cavitary 
effusions* 

venous 

distention 


ADH * Antidiuretic hormone (vasopressin); CHF, congestive heart failure; LV f left ventricle; LVH, left ventricular hypertrophy; 
MVO h myocardial oxygen consumption; RAS, renin-angiotensin system. 


Dogs with pacedrinduced CHF show an increase in aortic 
stiffness (characteristic impedance) and a decrease in the com¬ 
pliance of large arteries before vasoconstriction of the small 
arterioles (increase in peripheral resistance). 53 Sympathetic acti¬ 
vation occurs even in patients with asymptomatic left ventricu¬ 
lar dysfunction. Further increases in plasma norepinephrine 


appear to occur in these patients when signs of heart failure 
develop. The RAS is activated by the decrease in cardiac 
output, further increasing vascular tone as a direct effect of 
angiotensin II and indirectly through the facilitate ve effect of 
angiotensin If in the alp ha-adrenergic neurons. Unlike the 
sympathetic system* the RAS normalizes as compensation 
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returns cardiac output to normal. Whether dogs with asymp¬ 
tomatic mitral regurgitation or left ventricular dysfunction 
show activation of the RAS is still the subject of debate, 54 - 57 
ADH may be increased even in patients with asymptomatic 
left ventricular dysfunction, and this contributes to the 

increase in peripheral vascular resistance in patients with 
heart failure. 

Local vasoregulatory mechanisms are very important in the 
modulation of vascular tone during heart failure. In norma] 
dogs, shear stress caused by pulsatile flow prompts the release 
of NO and prostacyclin and inhibits ET-1, leading to vasodi¬ 
latation. During CHF, decreased shear stress secondary to 
decreased peripheral blood flow and neuroendocrine activa¬ 
tion reduces the release of NO and increases ET-1, leading to 
vasoconstriction. 58 Endothelin is a potent vasoconstrictor that 
is overexpressed during CHE 

Vasoconstriction is primarily mediated by increased 
sympathetic tone, RAS activation, and an increased ET-1 con¬ 
centration. 46 * 59 ADH becomes an important vasoconstrictive 
agent only in hyponatremic patients .^ These mechanisms also 
lead to venoconstric tion, which increases venous pressure and 
venous return to the heart. Vasoconstriction helps maintain 

arterial pressure, but the increase in afterload reduces the 
stroke volume. Failing ventricles are afterload dependent, 
and the stroke volume falls with any increase in afterload 
: Figure 197-16). When cardiac output is low, the cardiovas¬ 
cular system redistributes the cardiac output, reducing blood 
perfusion to "less essential 11 organs. Increases in afterload also 
increase MVG 2 by increasing wall stress. In patients with 
severe mitral regurgitation, the increase in opposition to ven¬ 
tricular ejection increases regurgitation; in patients with a left- 
to-right shunt, it increases the shunting fraction. 


is observed in a high percentage of heart failure patients but 
not in normal subjects. The presence of collagen, indicative of 
fibrosis, is also detected in some heart failure patients and is 

pronounced in those with cachexia. 61 Atrophy; changes in 
muscle fiber type and the mitochondrial ultrastructure; and a 
decrease in oxidative enzymatic capacity, leading to 
increased reliance on anaerobic metabolism and lactate 
production, all have been demonstrated in patients with CHE 
An increase in lactate during exercise stimulates peripheral 
metaboreceptors (or serves as a marker for the presence of 
other stimulants). Patients with CHF, therefore, have a higher 
metaboreceptor stimulation for a given degree of exercise 
than normal subjects. 28 60 Metaboreceptor stimulation 
increases sympathetic outflow, which adds to vasoconstriction 
and reduces blood flow to exercising muscles, because alpha 

adrenergic-mediated vasoconstriction is not impaired during 
CHE In patients with mild heart failure, 
tion correlates well with central hemodynamic factors [e.g 
cardiac output), whereas in advanced heart failure, peripheral 
hemodynamic factors become more important (e,g. # local 
blood flow, vascular resistance, and venous tone) 


more 


an 


exercise limita- 


Kidneys and Sodium and Water Retention 
Several mechanisms are responsible for sodium and w*ater 

retention in CHF Competing vasodilator/natriuretic and 
vasoconstrictive/sodium-retaining mechanisms operate. 

A decrease in cardiac output decreases renal blood flow and 
increases sympathetic drive, which causes renal vasoconstric¬ 
tion and further decreases in renal blood flow. Renin is 
released through activation of the juxtaglomerular apparatus 
by beta-adrenoreceptor stimulation and decreases in renal 
blood flow. The end result of renin release is an increase in 
angiotensin H and aldosterone. Angiotensin II stimulates thirst 
and release of ADH, leading to water retention. Aldosterone 
causes sodium and water retention and potassium wasting 
by the kidneys. Decreases in renal perfusion are countered 
by the release of prostaglandin E, which dilates the afferent 
renal arteriole and constricts the efferent renal arteriole, 
a response mediated by angiotensin 11. These alterations 
combine to increase the glomerular filtration pressure and the 
filtration fraction (the ratio of glomerular filtration to renal 
plasma flow) and to maintain the glomerular filtration rate 
despite the reduction in renal blood flow. Sodium and water 
retention increases the circulating volume and preload, help¬ 
ing to maintain cardiac filling pressures and increasing cardiac 
output. Retention of sodium and water, however, leads to 
excessive increase in the venous filling pressure, resulting in 
the development of edema and cavitary effusions. It also 
increases afterload and favors progression of left ventricular 

dysfunction. 


Skeletal Muscles 

Left ventricular dysfunction leads to a decrease in blood flow 
to the periphery, causing vasomotor changes and muscle alter¬ 
ations. Mechanisms unrelated to the decrease in blood flow 
(e.g., decrease in activity, increase in catabolic factors, insulin 
resistance) also may play a role in muscle changes during CHF. 
Patients with CHF have substantial skeletal muscle atrophy 
and the degree of atrophy correlates with muscle strength and 
peak oxygen consumption. 60 Skeletal muscles are morpholog¬ 
ically and metabolically abnormal in CHE Muscle apoptosis 


an 


Central Compensation {the Heart) 

The heart participates actively in the compensation for the 
decrease in cardiac output. Sympathetic activation leads to 
an increase in the heart rate, inotropy, and lusitropy, all of 
which increase cardiac output. In addition, hypertrophy helps 
normalize cardiac output by increasing the stroke volume. 
Compensatory mechanisms that act on the heart are shown in 

Table 197-2. 

Tachycardia 

During heart failure, sympathetic tone increases (increasing 
the heart rate) and parasympathetic tone decreases, a combi¬ 
nation that leads to tachycardia. It is usually believed that 

rates above 160 beats/min imply not only parasympa¬ 
thetic withdrawal but also sympathetic activation. The end 
result is an increase in the heart rate and a decrease in heart 
rate variability. The increase in the heart rate helps normalize 
arterial pressure, but at a high price: an increase in MVO ? . 
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Afterload 

Figure 197-16 Effects of increasing afterload in left ventricular 

stroke volume in normal animals and in patients with congestive 
heart failure. 
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Table 197-2 






Central (Cardiac Compensatory Mechanisms in Heart Failure 


POTENTIAL 

BENEFIT 


POTENTIAL 

HARM 




RESPONSE 


MECHANISM 


MANIFESTATIONS CORRE LATES 






Sympathetic 

desensitization 


Downregu lotion 
of beta 

adrenoreceptors* 

uncoupling of beta 2 

adrenoreceptors* 

depletion of 
myocardial 
norepinephrine 
Sympathetic 
activation* 

parasympathetic 

withdrawal 


Energy 

sparing 


Decreased 

contractility 


Low-output 
signs (e.g„ 
depression, 
lethargy* 
hypotension) 




Bet a -a d renorece pto r 
blockade may 
reverse sympathetic 
desensitization. 


i 






Tachycardia 


Increased 

cardiac 

output 


Increased 
MVO 


Tachycardia* 
decreased 
heart rate 
variability 


Decrease in heart 
rate variability 
correlates with 
mortality. 

Increase in heart rate 
correlates with 
sympathetic 
activation and 
severity ofCHF. 


2 


Increased 

rnotropy 

Increased 

relaxation 


Sympathetic 

activation 

Sympathetic 

activation 


Increased 

stro ke volume 
Improved 
diastolic 
function 

(lusitropy) 

Decreased cost 
to achieve 
normal tension, 
energy sparing* 

increased 
atrial kick 
Facilitation of 
high-pressure, 
Sow-speed 

work: energy 
sparing 
Unloading of 
individual 
muscle fibers* 
decreased 
wall stress 
and MVO 


Increased 

MVO 
Increased 
MVO 


2 


2 


A p p ea ra n ce 
of s low 
myosin in 
the atria 


Changes in isogene 
expression 


Atr ia I fa i I u re 


Changes do not occur 
in the ventricles of 
dogs and cats. 


Reduced 
myocardial 
AT Pa se 

activity 


Unknown 

(altered 

isoenzymes?) 


Slowed 
contraction 
ra te* 

decreased 

contractility 

Imbalance in 

energy 
demand 
and supply* 
focal necrosis* 
fibrosis* 
increased 

collagen 
formation* 
diastolic 
dysfunction 
Increased wall 
stress and 

MV0 2 ; 

pressure 

hypertrophy 


Low-output 

signs 


Myocardial 
ATPase activity 
is increased in 
high-output CHF 
(e.g.* thyrotoxicosis). 
Pressure overload 
induces cardiomy¬ 
opathy of overload. 
Growth-inhibitory 
drugs (e.g„ ACE 
inhibitors* nitrates) 
may delay 
development of 
cardiomyopathy 
of overload. 


Pressu re 
overload 
(concentric 
h y pert rop hy) 


I nc rea s ed afterl oa d * 
ft AS activation* 
increased levels of 
TNF-alpha and 
other cytokines 


Cardiomegaly* 

increased 

diastolic 
dysfunction 
and venous 

congestion 


2 


Volume overload 
(eccentric 
hypertrophy) 


Fiber slippage, 
increased tension 


Increased 

compliance^); 
increased 
stroke volume 
with same 
ej ect i o n fract i on 
(dilatation) 


Cardiomegaly 


Increased wall stress 
leads to pressure 

hypertrophy* 


ACE f Angiotensin-con verting enzyme; ATPase, adenosine triphosphatase; CHF, congestive heart failure; MVG 2t myocardial oxygen 
consumption; TNF-alpha, tumor necrosis factor alpha. 
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Figure 197-17 Mechanisms that 

lead to myocardial hypertrophy and 
remodeling. Increases in the load 
and activation of proto-oncogenes 
and growth-regulating genes lead to 
hypertrophy (myocyte growth) and 
remodeling. Short-term sympathetic 
effects are beneficial, but chronic 
activation favors progression of left 
ventricular dysfunction. Hypertrophy 
is beneficial because it decreases left 
ventricular wall stress and increases 
cardiac output. Unfortunately, chronic 
myocardial hypertrophy and remod¬ 
eling are associated with myocardial 
cell death. Dashed lines indicate 
lo ng-term effects, TNF-alpha ; Tumor 
necrosis factor alpha; IGF-1, insulin- 
like growth factor-1; PGE 2 , 
prostaglandin E 2 ; TGF-beta h trans¬ 
forming growth factor beta^; ET-1 , 
endothehn-l. 
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A decrease in heart rate variability is a negative prognostic 
factor for overall mortality in human patients with myocardial 
infarct. In dogs with chronic mitral valve disease, a decrease in 
heart rate variability correlates with the severity of congestive 
heart failure. 34 Patients with decreased heart rate variability are 
also less likely to respond to vasodilator infusion. The increase 
in the heart rate in patients with heart failure parallels sympa¬ 
thetic activation, which in turn correlates with the severity of 
the heart failure. 

Increased Inotropy and Lusitropy 

Beta-adrenergic stimulation caused by increased sympathetic 

tone during heart failure increases calcium entry in the atrial 
and ventricular cells, calcium release from the sarcoplasmic 
reticulum, and the interaction between contractile proteins. All 
these actions increase contractility. Beta-adrenergic stimulation 
also increases lusitropy by increasing calcium efflux from the 
cell and calcium uptake by the sarcoplasmic reticulum. 3 The 

in calcium entry is largely responsible for the positive 
inotropic effect; the facilitated dissociation from troponin and 
increased calcium uptake by the sarcoplasmic reticulum 
the key factors in causing a positive lusitropic effect. 3 Beta- 
adrenergic stimulation increases cardiac output, but also 

MV0 2 and contributes to myocardial remodeling. 

Myocardial Grouch 

Cardiac mass is increased in patients with heart failure, appar¬ 
ently as a result of a combination of reactive fibrosis and 
myocyte hypertrophy, along with alterations in the cytoskeletal 
structure in the myocyte. An increase in afterload and 
endocrine activation lead to left ventricular hypertrophy. 
Hypertrophy reduces the load in individual cells and increases 
cardiac output. Hypertrophy causes growth of myocyte and 
nonmyocyte cells in the extracellular matrix of the 
myocardium. The growth of myocytes and nonmyocyte cells 
occurs independent of each other. Chronic anemia and thyro¬ 
toxicoses cause myocyte growth without the involvement of 


fibroblasts, whereas hypertrophy secondary to pressure over¬ 
load is accompanied by reactive fibrosis that is not secondary 
myocyte necrosis. Increases in preload, afterload, sympa¬ 
thetic activation, and growth hormone induce myocardial 
growth, whereas activation of the RAS, prostaglandin E 2 , 
transforming growth factor-beta, (TGF-beta,), and insulin - 
like growth factor-] (IGF-1) induce remodeling of the cardiac 

mterstitium (Figure 197-17). 63 All these substances induce 

expression of proto-oncogenes and growth-regulating genes 
that play an important role in the mediation of hypertrophy. 
Structural remodeling of myocardial collagen matrix 
tributes to the progression of heart failure. 

Hypertrophy in patients with CHF results in a ventricle 
that is not normal. Morphologic, biochemical, and genetic 
changes cause ventricular remodeling, leading to progression 
of the left ventricular dysfunction. The appearance of a "slow"' 
myosin, a more efficient myosin that spares energy in the 
heart, has been detected in the atria* 54 but not the ventricles 65 
of dogs with CHE Pressure-induced hypertrophy unloads the 
individual myocardial cells and decreases wall stress and 
MVO z . However, hypertrophied ventricles have a capillary 
deficit and a decreased number of mitochondria, leading to a 
state of energy starvation, 66 The chronic energy starvation 
leads to necrosis, fibrosis, an increase in the collagen 
tration, and diastolic dysfunction. Volume-induced hypertro¬ 
phy decreases wall stress and MV0 2 and helps maintain stroke 
volume, probably by increasing compliance. Fiber slippage, 
however, causes further dilatation of tbe heart, again increas¬ 
ing wall stress and MVO z and favoring progression of the left 
ventricular dysfunction. 
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of ceil types. Unlike hormones, cytokines are not stored 
hut are secreted in response to specific stimuli. TNF-alpha, 
interleukin-]-alpha ilL-lct), interleukin-1-beta (IL-ip), and 
intcrleukin-6 (IL-6) are classified as proinflammatory 
cytokines. 2 These cytokines initiate both primary host 

responses and tissue repair. Interleukin-2 (IL-2) is a potent 

immunostimulatory polypeptide that amplifies the immune 
response to antigens. Evidence suggests that proinflammatory 
cytokines are capable of modulating cardiovascular function 
through a variety of mechanisms, such as promotion of left 
ventricular remodeling, induction of contractile dysfunc¬ 
tion, and uncoupling of myocardial beta-adrenergic receptors 
[Table 197-3). 67 Several studies have shown that CHF is associ¬ 
ated with increased circulating levels of proinflammatory 
cytokines. Short-term expression of cytokines in the heart may 
be an adaptive response to different forms of stress, whereas 
long-term expression may be maladaptive by producing cardiac 
decompensation. The cytokine hypothesis for heart failure does 
not imply that cytokines cause heart failure per se, However, 
they are potentially involved in the genesis of this pathology, 
and over expression of cyto lanes contributes to the progression 
of heart failure once ventricular dysfunction ensues. 60 Chronic 
sympathetic activation 69 and increases in angiotensin IT 70 71 and 
aldosterone 72 play a role in the overexpression of cytokines 
during CHE Sustained hemodynamic overloading provokes a 
transient increase in proinflammatory cytokine and cytokine- 
receptor gene expression 

The main stimulus for cytokine activation in CHF is not 
known. 74 The heart is primarily involved and could be the 
main source of proinflammatory cytokines, because the failing 
myocardium is capable of producing TNF-alpha. 75 It has also 
been demonstrated that pressure overload stimulates the 
synthesis of TNF-alpha messenger ribonucleic acid (mRNA). 
Myocardial stretch induces mRNA production by myocytes. 
Another potential stimulus for an increase in the produc¬ 
tion of TNF-alpha by the failing heart is extramyocardial 
cytokine release caused by tissue hypoxia. 77 Tissue hypoxia 
and the production of free radicals are potent stimuli for 
the generation of cytokine release via nuclear factor-kappa-B 


(NF-kappa-B)-dependent pathways. 7 ® Cytokines are expressed 
in the myocardium in end-stage heart failure to a much greater 
degree than in patients with recent onset of symptoms. Plasma 
levels of TNF-alpha correlate with mRNA expression in the 
myocardium and thus may 
of myocardial cytokine activation. Whether the production of 
cytokines in the failing human heart precedes the elevation of 
cytokines in the plasma remains undefined, 79 

The bowel could also be a source of proinfl ammatory 
cytokines during CHF. The intestinal wall edema and isch¬ 
emia that occur during CHF favor bacterial translocation and 
may cause the release of endotoxins, with subsequent 
immune activation.® 0 It has been shown that during acute, 
edematous exacerbation of CHF, endotoxin and cytokine 
concentrations increase but can be normalized by diuretic 
th erapy. 

Tumor Necrosis Factor Alpha 

TNF-alpha is a proinflammatory' cytokine that exerts negative 
inotropic effects in vivo and in vitro. Acute negative inotrope 
results from disruption of calcium transients, whereas chronic 
effects are associated with induction of inducible NO synthase 
(iNOS) and are due to NO-induced myofilament desensitiza¬ 
tion to calcium. 82 TNF-alpha also can produce left ventricular 
remodeling, hypertrophy and apoptosis, pulmonary edema, and 
cardiomyopathy. 83 It stimulates production of other endoge¬ 
nous pyrogens, such as IL-ip. The main known stimuli that 
prompt adult mammalian myocardial cells to produce TNF 
are endotoxins, hypoxia, and increased mechanical stress. 7684 
NF-kappa-R can also participate in the production of TNF- 
alpha* Oxidative stress activates NF-kappa-B, which binds to 
a TNF promoter, increasing TNF-alpha transcription* 85 Mild 
acute increases in TNF-alpha are an adaptive response to 
stress; they protect the heart during ischemia and favor 
remodeling during infarcts and adaptive growth during hemo¬ 
dynamic overload. Severe acute increases lead to myocarditis as 
a result of an exacerbated inflammatory response, and chronic 
increases are maladaptive, favoring cardiac decompensation and 
apoptosis, 86 
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Table 197-3 


Effects of Chronic Proinflammatory Cytokine Activation in Heart Failure 


EFFECT 


MECHANISM 


CLINICAL CORRELATE 


Heart 

Myocyte hypertrophy 


Generation of reactive oxygen intermediates in cardiac 
myocytes; activation of fetal gene programs 
Stimulation of production of extracellular matrix proteins and 
increased turnover of matrix 
N ec rosi s, a popto s i s 

Nitric oxide dependent; sphingomyelinase pathway; uncoupling 
of beta adrenoreceptors; abnormal mitochondria energetics 
Cytokine cascade 


Cardiac hypertrophy 


Left ventricular remodeling 


Cardiomyopathy of overload 


Cardiomyocyte loss 

Depression of myocardial 
function 

Exacerbated inflammatory 
response 

Skeletal Muscle 

Myopathy 


Progression of heart failure 

Decreased contractility 


Myocarditis 


Free radical and nitric oxide overproduction; endothelial 
dysfunction 
Apoptosis 


Reduced blood flow in muscles, 
exercise intolerance 
Cardiac cachexia 


Decreased skeletal mass 


Other Effects 

An o rexi a 

Pulmonary edema 


Cardiac cachexia 
Dyspnea 
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Cats with naturally occurring CHF have increased 
trations of TNF-alpha. 87 Increases in the TNF-alpha 
tration have been independently associated with 
prognosis for CHF. TNF-alpha is produced in the heart by 
diac myocytes and resident macrophages under conditions of 
cardiac stress. Normal hearts do not produce TNF-alpha, but 
failing human hearts make abundant quantities. 83 The 
of cardiac TNF-alpha appears to be at least partly attributable 
to production by the cardiac myocyte. 75 TNF-alpha plays 
an important role in the development of heart failure. 
Administration of TNF-alpha to experimental animals and 
transgenic overexpression of TNF-alpha lead to CHF. Mice 
that overexpress TNF-alpha recapitulate heart failure and 
a dilated cardiomyopathy state in other species shows (I) four- 
chamber dilatation, [2) myocyte hypertrophy (3) interstitial 
infiltrates, (4) extracellular matrix remodeling with fibrosis, 
[5) diminished beta-adrenergic responsiveness, and (6} pre¬ 
mature death. 86 Attenuation of the biologic activity of TNF- 
alpha abrogates the development of CHF in experimental 
model systems. Unfortunately, anti-TNF strategies to date 
have not demonstrated salutary benefits in large, multicenter, 
randomized and placebo-controlled clinical trials in patients 
with symptomatic heart failure. 88 

Interleukins 

Interleukin-1 (IL-I) mediates immune response and the pro¬ 
duction of inflammatory responses through an increase in 
prostaglandins, and it may be a basal part of the overactivated 
cytokine cascade during CHF. 2 IL-1 appears capable of mod¬ 
ulating myocardial function. It exerts a potent antiprolifera¬ 
tive effect on cardiac fibroblasts but induces cardiac myocyte 
hypertrophy, IL-1 p is increased during CHF; it decreases 
myocardial contractility by stimulating IN OS, and it 
uncouple beta adrenoreceptors from adenylate-cyclase 
of the mechanisms of heart failure progression. 89 The nega¬ 
tive inotropic effect of IL-1 appears to be mediated, at least 
partly, by production of NO or by the activation and release 
of interleukin-] 8, a member of the IL-1 family. 08 IL-1 induces 
synthesis by T lymphocytes of interleukin-2 (IL-2), an endog¬ 
enous T-ceil mitogen that enhances T-cell proliferation, IL-2 
thus amplifies the immune response and stimulates the pro¬ 
duction of interferon-gamma and the release of other inflam¬ 
matory factors (e.g., TNF-alpha). IL-2 levels are increased in 
human patients with dilated cardiomyopathy and in their rel¬ 
atives, with left ventricular enlargement usually being higher 

in patients with CHF, 90 InterleuJdn-6 (IL-6) is a multifunc¬ 
tional cytokine that mediates both immune and inflammatory 
responses. It is also a promoter of cardiomyocyte hypertrophy 
and a negative inotrope that is elevated in patients with heart 
failure, especially those with cardiac cachexia 
CHE 91 In human patients with CHF, IL-6 is a predictor of 
mortality independent of etiology, the sodium concentration, 
the severity of heart failure, and the ejection fraction. 92 

Nuclear Factor—Kappa-B 

During CHF, oxidative stress, increased expression of TNF- 
alpha, and an increase in the angiotensin II concentration 
to activate NF-kappa-B. NF-kappa-B is a redox-sensitive tran¬ 
scription factor that is critical to initiation of the co-ordinated 
expression of classic components of the myocardial inflamma¬ 
tory response, including increased expression of pro inflamma¬ 
tory cytokines (e.g., TNF-alpha, IL-6), NO, chemokines, and 
adhesion molecules. e4 - 88 NF-kappa-B is an important player in 
inflammation during heart failure. Activation of NF-kappa-B 
initiates gene transcription of several substances that can lead 
to cardiovascular injury, NF-kappa-B signaling also plays 
an important role in myocardial growth, and its inhibition 
attenuates cardiomyocyte hypertrophy. 93 94 Myocardial cells 


from patients with heart failure exhibit activation of 
NF-kappa-B and increased expression of genes it regulates 

(e.g., TNF-alpha, iNOS), Elevation of NF-kappa-B seems to 

occur independent of the etiology of heart failure but appears 
to be related to the severity of CHF. NF-kappa-B can activate 
cell death pathways, and TNF-alpha—induced apoptosis is 
associated with an increase in NF-kappa-B, However, blocking 
of NF-kappa-B in this setting paradoxically exacerbates cell 
death. 85 It is not known if NF-kappa-B activates antiapoptotic 
factors. The paradoxical effect of activating detrimental 
molecules while protecting cells may be related to the inflam¬ 
matory program mediated by NF-kappa-B; it generates toxic 
molecules that can kill invading micro-organisms without 
damaging host cells, 85 

Reactive Oxygen Species 

Increases in angiotensin II induce production of reactive 

oxygen species. An important effect of angiotensin II is 

activation of the NAD(P)H oxidase, a major source of reac¬ 
tive oxygen species (ROS) production by vascular cells. 
Reactive oxygen species are the end result of univalent 
reductions in oxygen that produce super oxide anion, hydro¬ 
gen peroxide, and water, 95 ROS influence both normal and 
abnormal cellular processes, including cellular growth, hyper¬ 
trophy, remodeling, lipid oxidation, modulation of vascular 
tone, and inflammation. The increase in cellular ROS con¬ 
tributes to the pathogenesis of vascular disease by altering 
endothelial cell function; enhancing smooth muscle ceil 
growth and proliferation; stimulating inflammatory proteins, 
including macrophage chemoattractant agents, growth factors 
and cytokines; and modulating matrix remodelling ^ These 
ROS can be released from the cardiac myocyte mitochondria, 
and chronic release of ROS recently was linked to the 
development of left ventricular hypertrophy and progression 
of heart failure. 97 The release of ROS is required for the 
normal physiologic activity of cardiac cells, but abnormal 
activation of nonphagocytic NAD(P)H oxidase in response 
to neurohormones and cytokines (angiotensin II, 
epinephrine, TNF-alpha) has been shown to contribute to 
cardiac myocyte hypertrophy. The fibrosis, collagen deposi¬ 
tion, and metalloproteinase activation involved in the remod¬ 
eling of a failing myocardium depend on ROS released during 
the phenotypic transformation of fibroblasts to myofibroblasts 
that is associated with progression of end-stage heart failure. 97 
Studies of genetically altered mice have shown that activation 
of the NAD(P)H oxidase by angiotensin IT contributes to 
hypertension and left ventricular hypertrophy. 90 - 99 

The cytokine hypothesis 2100 for heart failure suggests that 
heart failure progresses because cytokine cascades that 
activated after myocardial injury exert deleterious effects 
the heart and circulation. This hypothesis does not imply that 
cytokines cause CHF, but rather that overexpression of 
cytokines contributes to the progression of heart failure 
left ventricular dysfunction ensues. 

become activated after left ventricular injury or myocardial 
stretch. These stress-activated cytokines can exert autocrine 
and paracrine effects in the myocardium by binding to specific 
cytokine receptors. If cytokine expression is excessive, these 
molecules may produce left ventricular dysfunction and left 
ventricular dilatation. It is further postulated that cytokines, 
when overproduced, may spill over into the circulation, lead¬ 
ing to secondary activation of the immune system, which is 
then capable of amplifying the cytokine signal in the periph¬ 
ery. 101 There is an easily recognizable overlap between the 
neurohormonal and cytokine hypothesis. However, there 
likely to be important differences in the mechanisms that ini¬ 
tiate overexpression of these molecules, as well as differences 
in the biologic effects that these molecules exert. 
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WHAT ARE THE CLINICAL MANIFESTATIONS 
OF HEART FAILURE? 


Thus elevated pulmonary venous and capillary hydrostatic 
pressures in small animals lead to pulmonary edema and 
be manifested as 
exercise intolerance. Systemic 
jugular distention, hepatic congestion, ascites, and subcuta¬ 
neous edema. In dogs, ascites always precedes subcutaneous 

edema in patients with right-sided CHF. Cats rarely develop 
ascites secondary to right-sided CHF. Biventricular failure 
shows a combination of left- and right-side signs and is often 
associated with accumulation of pleural fluid. Although cats 
may occasionally develop pleural effusion during experimen¬ 
tally induced right-sided CHF, 102 almost all cats with pleural 
effusion from CHF have bilateral disease or a disease of the 
left side, with pulmonary hypertension or atrial fibrillation. 
Pleural effusion in small animals usually accompanies biven¬ 
tricular failure, not isolated right-sided failure. 103 Dogs 
develop pleural effusion only during experimentally induced 
right*sided CHF, when large volumes of crystalloid 
infused, leading to severe hypoproteinemia. lw In this setting, 
pleural effusion correlates better with the pulmonary capillary 
wedge pressure than with the right atrial pressure, which sug- 
gests that right-sided CHF was not the main cause of the 
development of pleural effusion. 

A decrease in cardiac output may lead to exercise intoler¬ 
ance, tiring, and fatigue. Because exercise intolerance can 
occur only in animals that exercise, it is not a prominent com¬ 
plaint of cat owners or of the owners of dogs that spend most 
of their life 

output of the failing heart or to concurrent arrhythmia. Low- 
output signs are nonspecific but, when due to CHF, tend to 
worsen with exercise. 

Dyspnea is usually caused by pulmonary edema or pleural 
effusion, but it may also occur before the patient develops 
severe fluid retention. Dyspnea and exercise intolerance may 
be related to skeletal muscle changes that occur during CHF. 
Abnormal muscle function and increased fatigability during 
CHF have been linked to the decrease in muscle bulk, an 
increased reliance on anaerobic metabolism, decreased muscle 
blood flow, and metaboreceptor activation.z* Normal animals 
become dyspneic during exercise in a manner similar to that 
which occurs in CHF. The main difference among a normal, 
fit animal, an untrained animal, and a patient with CHF is the 
amount of exercise that leads to dyspnea and fatigue. Muscle 
fatigue is an important determinant of exercise intolerance 
and dyspnea (fatigue of respiratory muscle) during CHF, In 
human beings, the same patient may complain of fatigue or 
dyspnea, depending on the type of exercise performed. It has 
been proposed that the sensation of fatigue during CHF is 
generated as a central mechanism to protect against hypoxic 
damage to essential organs. Ergoreceptors may be responsible 
for mediating both dyspnea and sensation of fatigue. 105 The 
muscle hypothesis for CHF states that abnormalities in skeletal 
muscle blood flow, bulk, and function are major determinants 
of clinical signs, leading to fatigue and increased ventilatory 
stimulus. Activation of ergoreceptors leads to persistent sym¬ 
pathetic activation, increasing afterload and reducing blood 
flow. As cardiac function deteriorates, a catabolic state exacer¬ 
bates muscle wasting (cardiac cachexia), and patient inactivity 
leads to further deterioration of muscle function. Such a pro¬ 
gression leads to a vicious cycle, in which muscle abnormalities 
cause clinical signs and favor progression of left ventricular 
dysfunction, worsening muscle abnormalities and increasing 
clinical signs, 28 

Cardiac cachexia is a common finding in CHF. It is usually 
more prominent in right-sided CHF and in giant breeds with 
dilated cardiomyopathy In one study, more than half of the 
dogs with CHF secondary to dilated cardiomyopathy 
cachecticIt is very uncommon for an animal with overt 


can 




dyspnea, cough, pulmonary crackles, and 

venous hypertension causes 


Clinical signs in heart failure may result from accumulation of 
fluids, low cardiac output, or changesJtt the skeletal muscles 
(Box 197-5). Dogs with CHF are usually brought to the vet¬ 
erinarian because of a cough, dyspnea, exercise intolerance, 
abdominal enlargement, or syncope. Cats, on the other hand, 
are usually presented because they cannot breathe (pleural 
effusion or pulmonary edema) or cannot walk (aortic thrombo¬ 
embolism) properly. 

Sodium and water retention increase the circulating 
volume and venous pressure, an effect that is potentiated by 
venous constriction. Venous hypertension and microcirculatory 
congestion lead to transudation of fluids in body cavities (effu¬ 
sion) or the interstitium (edema). These signs develop prefer¬ 
entially in the capillary beds drained by the failing ventricle. 
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Box 197-5 


Clinical Signs in Congestive Heart Failure 


Low-Output Signs 

Complaints —> Exercise intolerance, syncope 
Clinical signs Weak arterial pulses, tachycardia, 
arrhythmias, cool extremities 

/ ^ 

Signs Related to Poor Skeletal Muscle Function 

Complaints ^ Loss of weight, exercise intolerance, 
dyspnea* 

Clinical signs —* Decreased muscle bulk 


the lap. Syncope may be due to low cardiac 


on 




Signs Related to Fluid Retention 
Left side (pulmonary edema) 

Complaints Dyspnea, orthopnea, exercise intolerance, 
cough* 

Clinical signs Pulmonary crackles, tachypnea, gailop 
rhythm, functional mitral regurgitation, cyanosis 
caused by ventilation-perfusion inequality 

Right side (systemic venous congestion) 

Complaints Abdominal enlargement (ascites), 
subcutaneous edema 

Clinical signs —> Jugular distention and pulsation, 
ascites, hepatomegaly, splenomegaly, hepatojugular 
reflux, gallop rhythm 


Bilateral 

Complaints —» Left side plus right side complaints, 

dyspnea caused by pleural effusion 
Clinical signs —* Left side plus right side clinical signs, 
muffled heart and lung sounds with fluid line in the 
chest (pleural effusion) 


Other Signs 

Arrhythmias 
Weight loss 

Coug h 


•Activation of metaboreceptors and peripheral chemoreceptors 
may contribute to dyspnea in patients without congestion. 

T Cough may abo occur in dogs without congestive heart failure 
because of left main stem bronchus compression. 
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are inevitable. One should not conclude, however, that recent 
development or worsening of clinical signs is due to disease 
progression. In many patients a precipitating factor for the 
CHF can be found, and it may not necessarily be related to 
the heart itself. Lack of client compliance is a common cause 
of treatment failure. Clients should be carefully questioned 
about medications used. Treatment of heart failure usually 
requires multiple drugs, and confusion about the proper use 
of the medications is not uncommon. The doses given, the 
frequency and route of administration, and use of the proper 
formulation should be verified. Furthermore, the possibility 
that a person other than the owner (e.g., a pet sitter) may have 
been temporarily responsible for the dog or cat should be 
investigated. Inappropriate reduction of therapy is the most 
common reason for sudden worsening of the clinical condi¬ 
tion in human patients with CHE In small animal practice, 
inappropriate therapy is more likely when a person who is not 
completely familiar with the patient's clinical condition is 
caring for the dog or cat or when the patient goes for a long 
period without clinical signs and is assumed to be "cured/ 1 

The development of complications is an important precip¬ 
itating factor for CHF in small animal medicine. Extracardiac 
complications that impose an extra load on the cardiovascular 
system may induce CHF in patients with heart disease. 
Conditions that lead to a hyperdynamic circulation (e.g., anemia, 
hyperthyroidism, infection, fever) increase MVO^ and sympa¬ 
thetic tone. Systemic arterial hypertension causes an increase 
in afterload, which has a devastating effect on a failing 
myocardium. Systemic hypertension also increases the regur¬ 
gitant fraction in patients with aortic and mitral regurgitation. 
In addition, physical, environmental, and emotional stress may 
lead to CHF, and a second, unrelated disease may affect 
cardiac function indirectly Renal failure can potentially cause 
hypertension and may interfere with sodium excretion, exac¬ 
erbating the CHF. 

A common cause of sudden decompensation of CHF is 
a cardiac complication. The two most common cardiac compli¬ 
cations leading to CHF are the development of mitral regur¬ 
gitation and arrhythmias. Mitral regurgitation may develop 
suddenly as a result of dilatation of the annulus valvulus in 
patients with dilated cardiomyopathy or as a result of the 
Venturi effect in cats with hypertrophic cardiomyopathy. 
However, the most devastating cause of acute worsening of 
mitral regurgitation that leads to CHF is the rupture of chordae 
tendineae, which occurs in dogs with mitral endocardiosis. 
The sudden appearance of atrial fibrillation is a common cause 
of the precipitation of CHF in dogs with dilated cardio¬ 
myopathy or mitral endocardiosis. Progression of the cardiac 
disease, usually with development of myocardial failure, even¬ 
tually leads to the appearance of signs of CHF in patients with 
heart disease. 


CHF to be obese. Obesity is usually associated with respiratory 
problems. When CHF develops rapidly (e.g., with rupture of 
a chorda tendineae or the development of atrial fibrillation, or 
in a few Dobermans with dilated cardiomyopathy), time may 
not be sufficient for cardiac cachexia to develop, and the 
animal may show a reasonably normal body condition. The 
cachectic state is a strong independent risk factor for mortality 
in patients with CHF. 107 Cachexia is more closely associated with 
hormonal changes in CHF than are conventional hemody¬ 
namic measures of the severity of CHF . m Neuroendocrine acti¬ 
vation leads to increases inTNF-alpha, IL-ip, norepinephrine, 
and cortisol and to insulin resistance. All these factors appear 
to play a major role in the development of cardiac cachexia. 
An increase in TNF-alpha and its soluble receptors is seen in 
chronic heart failure. This increase is associated with a rise in 
the cortisol/dehydroepiandrosterone (catabolic/an abolic) ratio, 
suggesting that an increase in TNI -alpha is at least partly 
responsible for the cachexia, ] 09 In right-sided heart failure, 
interference with normal absorption of nutrients in the gas¬ 
trointestinal tract, caused by intestinal and hepatic congestion, 
may also contribute to cachexia. 

Cough is a common sign of heart disease in dogs but not in 
cats. Dogs with heart disease may cough because of left-sided 
CHF, compression of the left main stem bronchus without 
CHF, or a concurrent respiratory disease (e.g., collapsing trachea, 
chronic bronchitis). Dogs that cough from pulmonary edema 
are frequently thin, show severe weight loss, and have a more 
subtle cough that tends to worsen at night and may be accom¬ 
panied by a pink nasal discharge or sputum. Dogs that cough 
because of left main stem bronchus compression or respira¬ 
tory disease are more likely to be obese or of normal weight 
and tend to have dry, hacking coughs that are usually worse 
during the day Dogs with left-sided CHF usually have fast 
heart rates caused by sympathetic activation, whereas dogs 
with left main stem bronchus compression or respiratory dis- 

have normal heart rates with pronounced sinus arrhyth¬ 
mia due to high vagal tone. 

Arrhythmias in patients with heart failure may be caused 
by the underlying disease or by the CHF itself. In addition, 
chronic, persistent tachycardia may cause left ventricular dys¬ 
function and CHF, The enlargement, fibrosis, and hypertrophy 
that occur during left ventricular dysfunction lead to conduc¬ 
tion abnormalities that predispose the animal to arrhythmias. 
A rise in cytosolic calcium, caused by sympathetic activation, 
may also cause arrhythmias. The presence of arrhythmias is an 
important negative prognostic factor in patients with CHF 
Clinical signs suggestive of heart disease (although not nec¬ 
essarily CHF) include a diastolic, continuous, or loud systolic 
murmur; arrhythmias with pulse deficit and gallop rhythms; 
and ascites with jugular distention and hepatojugular reflux. 
An aortic thromboembolism (saddle thrombus) in cats also 
suggests the presence of heart disease. Right-sided CHF is a 
clinical diagnosis in dogs. It is likely to be present in patients 
with ascites and jugular vein distention, hepatomegaly, and 
abnormal cardiac auscultation. Diagnosis of left-sided heart 
failure, however, requires a chest radiograph, Auscultative 
pulmonary abnormalities in pulmonary edema are neither 
sensitive nor specific. A patient with dyspnea, cough, or pul¬ 
monary crackles, even with abnormal heart ausculation, may 
have respiratory signs caused by a primary respiratory disease. 
In cats, chest radiographs are very useful for diagnosing both 
right- and left-sided CHF. 


HOW CAN WE CLINICALLY EVALUATE 
HEART FUNCTION? 


Is Heart Failure Present? 

Heart disease is not synonymous with heart failure. A patient 
may be presented with a heart murmur or gallop and may 
even have myocardial failure, yet may not necessarily be in 
CHF. To facilitate characterization oi the severity of heart 
failure, functional classifications based on clinical signs at rest 
used (Box 197-6). The presence of heart failure may be 
suspected during the physical examination. Right-sided CHF 
is a clinical diagnosis based on jugular distention and pulsa¬ 
tion, the presence of ascites (dogs) and pleural effusion (cats, 
usually indicating bilateral failure), and peripheral edema. The 
diagnosis is confirmed by showing elevation of the central 
venous pressure or, more loosely, by observing a large right 


are 


WHY DOES A PATIENT DEVELOP CLINICAL SIGNS 
OF CONGESTIVE HEART FAILURE? 


CHF is a progressive disease, and systolic or diastolic function 
is eventually compromised to a degree that clinical signs 
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What Tests Should Be Performed? 

Laboratory tests are used to confirm the presence and cause of 
the heart disease, the presence and severity of the CHF and 
ventricular dysfunction, and the presence of complications. 
Some tests are useful for diagnosing specific conditions and 
may offer no information about cardiovascular function, 
whereas others may assess only function or may offer a com¬ 
bination of functional and diagnostic information. In addition 
to the physical examination, confirmation of the exact cause 
of CHF usually requires a combination of radiographic, elec¬ 
trocardiographic, echocardiographic, and laboratory assessment 

techniques. Echocardiography is very helpful in determining 
the disease leading to the CHF. 

Electrocardiography can be used to evaluate the heart 
rhythm, but it provides only indirect information about 
cardiovascular function. Arrhythmias may be due to heart 
disease, but they also can arise from non cardiac causes. The 
electrocardiogram provides no definitive criteria for diagnosing 
heart failure. However, it may contribute to the diagnosis (e.g,, 
showing a decrease in QRS voltage and electrical altemans with 
pericardial effusion}. One should bear in mind that a normal 
electrocardiogram does not rule out CHF or heart disease. 

Chest radiographs are very important for patients 
pected of having heart disease. Changes in cardiac size and 
shape may show the compensation effects in the heart (car- 
diomegaly) and can be very helpful in determining the 
of CHF in dogs. Unfortunately, in cats, chest radiographs do 
not discriminate among the different myocardial diseases that 
may lead to heart failure, and echocardiography is usually nec¬ 
essary. Chest radiographs are of paramount importance in the 
detection of left-sided CHF [pulmonary venous congestion, 
pulmonary interstitial or alveolar edema). They are also useful 
for visualization of pleural effusion in patients with CHF 

Echocardiographic examination is extremely helpful for 
determining the cause of CHF There are no echocardio¬ 
graphic criteria for diagnosing CHF, but it is uncommon to see 
left-sided CHF without echocardiographic abnormalities, 
such as left atrial enlargement; and right atrial enlargement 
pericardial effusion, in right-sided CHF 

Echocardiography, measurement of the arterial blood pres¬ 
sure, and cardiac catheterization may all provide useful infor¬ 
mation about cardiovascular function. Cardiac catheterization 
has been used less and less, because most of the information 
provided by cardiac catheterization can now be obtained non¬ 
in vasively and without the need to anesthetize the patient. 
Pressures behind the pumping chambers are useful for estimat¬ 
ing ventricular filling pressures. The central venous pressure 
can be measured with a water- or saline-filled catheter placed 
in the cranial vena cava or right atrium. The central venous 
pressure provides an estimation of the right ventricular end- 
diastolic pressure. The pulmonary capillary wedge pressure is 
obtained by placing a balloon-tipped (Swan-Ganz) catheter in 
the pulmonary artery, inflating the balloon to wedge the 
catheter tip, and then recording the pressure. The pulmonary 
capillary wedge pressure provides an estimate of the left ven¬ 
tricular end-diastolic pressure. Clinically speaking, congestive 
heart failure is evidenced by increased ventricular filling [end- 
diastolic) pressures. 

The arterial blood pressure should be measured in all 
patients with heart disease or CHF. Arterial hypertension can 
lead to left ventricular hypertrophy and dysfunction and 
eventually to CHF CHF secondary to systemic hypertension 
appears not to be as common in dogs and cats as it is human 
beings. However, hypertension is a potentially controllable 
reason for heart disease. In addition, systemic hypertension in a 
patient with any left ventricular dysfunction increases left ven¬ 
tricular afterload and decreases cardiac output. It also favors 
progression of left ventricular dysfunction. Hypertension 
increases valvular regurgitation in patients with mitral or aortic 
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Functional Classification of Heart Failure 






Modified from the New York Heart Association 
Classification* 

L No rm a I a ct i vity d oes n ot prod uce u n d ue fa tig ue, 
dyspnea, or coughing, 

II. The dog or cat is comfortable at rest, but ordinary 
physical activity causes fatigue, dyspnea, or coughing, 

11L The dog or cat is comfortable at rest, but minimal 
exercise may produce fatigue, dyspnea, or coughing. 
Signs may also develop while the patient is in a 
recumbent position (orthopnea). 

IV. Congestive heart failure, dyspnea, and coughing are 
present even when the dog or cat is at rest. Signs are 
exaggerated by any physical activity. 








3D 








International Small Animal Cardiac Health Council! 

I. Asymptomatic patient 
la Signs of heart disease but no cardiomegaly 
I b. Signs of heart disease and evidence of 
compensation (cardiomegaly^ 

It Mild to moderate heart failure 

Clinical signs of heart failure are evident at rest or with 
mi I d exerci se a n d ad ve rse I y a ffect the q ua I ity of I ife, 

III. Advanced heart failure 

Clinical signs of congestive heart failure are 
immediately obvious. 

Ilia. Home core is possible, 
lllb. Hospitalization ts recommended (cardiogenic 

shock, life-threatening edema* large pleural 
effusion, refractory ascites). 


sus- 


cause 


or 


‘Adapted fforn Ettinger SJ, Suter FF: The recognition of cardiac 
disease and congestive heart failure. In Ettinger S3, Suter PF (eds): 
C mine cardiology. Philadelphia, WB Saunders, 1970, p 215, 
'Adapted from International Small Animal Cardiac Health 
Council: Recommendations for the diagnosis of heart disease 
and the treatment of heart failure in small animals. Jh Miller MS, 
Tilley LP (eds): Manual of canine and feline cardiology , 
Philadelphia, WB Saunders, 1995, p 473. 


heart on radiographs or echocardiography Left-sided heart 
failure is a radiographic diagnosis that can be suspected in 
patients with dyspnea and abnormal respiratory sounds. It can 
he confirmed by showing elevation of the pulmonary capillary 
wedge pressure, but identification of pulmonary edema in 
association with left-heart enlargement would suffice from a 
clinical standpoint. 

Some clinical findings may be helpful, providing indica¬ 
tions of cardiovascular function. Gallop rhythms suggest the 
presence of ventricular dysfunction. The fourth heart sound 

[S 4 gallop) 

contraction. An S 4 gallop is associated with elevated ventricu¬ 
lar end-diastolic pressure related to a decrease in ventricular 
compliance. An early diastolic filling sound (S 3 gallop] may 
occur during ventricular dysfunction of any cause and is a very 
sensitive indicator of ventricular dysfunction. Increased loud¬ 
ness and splitting of the second heart sound suggest the pres¬ 
ence of pulmonary hypertension, A distended and sometimes 
pulsating jugular vein suggests that the right atrial pressure is 
elevated and the patient is in right-sided heart failure. 


no 


during late diastole and represents atrial 


occurs 
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insufficiency and the shunt fraction in dogs and cats with 
left-to-right shunts. 

Measurement of biochemical markers that are increased 
during heart disease or CHF can provide information about 
the disease and in some cases may have prognostic value. The 
most commonly used markers in small animals are cardiac tro¬ 
ponin I, cardiac troponin T, ANP, and BNP. Cardiac troponins 
are leakage markers that are released into the circulation 
when cardiac cell membrane integrity has been compromised; 
they therefore indicate myocardial damage. Any myocardial 
injury, including CHF, can increase cardiac troponins; a corre¬ 
lation exists between the magnitude of myocardial damage 
and the degree of elevation of cardiac troponins only in acute 
states, 1 ] ] ANP and BNP are functional markers that increase 
with an increase in circulating volume (e.g,, CHF) or during 
left ventricular hypertrophy. ANP and BNP tend to increase 
regardless of the underlying heart disease, but their levels 
correlate well with the degree of left ventricular dysfunction. 
They can potentially be used to assess cardiac function, to 
monitor therapy and to help determine the prognosis. 49 ' 112 
Unfortunately few clinical studies have highlighted the indi¬ 
cations, usefulness, and limitations of different biochemical 
markers in heart disease in dogs and cats, which limits the 
of these markers. As more information becomes available, 
clinical use of biochemical markers likely will increase. 

Several indices are available to aid the evaluation of systolic 
and diastolic function in intact animals. The large number of 
indices (Box 197-7 presents a partial list} probably reflects the 
fact that no single index meets all needs. Only indices that 
clinically useful are discussed here. 

Systolic function Systolic function is assessed by evalua¬ 
tion of the determinants of stroke volume (preload, afterload, 
and contractility) and by use of indices of global ventricular 
systolic performance. For evaluation of cardiac function, many 
indices require a knowledge of the left ventricular volume 
stroke volume. The left ventricular volume can be estimated 
echocardiographically or by angiography. An echocardiogram 

provides a good estimation of left ventricular volume 
invasively in dogs and is economically feasible. Two-dimensional 
echocardiography is superior to M-mode echocardiography i 
the estimation of left ventricular volume in dogs. The stroke 
volume can also be obtained by two-dimensional echocardio¬ 
graphy (end-diastolic volume/end-systolic volume) or prefer¬ 
entially by Doppler echocardiography Using Doppl 
echocardiography, the stroke volume can be determined from 
the integrated velocity of blood flow across the aorta or pul¬ 
monary artery, multiplied by the cross-sectional area of the 
respective valve orifice. 

Preload Left ventricular end-diastolic volume is the best 
clinical approximation of preload. M-mode-based models for 
evaluation of the left ventricular volume are associated with 
unacceptably high variation, especially for the end-diastolic 
volume. Whenever possible, left ventricular volume should 
be estimated with two-dimensional echocardiography, using 
the Simpson's rule or the cylinder-truneated-cone-cone 
method. 113 Alternatively, preload can be estimated as being 
equal to the left ventricular end-diastolic pressure based on 
the relationship between left ventricular pressure and volume. 
Pressure, rather than volume, cannot be used to estimate 
preload in stiff or noncompliant ventricles. 

Afterload Ideally, afterload should be measured as the 
aortic input impedance, but this is not clinically feasible. 
An alternative is to use the effective arterial elastance (Ea). 
The Ea is a steady-state arterial parameter that incorporates 
the principal dements of vascular load and is obtained from the 
ratio of end-systolic pressure to stroke volume, 10 To avoid the 


Some Hemodynamic Indices Used to Evaluate 
Cardiovascular Function 




* Pressure behind the pumping chamber 

Left or right ventricular end-diastolic pressure" 
Pulmonary capillary wedge pressure* (left side) 
Central venous pressure (right side) 

* Systolic function 

Preloa d 

Left ventricular (LV) volume 
LV end-diastolic pressure* 

Afterload 

Aortic input impedance* 

Effective arterial elastance 
System ic va sc u! I ar res i sta nee 
Arterial blood pressure 
Contractility 

Isovolumic indices 

dP/dt mmc and derived indices* 
Pressure-volume indices 

P re I oa d recru ita ble stro ke work" 
dP/dt-SdPV" 

End-systolic elastance* 

Integrated systolic function 
Systolic time intervals 
Ejection fraction 
Fractional shortening 
End-systolic volume index 
Mean normalized systolic ejection rate 
Mean velocity of circumferential fiber 
shortening 
Stroke work" 

■ Diastolic function 

Diastolic time intervals 
Isovolumic relaxation time 
Flow and volume measurements 
Tra n sm rtra 1 va 1 ve flow p rofile 
Transmitral filling fractions 
Pulmonary venous flow systolic fraction 
LV flow propagation velocity 
Filling fraction 
Peak filling rate 
dV/dt 

Other echocardiographicolly derived indices 
Rate of change in wall thickness 
Rate of wall relaxation 
Relaxation half-time 
Pressure-derived isovolumic relaxation 
dP/dW 

Time constant of relaxation" (t) 

Press ure-vo I u me i nd ices 

End-diastolic press ure-vo I u me relationship* 
Chamber stiffness* 




use 


or 


non* 


in 


er 


"Requires cardiac catheterization for proper measurement. 

dP/dt 


maximum rate of increase in pressure; dP/dt-SdFV , 
end-diastolic volume relation; dV/dt, rate of change in volume; 

dP/dt 


maximum rate of fall in pressure. 
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need for cardiac catheterization, the mean 
pressure can be used as an estimation of the left ventricular 
end-systolic pressure. 114 Changes in the Ea show a high corre¬ 
lation with changes in input impedance. Peripheral resistance 
h another option for estimating left ventricular afterload, but it 
accounts only for the opposition to steady flow and not for the 
opposition to pulsatile flow. Peripheral (systemic) vascular resis¬ 
tance (SVR) can be calculated using cardiac output (CO), mean 
aortic pressure (MAP), and venous pressure (VP) as follows: 

SVR = 80 x (MAP - VP)/CO 

The arterial blood pressure can be used as a simple, non- 
invasive means of assessing the opposition to left ventricular 
ejection, CHF, however, involves a combination of decreased 
cardiac output and increased afterload. Because the arterial 
blood pressure depends on both these factors, it does not 
provide an adequate evaluation of left ventricular afterload. 115 
Nevertheless, it is important to know whether a patient with 
CHF also has systemic hypertension. The arterial blood pres¬ 
sure may also be important for monitoring vasodilator therapy 

during CHF. 

Contractility Contractility is difficult to define and even 
more difficult to measure without interference from preload 
and afterload. Ventricular contraction has an isovolumic phase 
and an ejection phase. Isovolumic indices evaluate only the 
isovolumic contraction phase but are less affected by load 
changes. Ejection phase indices are so affected by changes in 
afterload and preload that they reflect not the contractility but 
the integrated systolic function. Indices based on the pressure- 
volume relationship are relatively load independent and 
probably the best indices for evaluating contractility in intact 
animals. However, they are not routinely used clinically and 
are beyond the scope of this chapter. 

The isovolumic index most commonly used in the evalua¬ 
tion of cardiac contractility is the maximum rate of pressure 
rise (dP/dtroJ, dP/dt^* is the tangent to the maximum slope 
of the ascending portion of the left ventricular pressure curve, 
therefore it can be obtained only with left ventricular 
catheterization, dP/dt^ is influenced by preload (and to 
a lesser extent by afterload) and cannot be used in presence of 
valvular regurgitation. It is a sensitive index of contractility 
but is not specific because of its load dependence. Many other 
indices based on dP/dt have been developed, but they have 
roughly the same limitations as the dP/dt^. 

Integrated left ventricular systolic function Indices of 
left ventricular function that evaluate global systolic function 
can be based on systolic time intervals or on left ventricular 
volume, diameter, or flow characteristics. The most commonly 
used systolic time intervals are the left ventricular ejection 
time (LVET) and the pre-ejection period (PEP).The PEP 
responds to the electric-mechanic interval plus the pressure 
rise time (onset of QRS to the opening of the aortic valve); it 
is influenced by changes in afterload, preload, and contractility. 
The LVET (opening to closing of the aortic valve) is affected 
by the heart rate and contractility and only mildly by preload 
and afterload. The information necessary to determine the 
PEP and LVET can be obtained with an electrocardiogram, a 
phonocardiogram, and an arterial pressure curve or M-mode 

echocardiogram of the aortic valve. The PEP/LVET ratio is 

independent of the heart rate and inversely related to systolic 
function. 116 

The ejection fraction (stroke volume/end-diastolic volume) 
and fractional shortening ([end-diastolic dimension 
systolic dimension)/end-diastolic dimension) are two indices of 
systolic function expressed as a percentage. They are very sensi¬ 
tive and easy to measure using echocardiography, but they 
influenced by changes in load. In addition, the low correlation 


femoral artery 


between M-mode-derived volumes and the true left ventricu¬ 
lar end-diastolic volume 113 probably renders an ejection fraction 
obtained with M-mode echocardiography inaccurate. The left 
ventricle also must be contracting uniformly, and the ultrasound 
beam must be parallel to the short axis of the ventricle for 
an M-mode-derived volume to be representative of global 
ventricular function. 

M-mode imaging of the left ventricle may be performed 
using short or long axis views of the heart. Left ventricular 
dimensions obtained from short axis views tend to be higher 
than those obtained from long axis views, and there may be 
a lack ol agreement between short and long axis views in dogs 
with heart disease. 11 ' Fortunately, fractional shortening values 
obtained from short axis views have shown good agreement 
with those obtained from long axis images in normal dogs 
and in dogs with heart disease. 13 7 When an M-mode of the left 
ventricle is recorded, it is important to be in the center of the 
left ventricle, perpendicular to the left ventricular wall, and 
with the ultrasound beam just below the mitral valve. The 
short axis view allows better centering of the beam in the 
heart, whereas the long axis view is preferred for assuring that 
the beam is perpendicular to the wall. Either plan can be used 
to place the beam below the mitral valve. The choice of view 
(short axis, long axis, or both) for obtaining M-mode 
ment of fractional shortening in dogs and cats remains a matter 
of the examiner's personal preference. Fractional shortening i 
dogs is also affected by body size, being smaller in giant breed 
dogs. The end-systolic volume index, left ventricular end- 
systolic volume obtained by M-mode indexed to body surface. 
It has been used in dogs/ 18 but it is also dependent on afterload 
and in M-mode estimation of left ventricular volume. The end- 
systolic volume index may be more accurate than other 
volume-based indices because only one volume must be esti¬ 
mated, which avoids compounding error from multiple mea¬ 
surements. In addition, measurement of the end-systolic volume 
improves precision because of the better correlation between 
M-m ode-derived volumes and true ventricular volume at 
smaller volumes. 113 The time to aortic peak velocity, which 
be obtained by Doppler echocardiography, correlates well with 
global systolic function. Like all ejection indices, it is affected 
by changes in afterload. 

Diastolic Function 

Diastolic function is harder to evaluate noninvasively than 
systolic function. Doppler echocardiography remains the pri¬ 
mary technique for assessing diastolic function noninvasively. 
Some indices of diastolic function assess ventricular function 
during a specific phase, whereas others evaluate global perfor¬ 
mance during diastole. 

Diastolic time intervals can be used to evaluate diastolic 
properties. The most commonly used diastolic time interval is 
the isovolumic relaxation time, which is the time from aortic 
valve closure to mitral valve opening, when the left ventricular 
volume is constant. It is a relaxation index and can be obtained 
from phonocardiography (for aortic closure) and M-mode 
echocardiography (to mitral opening) or from Doppler echocar¬ 
diography (the time from cessation of aortic flow to 
meneement of transmitral flow). An isovolumic relaxation 
time obtained echocardiographically correlated well with the 
time constant of isovolumic relaxation (i) in anesthetized 
cats. 119 Unfortunately, the rate of decline in left ventricular 
pressure is only one of several factors that determine the iso¬ 
volumic relaxation period. The aortic diastolic pressure and left 
atrial pressure affect the length of this period. The isovolumic 
relaxation time cannot be used in patients with aortic or mitral 
regurgitation because there is no true isovolumic period, 

Doppler echocardiogram-derived changes in blood flow 
can be used to evaluate diastolic function. Many indices have 
been proposed, but the ones based on the transmitral valve 
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flow profile (E and A waves] are more commonly used. The 
E wave represents early ventricular filling and precedes the 
A wave (atrial filling wave). The E wave is normally larger than 
the A 

heart rates, especially in cats, E and A waves are often ftised, 
and the E/A ratio cannot be evaluated. An increase in the size 
of the A wave and a decrease in the E wave occur in patients 
with relaxation abnormalities. Unfortunately, with progression of 
the disease and an increase in the left ventricular end-diastolic 
pressure, the presence of mitral regurgitation, and 
in the left atrial pressure, pseudonormalization of the E and 
A waves occurs. Patients with restrictive diseases tend to have 
smaller A waves and larger E waves. 

M-mode echocardiography can also be used to evaluate 
diastolic function. The rate of change in wall thickness, the 
rate of wall relaxation, and the relaxation half time can be 
obtained with an M-mode echocardiogram (ideally a digitized 
echocardiogram). The peak rate of posterior wall motion has 
also been used, but this measurement is susceptible to distor¬ 
tion because of translational motion. 

Hemodynamic indices that use pressure rather than 
volume have been used to evaluate diastolic function. These 
all require cardiac catheterization. The peak negative dP/dt 
measures the maximal rate of decline of left ventricular pres¬ 
sure during relaxation and is usually taken as the lowest value 
of the first derivative of this pressure. It usually occurs around 
the time of aortic closure, ft should be remembered that the 
peak negative dP/dt occurs at one point in time and does not 
represent the totality of events, even during relaxation only. In 
addition, the peak minimum dP/dt is highly dependent on the 
left ventricular and the aortic systolic pressures. 

Integrated Function 

Cardiac output is considered a measure of integrated cardio¬ 
vascular performance. Cardiac output is usually measured by 
thermodilution, a technique based on the indicator-dilution 
method. Thermodilution offers advantages because it does not 
require arterial puncture or the withdrawal of blood, and an 
inert and inexpensive indicator (e.g., cold saline or 5% dextrose 
in water i is used with virtually no recirculation. However, all 
indicator techniques require placement of a catheter in the 
pulmonary artery, which makes these techniques impractical 
for routine use in clinical veterinary medicine outside critical 
care units, Doppler echocardiography can also be used to esti¬ 
mate cardiac output. The stroke volume can be determined 
from the integrated velocity of blood flow across the aorta 
pulmonar> r artery multiplied by the cross-sectional area of the 
respective valve orifice. 120 Doppler determination of blood 
flow velocity is a noninvasive method that can be performed 
in awake, untrained, dogs. 121 It is useful for documenting beat- 
to-beat variation in the stroke volume in dogs 122 and can be 
used to determine the cardiac output when the stroke volume 
is multiplied by the heart rate. As with thermodilution deter¬ 
mination of cardiac output, Doppler-derived values for cardiac 
outputs are variable. 123 Cardiac outputs obtained by Doppler 
echocardiography and thermodilution show an excellent corre¬ 
lation 124 ; however, the technique for obtaining cardiac output 
by echocardiography appears to be quite operator dependent. 
It should be remembered that cardiac output at rest is not a 
sensitive indicator of heart function during CHF because all 
compensatory mechanisms act to increase cardiac output. 

Whot Tests Should I Use In a Clinical Patient? 

Of all the tests available for the evaluation of cardiovascular 
function, a few are routinely used. Chest radiographs and 
echocardiography are performed in virtually all patients with 
CHF. Measurement of the arterial blood pressure and central 
venous pressure can be easily performed and provides impor¬ 
tant information about cardiovascular status. Not surprisingly, 


the most commonly used tests of cardiovascular function 
based on echocardiography, whereas chest radiographs are 
used to confirm left-sided CHF. In the majority of patients, 
systolic performance is assessed by fractional shortening, the 
ejection fraction, or the end-systolic volume index. No clini¬ 
cal comparison of these indices has been performed in small 
animals, therefore the choice of index is a matter of personal 
preference. In selected patients the aortic velocity, time to 
peak aortic velocity, and cardiac output can be measured 
using Doppler echocardiography. Diastolic performance is 
usually assessed by Doppler evaluation of transmitral flow. In 
patients undergoing cardiac catheterization, pressure traces, 
dP/dt^, cardiac output, and estimated systemic vascular 
resistance, among other measurements, can be obtained. 
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HOW DOES HEART FAILURE BECOME 
A PROGRESSIVE DISEASE? 


Vicious Cycles in Congestive Heart Failure 

Compensatory mechanisms activated during heart failure para¬ 
doxically serve simultaneously as adaptive, compensatory 
changes and, by causing myocardial cell death, as major con¬ 
tributing elements in the progression of CHF. Cell death in an 
already overloaded heart adds to the overload on survival 
myocytes in a vicious cycle. Three primary, interlocked vicious 
cycles ultimately result in myocardial cell death (Figure 197-18). 

Increased Left Ventricular Afterload and Myocardial 
Oxygen Consumption (Cycle l) 

Vasoconstriction and increases in cardiac contractility and the 
heart rate help maintain blood pressure but also increase 
MV0 2 . Increasing cardiac MV0 2 accelerates myocardial cell 
death. Wall stress (a function of afterload), contractility, and the 
heart rate are the main determinants of MV0 2 - Myocardial 
hypertrophy reduces oxygen consumption by decreasing wall 
stress during ejection. Hypertrophy caused by increases in 
load, however, does not yield a normal heart. Load-induced 
hypertrophy sets the stage for myocardial death. An increase 
in afterload leads to further left ventricular dysfunction, and 
the patient spirals down until a new, decreased steady-state 
level is reached, where cardiac output is lower and vasocon¬ 
striction is higher than is optimal for the patient. 

Sodium and Water Retention and Increased Left Atrial 
Pressure (Cycle 2) 

Sodium and water retention increase the circulating volume, 
resulting in increases in preload and the left atrial pressure. An 
increase in preload increases cardiac output and helps main¬ 
tain filling pressures but also leads to signs of congestion and 
edema. An excessive preload increases ventricular pressures, 
volume, and wall stress, further adding to the deterioration of 
left ventricular function. 

Left Ventricular and Vascular Remodeling (Cycle 3) 
Stretching of myocardium as a result of overload seems to be 
the initiating signal for adaptive processes to begin in the 
myocardium. This leads to hypertrophy as a result of growth 
factor and proto-oncogene stimulation. 66 Hypertrophy unloads 
the cells of the failing heart by adding new sarcomeres and also 
increases contractility and cardiac output. Unfortunately, 
hypertrophy ultimately leads to cellular abnormalities that 
result in mitochondrial deoxyribonucleic acid (DNA) abnor¬ 
malities and apoptosis (programmed cell death), which hasten 
myocardial cell death. 66 Chronic neuro-endocrine activation, 
especially increases in angiotensin 11 and norepinephrine, and 
increases in afterload lead to left ventricular and vascular 
remodeling. Globally, the remodeling process in the ventricle is 
characterized by progressive left ventricular enlargement and 
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Figure 197-18 Interlocked vicious 

cycles that lead to progression of 
congestive heart failure: increased 
afterload (cycle 1), increased left 
atrial pressure (cycle 2), and ventric¬ 
ular and vascular remodeling 
(cycle 3), LV f Left ventricle. 
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increased chamber sphericity At the cellular level, the remodeling 

process is associated with myocyte slippage, hypertrophy and 

accumulation of collagen in the interstitial compartment, The 
final result of this process is the so-called cardiomyopathy of 
overload. Angiotensin II also causes vascular remodeling, which 
leads to hypertrophy of smooth m uscle ce l Is of th e vessel walls. 125 
Vascular remodeling decreases vessel compliance, thereby 
increasing ventricular afterload. 

Card iomy op a thy of Overload 

Long-term overload-induce hypertrophy in the heart is 
accompanied by myocardial cell death and cardiac fibrosis. 
This progressive and eventually lethal growth abnormality has 
been called cardiomyopathy of overload. 2366 In embryonic 
hearts, growth factors induce protein synthesis, leading to 
normal cell division. Soon after an animal is born, cardiac 
myocytes withdraw from the cell cycle and are no longer able 
to divide, and protein synthesis slows to rates appropriate for 
maintaining and repairing the cells. Stimulation of growth fac¬ 
tors by chronic overload leads to an increase in protein syn¬ 
thesis. The cell cycle, however, remains blocked, and the end 
result is not norma] cell division but abnormal hypertrophy. 
Increases in angiotensin 11, a peptide that is not only a vaso¬ 
constrictor but also a mitogen, appear to be an important 
mediator of the reversal of protein synthesis inhibition in the 
adult heart. 

Overload-induced hypertrophy leads to a state of chronic 
energy starvation in the heart. Because the increase in cardiac 
mass is not accompanied by an increase in capillary vessels, 
the hypertrophied ventricle outstrips its blood supply. The 
cell volume occupied by sarcomeres increases, leading to an 
increased ratio of mitochondria to myofibrils, which can exac¬ 
erbate the energy deficit. The net result is a decrease in capil¬ 
lary density and coronary reserve, with the myocardium 

becoming prone to ischemia, especially in the subendo¬ 
cardium, The relative decrease in oxygen delivery complicates 
the failing heart's increased need for oxygen, wdiich is already 
increased by vasoconstriction and sympathetic activation. 


Hypertrophy and increasing systolic dysfunction are closely 
linked. The ischemia resulting from hypertrophy leads to the 
development of focal fibrosis, which increases the myocardial 
collagen content. The early increase in collagen helps maintain 
systolic function, but it also interferes with diastolic function, 
With progression of the myocardial hypertrophy, the early 
interstitial fibrosis progresses to perimuscular fibrosis, impair¬ 
ing both systolic and diastolic function. Myocardial cell necro¬ 
sis occurs in overloaded hearts in the transition to heart 
failure. Myocyte cell death results not only from necrosis 
(accidental cell death) but also from apoptosis (programmed 
cell death). The activation of proto-oncogenes and the 
increased concentrations of TGF-la that occur in CHF may 
induce apoptosis. Regardless of the cause, myocardial cell 
death occurs in overload-induced hypertrophy, increasing the 
overload in the surviving myocytes in a vicious cycle. 
Cardiomyopathy of overload, therefore, represents an unnat¬ 
ural growth of the adult heart that leads to myocardial cell 
death, progression of myocardial failure, and death. 


SUMMARY 


Heart failure is a state in which cardiac output is inadequate 
to meet the perfusion needs of the metabolizing tissues and 
exercise capacity is limited. It may be the result of inability of 
the heart to eject blood properly (systolic failure) or of inad¬ 
equate ventricular filling (diastolic failure). Correct identifica¬ 
tion of the cause of heart disease and of the mechanism 
leading to heart failure allows the clinician to choose the 
appropriate therapy, thereby improving the prognosis. 

Regardless of the mechanism, CHF is associated with a fall 
in blood pressure and activation of compensatory mechanisms 
aimed at restoring normal arterial blood pressure. These 
mechanisms include neuroendocrine activation and renal 
retention of sodium and water. Vasoconstriction, tachycardia, 
and volume retention are the initial responses of the circulation 
to the fall in blood pressure. Excessive compensatory response 
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may lead to overcompensation, and compensatory mechanisms 
that are beneficial in the beginning become responsible for the 
development of clinical signs. 

Therapy is aimed at modulating the excessively activated 
compensatory mechanisms. The inciting cause of the cardiac 
dysfunction and neuroendocrine activation also stimulates 
myocardial compensation, leading to increased contractility 
and relaxation, sympathetic desensitization, and unnatural 
growth (hypertrophy). Modulation of the unnatural growth 


response with drugs that have growth-inhibitory as well as 
vasodilative properties (e.g., ACE inhibitors and nitrates) may 
delay the appearance of cardiomyopathy of overload and 
improve the prognosis for patients with CHF. Myocyte 
changes determined by overload-induced hypertrophy ulti¬ 
mately lead to myocardial cell death, which further compro¬ 
mises myocardial function. Thus once a certain point of 
myocardial dysfunction is reached, CHF becomes a progres¬ 
sive, irreversible disease. 
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CHAPTER 


Biochemical Markers of Cardiovascular Disease 


Karsten E Schober 


uring the past decade, considerable research has been 
conducted into the use of circulating markers of 
myocardial cell integrity (leakage markers) and of 
specific proteins of cardiac function (functional markers) f their 
diagnostic capability, and their potential to aid therapeutic 
decisions and allow' prognostic risk assessment in patients with 
cardiovascular abnormalities (Box 198-1). Biochemical screen¬ 
ing for heart disease or for definition of the functional status of 
the heart in certain pet populations based on readily available 
circulating marker proteins such as cardiac troponins, natri¬ 
uretic peptides, or endothehn is an attractive hypothesis. 
Moreover, the prospect of identifying dogs and cats with early 
asymptomatic or minimally symptomatic congestive heart fail¬ 
ure (CHF) or patients at risk for sudden deterioration of ongo¬ 
ing disease processes via biochemical testing is exciting from 
several perspectives. For example, it would allow individuals 
without extensive training in cardiology to detect animals with 
cardiac abnormalities more accurately and at an earlier point in 
time. This would permit early therapeutic intervention and 
potentially reduce the morbidity and mortality associated with 
advanced stages of heart disease, while avoiding unnecessary 
treatment of unaffected or mildly affected animals. In addition, 
conditions that currently are still difficult to identify clearly 
with conventional diagnostic methods (e.g., myocarditis, 
ischemic heart disease, and pulmonary hypertension) could be 
detected more specifically. 

Biochemical testing might also help clarify the status of 
animals with equivocal results from other diagnostic modalities, 
such as for dogs with borderline systolic function on echocar¬ 
diography, animals with arrhythmias of unknown origin, or 
dogs with questionable cardiomegaly on thoracic radiographs. 
Other applications might include monitoring of the effects of 
potentially cardiotoxic drugs or of extracardiac disease on 
myocardial integrity and function. 

The advent of biochemical markers also opens a category 
of the pathophysiologic aspect of nonischemic cardiac damage 
that is not yet fully understood or verified. It likely will pro¬ 
vide important prognostic information and may prove useful 
for monitoring the success of treatment or for determining the 
need to change treatment protocols. Screening of certain 
breeding populations for asymptomatic myocardial diseases, 
such as hypertrophic cardiomyopathy (HCM) and dilated 
cardiomyopathy (DCM), may be another possibility. 


LEAKAGE MARKERS 


D 


Circulating markers of myocardial integrity provide evidence 
of cell degradation, supplying the rationale for diagnosis of a 
disease process using such markers. That is, detection of intra¬ 
cellular constituents released into the blood when a cell either 
ruptures or loses membrane integrity allows identification of 
the damaged target tissue. Measurable changes in the serum 
concentration of these markers are determined primarily by the 
markers' molecular mass, intracellular compartmentalization, 
solubility, release kinetics, post-translational modifications, 
and assay characteristics; by local blood and lymphatic flow; 
and by the route by w r hich the markers are cleared from the 
circulation. 

Myocardial cell injury is a common event in the pathogen¬ 
esis of heart failure in dogs and cats. l - 2 Pressure and volume 
overload, hypoxia and ischemia, abnormal neurohormonal 
stimulation, toxins, and cytokines all may cause myocardial 
remodeling, characterized by hypertrophy and dilatation or, at 
the cellular level, by oxidative and mechanical stress, degenera¬ 
tion, inflammation, fiber slippage, apoptosis, necrosis, and fibrosis 
of myocardial tissue that finally results in cardiac functional 
abnormalities. 

Analysis of cardiac leakage markers has progressed from 
measurement of enzymes {e.g., plasma aspartate transami¬ 
nase) to measurement of structural proteins, including cardiac 

troponins (see Box 198-1; Table 198-1). Although commonly 

used diagnostic procedures can serve as the current gold stan¬ 
dard for the assessment of cardiac anatomy and function in 
clinical practice, they most often are inadequate for detecting 
and quantifying minor myocardial cell injury or active 
myocardiaJ damage. 


ALPHA-HYDROXYBUTYRATE DEHYDROGENASE 

(ALPHA-HBDH) ___ 


Lactate dehydrogenase (LD) is a tetrameric enzyme with M 
(muscle) and H (heart) subunits that is responsible for the 
interconversion of pyruvate and lactate as the final step in gly¬ 
colysis. The two subunits are encoded by different genes and 
give rise to five distinct isoenzymes that provide LD with an 
element of tissue specificity. LD-1 has four H subunits, and 
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LD-2 has three H subunits and one M subunit, LD-1 and 
LD-2 form alpha-HBDH, which has some cardiac specificity. 
However, because other sources of LD-1 and LD-2 exist 
[i.e,, erythrocytes, as 
stomach), tissue specificity for the detection of myocardial 
injury is rather poor Reference values for alpha-1 i BDH in dogs 
and cats have been published (see Table 198-1), 3 4 but because 
more specific serum markers of myocardial cell damage are 
available, analysis of alpha-HBDH is no longer recommended 
for the diagnosis of myocardial injury in dogs and cats. 


198-1 






Biochemical Markers of Cardiac Disease 


the brain, kidneys, pancreas, and 
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Leakage Markers 

Cardiac troponin V 
Cardiac troponin T 
Myoglobin 

Creatine kinase isoenzyme MB 
Creatine kinase 

Lactate dehydrogenase isoenzymes 1 and 2 

Aspartate transaminase 

Heart fatty acid-binding proteins 

Clycogenphosphorylase isoenzyme BB 

Myosin fight chain 

Myosin heavy chain 

Plasma oxidase 
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MYOGLOBIN (Mb) 


Myoglobin is a low-molecular-weight heme protein that is 
abundant in cardiac and skeletal muscle but not smooth 
muscle. It is found predominantly in the cytosol of the cell. 5 
Because of its high sensitivity and rapid release after myocar¬ 
dial injury, it has drawn considerable attention in the early 
diagnosis of acute myocardial infarction (AMI) in humans. It 
may be less clinically useful in animals, however, because of its 
low cardiac specificity and rapid clearance after injury, and 
because, compared with humans, dogs and cats have a low 
incidence of ischemic heart disease. 


Functional Markers 

Brain natriuretic peptide 

Atrial natriuretic peptide’ 

Endothelin-1 

Epinephrine 

Norepinephrine 

Renin 

* * 

Angiotensin II 

Aldosterone 

Arginine vasopressin 

Tumor necrosis factor-alpha 

Adrenomeduilin 

C-rea ctive p rotei n 


CREATINE KINASE ISOENZYME MB (CK-MB) 


Creatine kinase (CK) is a dimeric enzyme with M (muscle) 
and B (brain) subunits, each having 381 amino acids. 5 CK cat¬ 
alyzes the transfer of a high-energy phosphate from adenosine 
triphosphate (ATP) to creatine, producing creatine phos¬ 
phate. CK isoenzymes consist of CK-MM, CK-MB, or CK-BB, 

A unique dimeric mitochondrial form not composed of either 
M or B subunits also exists. Each subunit of CK is regulated 
by a distinct gene and is expressed in a tissue-specific manner. 
CK-MB is functionally unbound and cytosolically dissolved 
and is found predominantly in the myocardium 6 in concen¬ 
tration ranges of ] % to 42% of total CK activity of the heart. 
There is a significant difference in the concentration of 
CK-MB between normal and diseased myocardium, 6 depend¬ 
ing on the disease state, the patient's age, the chronidty of 




’Currently one of the most commonly used markers in compan¬ 
ion animals. 


Characteristics and Reference Values * of Circulating Myocardial Leakage Markers in Dogs and Cats 


MOLECULAR 
WEIGHT (kDa) 


TIME TO INITIAL TIME TO TIME TO RETURN 
HALF-LIFE (h) ELEVATION (h)T PEAK (h)t TO BASELINE (d)t 


SERUM 


CATS 
(» - 28 ) 


DOGS 
(n = 40) 


MARKER 


AST (U/L) 
Alpha-HBDH (U/L) 
Mb (ng/mL) 
CfC-MB (ng/mL) 
cTnT (ng/mL) 
cTnl (ng/mL) 


93 


20 


6-12 


18-36 

24-48 


20(12-36) 


26 (14-63) 
26 (3-52) 


3-6 


135 


10 


6-12 


30 (20-44) 
0 ( 0 - 1 . 86 ) 


17,8 


0.25 


1-4 


6-8 


0 ( 0 ) 


1 


86 


2 


12-24 


3-4 


0(0-1.30) 


0 (0-2.48) 


2 


3-8 


12-96 

12-24 


5-14 


0 ( 0 - 0 . 01 ) 


0 


22,5 


2-4 


3-8 


5-10 


0 ( 0 ) 


0 (0-0.93) 


’From Kirbach B et al: Diagnostik von Herzmuskelschaden bei Katzen mit stumpfen Thoraxtraumen iiber biochemist he Parameter im Blue 
Tjerarztl Prax 28 (K):25, 2000; and Schober K et al: Noninvasive assessment of myocardial cell injury in dogs with suspected cardiac contusion. 

J Vet Cardiol 1:17, 1999. 

'After acute ischemic myocardial damage. “0" refers to the lower limit of detection of the assay used {1.0 ng/mL for Mb, 0.5 ng/mL for CK-MB, 
U 1 ng/mL for cTnl [OPUS Troponin i; Dade-Behring Diagnostics, Westwood, Massachusetts), and 0.01 ng/mL for cTnT [ELECSYS 1010 
Troponin T STAT; Boehringer, Mannheim, Germany]). 

AST, Aspartate transaminase; alpha-HBDH , alpha-hydroxybutyrate dehydrogenase; CK, creatine kinase; Mh, myoglobin, CK-MB, CK isoenzyme 
MB (mass determination); cTnT t cardiac troponin T; cTnl, cardiac troponin I. 

Median (2,5th to 97.5th percentile). 
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Release, Degradation, and Clearance 

Both loss of membrane integrity and cell necrosis cause the 
release of cTn from damaged cardiomyocytes. Two basic cTn 
release patterns have been postulated, depending on the type 
of underlying disease, the time to peak damage, and the severity 
of cell injury. In cases of slow disintegration of myofibrils, the 
release pattern may be biphasic, with the cytosolic pool 
released first. If the insult is more severe, a more protracted, 
persistent release from structurally bound stores may occur, 
representing irreversible cell damage. An important question 
is w T hether cTnl and cTnT leaks across the myocardial cell 
membrane in reversible injury, such as transient ischemia 
(reversible injury concept), as postulated by some investiga¬ 
tors. In such cases, only mild cTn elevations and a temporary, 
monophasic release pattern would be expected. 

Early work revealed that cTn first is released as a ternary 
complex of cTnT-TC, which subsequently degrades into binary 
complexes of cTnl-C, free cTnT {with little or no free cTnl), 
and smaller immunologic fragments. However, more recent 
data suggest that troponin may already be degraded into small 
fragments within the myocyte. Once released into circulation, 
N- and C-terminal regions of cTn are particularly vulnerable to 
additional, progressive, and highly variable biochemical modi¬ 
fications, including phosphorylation, complex formation, and 
proteolytic cleavage. The newly formed degradation products 
may alter their recognition by monoclonal antibodies, affecting 
assay performance. Furthermore, different pathologic states 
(e.g,, ischemia, inflammation, toxic injury) result in different 
post-translational profiles of cTn, with cTnl being more sus¬ 
ceptible to postrelease modifications and less stable than cTnT. 

Clearance of cTn is not well documented. As with most 
marker proteins with molecular weights above 20 kDa, 
cTn appears to be catabolized in organs with a high metabolic 
rate, such as the liver and pancreas, and the reticuloendo¬ 
thelial system. The serum half-life of cTnT is approximately 
120 minutes, with a prolonged window of detection due to 
continuous release of cTnT from the myofibrillar pool during 
the myocyte degradation processes. 

Analysis 

Clinicians must be aware of several analytic issues, 
Investigations in animals have demonstrated that both cTnl 
and cTnT immunoassays designed for use in humans can be 
used reliably and specifically to detect myocardial injury in 
dogs and cats, because cTn immu no re activity has been highly 
conserved across species. 19 The monoclonal antibodies used in 
second- and third-generation assays for cTn analysis have no 
known species specificity and no detectable cross-reactivity 
with skeletal muscle isoforms. 

Due to patent restrictions, assays for cTnT are available 
from only one manufacturer; they therefore are relatively 
uniform with regard to cutoff concentrations and precision. 
In contrast, at least 36 different assays for cTnl have been 
approved by the US, Food and Drug Administration {FDA). 
Because of the lack of standardization in cTnl assays, significant 
variability exists in the assay methods and cutoff values used. 
Up to 100-fold differences in absolute concentrations of cTnl 
for a given patient sample have been observed. With so much 
variation, attention must be paid to the assay used when the 
data and results of troponin 1 measurements are interpreted. 
Sample requirements for the different assays also may vary. 
The optimal sample material for most systems seems to be 
serum dotted adequately. The cTnT molecule is stable at a 
room temperature of 4° C and when frozen. Cardiac Tnl is 
more susceptible to early epitope degradation; however, serum 
samples may be stored at room temperature for 4 days with¬ 
out clinically relevant reduction of detectable cTnl concentra- 
tions.*' 8 ' 20 In terms of substate stability for analyns, differences 
between different CTnl assays may, however, exist. 


myocardial stress, and the severity and duration of ischemia. 
Marked upregulation of CK-MB synthesis in cardiomyocytes 
may be seen after myocardial injury despite a decrease in 
absolute CK concentrations. Such dynamic CK-MB alter¬ 
ations may cause a significant elevation of the relative amount 
of CK-MB in ventricular myocardium within several weeks of 
the onset of disease. Circulating CK-MB is not 100% specific 
for cardiac muscle tissue, because a significant portion of 
CK-MB may be expressed in skeletal muscle, the lungs, 
intestines, and spleen. Moreover, CK-MB immunoreactivity is 
not well conserved across species, 7 and species-specific 
immunoassays for CK-MB are not commercially available for 
use in dogs and cats, CK-MB is released early after acute 
myocardial cell damage (see Table 198-1), is inactivated by 
proteolysis in lymph, and is rapidly cleared by the reticulo¬ 
endothelial system. In normal dogs and cats, CK-MB in serum 
is not detectable. 3 4 


CARDIAC TROPONIN (cTn) 


Since the descriptions of the measurement of cardiac troponin 

T (cTn ! ) in 1989 and cardiac troponin I (cTnl) in 1992, analy¬ 
sis of circulating cTn has revolutionized the noninvasive diag¬ 
nosis of acute coronary syndromes in human beings. Cardiac 
troponin levels allow more specific detection of myocardial 
damage than do traditional "cardiac enzymes" such as LD and 
CK-MB. A series of landmark clinical studies has defined cTn 
measurement as the gold standard test for AMI in humans. 

The advantage of cTn lies in its ability to provide an early, 
highly cardiac specific diagnosis of even mi cron ecrotic pathol¬ 
ogy and prognostic risk assessment and to guide therapy. 
Despite the obvious lack of importance of ischemic heart 
disease in small animals compared with humans, studies per¬ 
formed in dogs and cats have suggested similar findings indi¬ 
cating superior efficacy of cTnl and cTnT in the diagnosis of 
myocardial injury in a variety of clinical conditions. 117 

Structure and Function 

The troponin complex is made up of three structurally and 
functionally different proteins (Tnl, TnT, and TnC), which 
exist in different isoforms in both skeletal and cardiac muscle 
but not in smooth muscle. It is located on the thin filament of 
the contractile apparatus that regulates the calcium-mediated 
interaction of myosin and actin. Although both Tnl and TnT 
are present in skeletal muscle (in slow- and fast-twitch fibers) 
and cardiac muscle, they are encoded by individual genes, 
yielding proteins that are immunologically distinct. Cardiac 
troponin T has 276 amino acids and is a structural protein that 
binds the troponin-tropomyosin complex to the actin fila¬ 
ment. Cardiac troponin I is a linear protein with five alpha- 
helices; it has 211 amino acids 18 and is an inhibitory protein 
that regulates muscle contraction. Its phosphorylation causes 
a decrease in the affinity of Ca 7+ for the calcium-bindingTnC, 
leading to inhibition of actomyosin ATPase activity. Cardiac 
Tnl Is uniquely specific to the heart, containing an additional 
31-amino-acid sequence on its N-terminal region. The 
remaining amino acid sequence shows approximately 40% 
dissimilarity from skeletal muscle forms. In the cardiomy- 
ocyte, the troponins are compartmentalized into a major, 
structurally bound pool and a minor, free cytosolic pool, esti¬ 
mated at 6% to 8% for cTnT and 2% to 6% for cTnl. This 
cellular distribution determines release kinetics, with free 
cytosolic proteins released earlier The third protein of the 
troponin-tropomyosin complex, TnC, has only two isoforms 
(160 and 161 amino acids) and is an 18 kDa protein with 

calcium-binding properties. The complete homology between 
the cardiac and the skeletal muscle isoforms of TnC has 
limited its diagnostic value. 
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Figure 198-1 Serum cardiac troponin 1 concen¬ 
trations in 129 dogs with congestive heart failure 
(*, dilated cardiomyopathy; ♦, congestive heart 
failure of other cause), 31 cats with hypertrophic 
cardiomyopathy, and 67 dogs with the clinical 
suspicion of acute myocardial necrosis of non¬ 
car diomyopathic origin based on the occurence 
of venticular arrhythmia. Zero CTnl refers to 
the lower limit of detection of the immunoas¬ 
say used (0,1 ng/ml; OPUS® Troponin I, Dade- 
Behring Diagnostics Inc., Westwood, MA), 

From the veterinary medical database of the 
Department of Small Animal Medicine, 
University of Leip zig and reference 2 with 
permission. 
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Reference Intervals and Clinical Cutoff Values 

In healthy dogs and cats, the background level of cTn in the 
circulation appears to be undetectable (see Table 198-1). 
Several clinical studies, involving more than 331 dogs 4 1507 - 2] 

and 150 cats , 3 - 10 - 1 721-23 have shown that both cTnl and cTnT 
are below the detection limit of the assay used or occur only 
in trace amounts in the peripheral circulation. However, 
because of the very high sensitivity of second- and third- 
geDeration immunoassays, minimal elevations of cTn may occur 
in obviously healthy animals as a result of strenuous exercise 
or non cardiac disease. This is particularly true for cTnl. To 
distinguish between minor myocardial ceil damage (so-called 
mieronecrosis) and major myocardial injury, two cutoff points 
were suggested for clinical use in humans: the upper reference 
limit, defined as the 97,5th percentile of the values measured 
in the normal control population, and a higher limit, indicat¬ 
ing clinically relevant myocardial damage. Given the difficul¬ 
ties m objectively defining the latter value and the currently 
used, rather liberal thresholds, it is not clear whether the exact 
magnitude of troponin elevation is indeed essential for clinical 
decision making. From the clinician's point of view, it appears 
that characterizing patients as "troponin negative/mildly ele¬ 
vated" or "troponin positive/moderately to severely elevated" 
and dynamic monitoring of cTn concentrations are most 
useful for diagnosing and semiquantifying myocardial necrosis 
and for making a subsequent risk assessment. 

Sensitivity and Specificity 

When the most current assays are used, cTnl is elevated 
earlier and more frequently than cTnT in a variety of clinical 
conditions in dogs and cats, as confirmed by m eta-analysis 
using 500 simultaneously measured serum samples . 2 
Circulating cTn is highly specific for myocardial cell injury. 
Correlation of histopathologic findings with biochemistry 
results showed that elevated cTn values can be directly related 
to evidence of cardiac myonecrosis in dogs.* 

Comparative values for differences in the level of cardiac 
specificity between cTnl and cTnT have not yet been defined 
in animals. In humans, however, both markers demonstrated 


equivalent specificity for myocardial damage, The author 
believes that cTnl has some advantage in terms of sensitivity, 
whereas cTnT appears to have a stronger association with the 
patient’s outcome. 

Circulating Cardiac Troponin in Disease 

The diagnostic benefit of assessing myocardial injury in dogs 
and cats through cTn analysis has been shown in numerous 
studies (Figure 198-l). 25 '7-i2,i5,iG p 23 Circulating cTn levels 

are frequently above normal in different clinical settings 
(Box 198-2), even in disease states in which acute myocardial 
necrosis is not a prominent aspect, such as dilated cardiomyo¬ 
pathy, chronic CHF, cardiac contusion, pericardial disease, or 
cardiac injury in critically ill patients. In general, increased con¬ 
centrations of cTnl or cTnT in circulation reflect myocardial 
damage; thus cTn serves as a means to detect both major and 
minor injury. An association exists between the magnitude of 
myocardial damage and serum concentrations of cTn in acute 
situations; this has been verified by histopathologic testing in 
canine myocardial infarction, 5 Ziuzj6 gastric dilatation-volvulus 
syndrome (GDV), 8 canine myocarditis, 2 - 1516 and dogs with 
sepsis. 2 In chronic myocardial disease, however, this relationship 
is not as obvious, for several reasons. Only minor myocardial 
injury may be present at the time of cTn determination; also, 
permanent leakage of cTn leads to a significant reduction in the 
tissue concentration of cTn over time. 13 Therefore absolute 
levels of circulating cTn do not necessarily represent the amount 
of irreversibly damaged myocardium in chronic situations. 

In symptomatic canine DCM, 2 ^ 16 circulating cTn is 
increased in a significant number of patients (see Figure 198-1), 
with rather minor elevations being the most common fin cl¬ 
ing. 2 ' 9 ' 16 ' 21 Serial monitoring of cTn has revealed different 
release patterns (Figure 198-2) that not only define the status 
of the failing heart with regard to acute myocyte damage, but 
also provide prognostic information. Progressive left ventricu¬ 
lar (LV) remodeling, a hallmark of DCM, leads to intermittent 
or permanent leakage of cTn into the circulation. In addition, 
the presence of coronary artery disease with small myocardial 
infarctions, focal myocarditis, and increased wall strain may 
contribute to cTn release in heart failure. Elevated concentra¬ 
tions of circulating cTn in such patients reflect ongoing degra¬ 
dation of the contractile apparatus. Presumably, continuous loss 


“References 2, 5, 1, 8, 12-14, and 16. 
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Clinical Conditions Associated with Elevated Circulating Markers of Myocardial Leakag 
Recently Reported in Dogs and Cats 


e 


Primary Myocardial Disease 

Idiopathic dilated cardiomyopathy 
Hypertrophic cardiomyopathy 
Myocardial contusion 


Systemic Disease 

Gastric dilatation-volvulus syndrome 


Renal failure/uremia 
Babesiosis 

Body trauma 

Hyperthermia 


Ischemic Myocardial Disease 

My oca rditi s/e n do myoca rd it i s/ 
endocarditis 


Neurologic Disease 

Subarachnoid hemorrhage 

responsive meningoencephalitis 


Congenital Heart Disease 

Patent ductus arteriosus 
Subaortic stenosis 


Epilepsy 


Degenerative Cardiac 
Valve Disease 

Mitral valve endocardiosis 


Endocrine Disease 

Hyperthyroidism 


Neoplasia 

Splenic mass 
Lymphosarcoma 
Doxorubicin chemotherapy 


Pericardial Disease 

Pericarditis 
Pericardial effusion 


of cTn facilitates the process of myocyte dysfunction that 
accompanies the spontaneous progression of heart failure. 
In humans, an inverse relationship between peak cTn values and 
LV function, as assessed by echocardiography, has been reported, 
and detectable cTn was associated with an adverse prognosis, A 
similar situation may be expected in animals. Clinical improve- 

signs of CHF is associated with normalization of cTn 

a biochemical target in the manage¬ 
ment of DCM. Therefore dynamic monitoring of 
recommended in animals with heart failure 
- Detectable cTn concentrations in blood with asymp¬ 
tomatic DCM is a rare event that recently was described in 
only one of 28 affected dogs, 2016 For this reason, screening of 
selected populations of dogs for DCM based 

does not seem to provide any advantage over commonly used 
diagnostic methods. However, with further improvement of 


test sensitivities and with large-scale clinical trials in affected 
breeds, more promising findings may be anticipated. 

Analysis of cTn may also be useful in cats with HCM, pri¬ 
marily to identify animals suspected of having inflammatory 
myocardial lesions or ischemic heart disease as a result of 
microvessel pathology or intramural coronary artery embolism. 
Circulating cTn is detectable in almost all cats with HCM, 
regardless of whether heart failure is present. 21019 ' 21 - 23 Cats 
with CHF have higher cTn levels than cats with no clinical signs 
or those with a history of heart failure. 10 Further studies 
needed to determine whether serum cTn levels may be used 
to differentiate HCM from other types of cardiomyopathy i 
cats and to obtain reliable prognostic information. 

Monitoring of animals undergoing chemotherapy for signs 
of cardiotoxicity of antineoplastic drugs may be another premia- 
ing application of cTn analysis. A small-scale clinical trial in dogs 


levels, which 


may serve as 


are 


in 


cTn analysis 


on 


Figure 198^2 Different patterns of cardiac troponin I 
release in 4 dogs with dilated cardiomyopathy PCM). 

Pattern 1: High initial CTn] with fast decrease to 
mildly, but persistently elevated CTn! (German shep- 
hard dog, male, 10 years of age with acute congestive 
heart failure, prolonged episodes of ventricular tachy¬ 
cardia, and finally complete AV-block); a Pattern 2: 
Mildly elevated baseline value of CTTnl with fasti: 
despite medical management (German shepherd dog, 
male, 9 years of age with atrial fibrillation and slow 
onset of heart failure but fast progression and early 
death); * Pattern 3: Persistently low serum levels of 
cTni (Great Dane, female, 8 years of age with atrial 
fibrillation); a Pattern 4: Undetectable circulating CTni 
for an advanced period of time with fully compensated 
DCM (Great Dane, male, 6 years of age with persistent 
atrial fibrillation and late onset of congestive heart fail¬ 
ure). Zero CTni refers to the lower limit of detection of 
the immunoassay used (0,3 ng/ml; OPUS® Troponin I, 
Dade-Behring Diagnostics Inc, Westwood, MA). t, 
died. (Recently unpublished observations). 
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20 


Figure 198-3 Cardiac troponin 1 release in 2 dogs 

with suspected acute myocardial necrosis. *, Bobtail, 
male, 9 years of age with a splenic mass and polymor¬ 
phic ventricular arrhythmia on days 0, 1, and 2. 
Splenectomy was done on day ]. ■, Doberman pin¬ 
scher, female, 2 years old with acute spinal cord trauma 
on the day before admission and ventricular arrhythmia 
prior to and after surgery done on day 0. Zero CTnJ 
refers to the lower limit of detection of the immunoas¬ 
say used [CU ng/ml; OPUS® Troponin l, Dade-Behring 
Diagnostics Inc, Westwood, MA). (Recently unpub¬ 
lished observations). 
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with lymphosarcoma has provided evidence of detectable 
myocardial injury at cumulative doses of doxorubicin of at 
least 150 mg/m 2 . 6 It has been recommended that serum cTriT 
levels be analyzed 2 to 3 weeks after each dose of doxorubicin 
beyond a 90 mg/m 2 cumulative dose. Elevations of cTn may 
accurately predict the future development of LV systolic dys¬ 
function and ventricular arrhythmias in dogs with anthracy- 
cline chemotherapy 

Subendocardial injury caused by increased myocardial stress 
can induce a rise in cTn in patients with arterial hypertension, 
tachycardia, aortic and pulmonic stenosis, 2 volume overload, or 
pulmonary embolism. Alternatively, increased serum concen¬ 
trations of cTn may occur after severe blunt trauma to the 
thorax that causes myocardial contusion 34 * 9 or in response to 
severe hypotension or the release of endogenous substances in 
critically ill patients (e.g., in animals with multiple organ dys¬ 
function syndrome in GDV or after septic shock). 2 -® The clini¬ 
cal usefulness of serial cTn analyses in detecting myocardial cell 
injury, predicting electrocardiographic abnormalities, and 
identifying patients at high risk for a fatal outcome has previ¬ 
ously been reported in dogs with GDV. a In those studies, the 
predictive abilities of cTnl and cTnT for an adverse outcome 
were comparable. Furthermore, increased levels of cTn were 
observed in dogs with pericardial disease, 2 - 16 - 24 suggesting involve¬ 
ment of the myocardium in ischemic, degenerative, or inflam¬ 
matory processes, and in animals with cerebrovascular events 
and splenic masses (Figure 198-3), most likely due to myocar¬ 
dial necrosis secondary to abnormal catecholamine release. 

Monitoring of circulating cTn may also be useful for 
mg myocardial cell damage caused by DC cardioversion or inter- 
ventiona] cardiac procedures. In addition, cTn analysis has been 
used to detect myocyte injury in clinically suspected myocarditis 
and endomyocarditis in dogs 2 and in experimental myocarditis 
in laboratory animals. However, the diagnosis of myocarditis can 
be confirmed only by immune histochemical techniques using 
tissue samples, which makes unambiguous clinical diagnosis 
based on elevated cTn concentrations difficult. The extent to 
which knowledge of the troponin status could affect medical 
care under these conditions deserves further investigation. 


humans and preliminary findings in dogs 25-34 and cats 35 37 with 
heart disease indicate that biochemical markers of cardiovascular 
function, such as natriuretic peptides (NPs) and endothelin 
(ET), as well as circulating catecholamines, vasopressin, aldos¬ 
terone, and cytokines; including tumor necrosis factor-alpha 
(TNF-alpha), can be used to identify patients with heart disease, 
to predict disease severity, to monitor therapy, and to obtain 
prognostic information. In the near future, routine immunoas¬ 
says for functional marker proteins may provide a preliminary 
test of cardiac performance and may permit clinicians to 
carefully select patients for further investigation and treatment. 

Natriuretic Peptides 

Natriuretic peptides belong to a unique family of naturally 
occurring, structurally similar, but genetically distinct hormones 
that share a central loop containing 17 amino acids closed by 
a disulfide bond between 2 cysteine residues, with variable 
carboxy-terminal and amino-terminal tails. The NPs include 
atrial natriuretic peptides (ANP), brain natriuretic peptides 
(BNP), C-type natriuretic peptides (CNP), dendroaspis natri¬ 
uretic peptides (DNP), and urodilatin. The NPs act as key 
regulators of salt and water homeostasis and blood pressure 
control. They have potential value as diagnostic and prognostic 
markers and as therapeutic tools for several clinical conditions 
associated with expanded fluid volume, such as CHF. 

Atrial Natriuretic Peptides and Brain Natriuretic Peptides 

Structure ANP is typically produced by the left and right 
atrium but may also be expressed in the ventricular myocardium, 
particularly with ventricular hypertrophy or myocardial 
Ischemia. ANP transcripts also may be present in noncardiac 
tissues. ANP is synthesized 

153 amino acids in cats. 30 After cleavage of a 25-amino-arid 
signal peptide, the precursor pro ANP, consisting of 128 
acids, is stored in atrial myocyte granules. In response to 
adequate stimulus, pro ANP is split by a membrane-bound pro¬ 
tease into inactive 98-amino*add N-terminal (NT)-proANP 
and biologically active 30-amino-add C-terminal ANP on an 
equimolar basis and released into the blood. NT-proANP may 
be further cleaved into smaller, endocrinol ogically active frag¬ 
ments. 30 The amino arid sequences of ANP and CNP have been 
highly conserved across species. Canine and human mature 
ANP are structurally very similar. 

Under normal conditions, BNP is produced primarily in the 
cardiac atria, with very little synthesis in the ventricles, in cardiac 
pathologies with chronic pressure or volume overload or ven¬ 
tricular hypertrophy, ventricular myocytes become the major 
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FUNCTIONAL MARKERS 






Since the discovery of atrial natriuretic peptide more than 
20 years ago, it has been apparent that the heart is not only a 
simple pump, but also a true endocrine organ that releases spe¬ 
cific hormones in response to defined stimuli. Recent studies in 
















| SECTION XI * Cardiovascular System 


946 


source of BNP. Minor extracardiac BNP production has also been 
reported. Unlike with ANP, regulation of BNP synthesis and 
excretion occurs mainly at the level of gene expression . Cardiac 
BNP is stored to a much smaller extent than ANP {coexisting 
with ANP in granules of atrial and ventricular myocardium) 
therefore increased BNP release requires increased synthesis! 
BNP arises from a single precursor pre-proBNP molecule 
containing 132 amino adds in cats. 3 ^ The signal peptide has 
26 amino add residues, followed by 106 amino adds of proBNP 
This peptide is further processed into mature, active BNP that 
has 35 amino add residues at the C-terminus, with likely 26 and 
29 amino add isomers. The biologically inactive peptide, 
NT-proBNP, has 71 amino adds in cats 3& BNP and NT-proBNP 
are secreted into the circulation in equimolar quantities. Mature 
BNP in dogs and humans has only 32 amino acid residues. In 
contrast to ANP, there is much variability in the length and struc¬ 
ture of BNP across species, and the predominant forms differ 
considerably resulting in variations in cross-species actions. 


endopeptidase 24,11 (NEP) 


in a competitive fashion. 
However, enzymatic degradation via NEP does not seem to be 

important for N-terminal fragments, resulting in longer 

half-lives, A small amount of the NPs is accounted for by renal 

elimination {less than 15%) and other nonspecific degradative 

enzymes. The liver, lungs, and especially the kidneys are major 
sites of extraction of the NPs. 


as 


Analysis, storage, and reference intervals Currently, no 

exists on the best procedure for measuring NPs in 
humans and animals, because determination by different 
immunoassay methods is affected by several analytic prob¬ 
lems concerning a lack of sensitivity, specificity, and precision. 
Commercial assays are not yet standardized, and the results 
obtained with assays from different manufacturers may differ 
markedly, affecting reference intervals and decision limits. 
Commonly used assays for measuring NPs are either competitive 
immunoassays radioimmunoassay [R1A] and electroimmuno¬ 
assay IE1AD or noncompetitive sandwich immunoassays 

{IRMA and E1MA). RIA methods use radiolabeled tracers and 
usually require 


consensus 




Physiologic actions The principal function of NPs is to 
protect the cardiovascular system from volume overload. The 
major biologic effects of ANP and BNP are qualitatively 
similar and include potent natriuresis, diuresis, and balanced 
vasodilatation. Both NPs antagonize the renln-angiotensin- 
aldosterone system {RAAS) and the sympathetic nervous 
system (SNS), inhibit the release and action of vasopressin, 

prevent myocardial fibrosis, and modulate cell growth and 
myocardial hypertrophy. In addition to the many other impor¬ 
tant actions of natriuretic peptides, ANP, in particular, 
enhances vascular permeability, causing redistribution of plasma 
volume to the extravascular space. The biologic actions of NPs 
are mediated by two specific receptors, natriuretic peptide 
receptor type A fNPR-A) and natriuretic peptide receptor 
type B (NPR-B), A third natriuretic peptide receptor, NPR-C, 
mainly acts as a clearance receptor, NPRs are widely dis¬ 
tributed throughout the body and can be found in the heart, 

kidneys, vascular endothelium and smooth muscle, adrenals! 
and central nervous system. 

Release, metabolism, and clearance ANP secretion is con¬ 
trolled by immediate release from previously synthesized atrial 
storage granules in direct proportion to atria] stretch, 25 ' 26 - 2931 -^ 
which occurs during intravascular volume expansion. Only a 
minor part is derived from newly synthesized hormone. A 
second stimulus for ANP secretion is an increase in the heart 
rate, 26 3 ] 35 The plasma concentration of ANP therefore can 
change rapidly in response to acute alterations in posture, 
volume loading, or tachycardia. Thus ANP is a good marker of 
acute volume overload or of rapid hemodynamic changes. 
Release of BNP is chiefly controlled at the transcription level, 
with increased secretion preceded by an increase in messenger 
ribonucleic acid (mRNA) production. Therefore, in contrast to 
ANP, a longer term stimulus is required to increase plasma BNP 
concentrations; this makes BNP blood levels less susceptible to 
wide fluctuation in response to short-term external stimuli. The 
production and secretion of BNP are regulated by myocardial 
stretch and wall tension, primarily that induced by volume 
load. Circulating BNP is also increased in ventricular dysfunc¬ 
tion and in states of ventricular hypertrophy (even in the 
absence of elevated intraventricular pressure). Atrial production 
of BNP occurs within 60 minutes of stretch, whereas ventricu¬ 
lar production of BNP is stimulated within a few hours. In 
humans, the plasma half-life of ANP and BNP is approximately 
1 to 3 minutes and 20 to 22 minutes, respectively, and that of 
both N-terminal peptides is 60 to 120 minutes. 

Clearance of NPs occurs through two major mechanisms: 
first, binding to NPR-C, which is followed by endocytosis 
and subsequent lysosomal degradation, and second, degrada¬ 
tion by the nonspecific membrane-bound enzyme neutral 


time-consuming extraction step before NPs 
can be measured. In addition, the detection limit of RIA tends 
to be higher than that of IRMA. IRMA methods are generally 

highly sensitive and more specific, and extraction and purifica¬ 
tion of plasma samples 


are not required, NT-proANP and 

NT-proBNP are larger molecules than the C-terminal biologi¬ 
cally active peptides, which makes it easier to use immuno- 
metric assay design to measure them. In addition, much higher 
plasma concentrations of the N-terminal fragments (20 
50 times) and longer plasma half-lives lead to high analytic 
precision. Unlike the universal nature of ANP antibodies, anti- 
b odies for BNP are sp ecies specific The refore, i n co n trast to 
assays for ANP and NT-proANP, C- or N-terminal human BNP 
assays cannot be used in dogs and cats. 

The in uitro stability of BNP, NT-proBNP, and proANP in 
ethylenediamine tetra^acetic acid (EDTA) in whole blood at 
room temperature is sufficient for routine use. BNP is stable for 
up to 72 hours, even in the absence of aprotinin. NT-proBNP 
and proANP appear to be stable for up to 48 hours, and 
NT-proANP for 6 hours, in whole blood. ANP is stable only 
for 2 to 3 hours in blood at room temperature, it is stable for 
up to several months in plasma frozen at -80 D C 

Because of the lack of assay standardization and the differ¬ 
ences in methodology, no generally applicable reference intervals 
for NPs and their N-terminal prohormone fragments can be 
defined. In addition, normal plasma concentrations of NPs have 
been shown to increase with age 37 and to be dependent 
gender and body weight, 27 Thus reference limits vary, depending 
on the nature of the control population and the assay used. In 
genera], circulating ANP and BNP concentrations in normal sub¬ 
jects are very low, ranging from 3 to 15 pmol/L* for different 
assays, with plasma BNP being lower than ANP, Unlike ANP, cir¬ 
culating BNP does not generally show rapid and wide fluctua¬ 
tions in healthy subjects. A cutoff point for BNP (23 pmol/L) for 

the detection of heart fail ure in hu m ans more th an 5 5 years of 
age was recently suggested (ENP-Triage; Biosite Diagnostics, San 
Diego, California). Small-scale clinical trials in healthy dogs 
reported similar values for plasma ANP 25 - 2 ^ * 1 using a human 
RIA {means between 10 and 22 pmol/L] and for plasma BNP 
using a porcine RIA 2 ^ 27 (means of 7,0 and 13.6 pmol/L). 
Preliminary RIA studies in healthy cats revealed a normal BNP 

range of 1,6 to 8.3 pmol/L (mean, 3.3 pmol/L). 35 As mentioned 
earlier, the plasma concentrations of N-terminal NPs are much 


to 


on 


* Equivalent units of measurement can be determined as follows: 

1 pmol/L of ANP = 3.1 pg/mL; 1 pmol/L of BNP = 3,5 pg/mL; 1 pmol/L 
of NT-proANP = 10.5 pg/mL; and 1 pmol/L of NT-proBNP = 8,6 pg/mL, 
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higher than those of ANP 25 and BNP. The NT-proANP concen¬ 
tration has been reported in normal pets (mean, less than 
MX) pmol/L in dogs 2527 ; and 540 pmol/L in cats), 35 and an opti¬ 
mal cutoff point for cardiac decompensation in Cavalier King 
Charles spaniels with chronic mitral valve disease (MVD) has 
been suggested (700 pmol/L). 25 


Circulating NP levels have been shown to correlate with the 
class of heart failure in dogs, 25 2fii29 3113 and their measurement 
may allow veterinarians to offer pet owners a more accurate 
long-term prognosis. Elevated concentrations of BNP and NT- 
proBNP were found to be independent predictors of increased 
mortality in humans with CHF and both systolic and diastolic 
dysfunction. In addition, BNP correlates with right and left 
ventricular mass and may potentially be used as a marker for 
ventricular remodeling in hypertension and HCM. ANP as well 
as BNP may also be clinically useful as a biochemical discrim¬ 
inators of cardiogenic and noncardiogenic cough and dyspnea. 

As congestion in heart failure is relieved, the levels of ANP 
and BNP rapidly regress, 29 thus serial analyses of plasma NPs 
might also prove useful as a guide to therapy in chronic CHE 
Moreover, determination of circulating NPs may be used to 
identify patients that would likely benefit from therapeutic 
angiotensin-converting enzyme (ACE) inhibition or beta- 
receptor blockade. In the future, the treatment of patients 
with CHF may be tailored by neurohormonal profiling. 

Other Natriuretic Peptides 

C-type natriuretic peptide is primarily secreted by vascular 
endothelial cells and has local vasodilatatory and antiprolifera¬ 
tive effects. It is usually undetectable in cardiac tissue. DNP was 
first isolated from the venom of the green mamba snake but has 
also been found in human plasma. Its importance in small 
animal cardiology has not yet been determined. Urodilatin 

(ANP 95-126) is localized in the kidney and secreted into the 
urine. It is a paracrine factor involved in the local regulation of 
body fluid volume and water and electrolyte excretion. 
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Circulating Natriuretic Peptides in Disease 
In general, the plasma concentrations of the NPs are increased 
tn disease states characterized by an expanded fluid volume, 
reduced renal clearance of the peptides, and stimulation of 
peptide production (e.g., disease states caused by ventricular 
hypertrophy or myocardial strain, tachycardia, hypoxia, ectopic 
production from tumor, or excessive circulating glucocorticoid 
or thyroid hormones). However, the most promising use of NPs 
may be in their diagnostic potential as functional markers of 
cardiac disease. As with increased levels of circulating cTn, 
ANP and BNP are not specific for a particular cardiac pathol¬ 
ogy. Plasma levels of NPs are increased in many disease states, 
including chronic MVD, DCM, pacing-induced heart failure, 
aortic stenosis, congenita! heart disease, and dirofilariasis in 
dogs 25 26 29 3 3 ' 24 and in different types of cardiomyopathy in cats 35 
In addition, elevated concentrations of NPs have been demon¬ 
strated in humans with AMI, hypertension, supraventricular 
tachycardia, cardiac amyloidosis, myocarditis, right ventricular 
dysfunction and hypertrophy due to chronic respiratory disease, 
renal failure, and severe LV diastolic dysfunction. 

Considering that ANP originates primarily from the atria 
and BNP from the ventricles, increased circulating levels of 
these peptides may reflect different abnormalities. Thus, 
depending on the underlying disease process in heart failure 
patients, the secretion pattern of ANP and BNP may vary. ANP 
and NT-proANP have been shown to be more useful than 
BNP in the overall assessment of disease severity in chronic 
MVD 25 and cardiac abnormalities characterized by acute 
volume overload. In addition, particularly high concentrations 
of NT-proANP have been reported in patients with DCM and 
atrial fibrillation compared with DCM and sinus rhythm. 
However, BNP is more sensitive than ANP in detecting chronic 
LV systolic and diastolic dysfunction and ventricular hyper¬ 
trophy of any cause. BNP secretion increases in proportion to 
the severity of LV dysfunction, 32 The negative predictive 
value is the strongest feature of this peptide in humans (more 
than 90%); however, the reverse is not true, because the posi¬ 
tive predictive value is only 30% to 40% in people. BNP analy¬ 
sis may be used as a screening tool, with a value in the normal 
range virtually excluding LV systolic dysfunction. However, anal¬ 
ysis of BNP is not a stand-alone test. An increase in BNP would 
always warrant follow-up examinations, such as echocardiogra¬ 
phy, to identify the underlying cardiac pathology. NT-proBNP 
and BNP appear to be equivalent markers for the detection of 
LV dysfunction, but the N-terminus has some clinical advantage 
with respect to plasma concentration, half-life, and stability, 

In contrast to humans, there is limited evidence in dogs 
and cats suggesting that plasma NPs are useful markers for 
the detection of LV dysfunction in asymptomatic patients. 32 
NT-proANP has been found elevated in only a subset of dogs 
with asymptomatic chronic MVD 25 or DCM 2e despite signifi¬ 
cant cardiac enlargement. However, in cats with hypertrophic, 
restrictive, or unclassified cardiomyopathy and no clinical 
signs, pro ANP, NT-proANP and, in particular, BNP were 
raised. If BNP or its N-terminal fragment emerge as a superior 
diagnostic marker of LV dysfunction in companion animals 
with asymptomatic heart disease, it may also be used for routine 
screening for DCM and HCM in selected, high-risk popula¬ 
tions; however, this requires further confirmation. In humans, 
for the time being, analysis of circulating BNP is the most 
promising biochemical marker for the diagnosis of CHF and 
has shown the best characteristics for a screening test. 
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ENDOTHELIN 


Endothelin (ET) belongs to a family of vasoactive peptides, 
including ET-1, ET-2, ET-3, and ET-4, that are genetically dis¬ 
tinct, ET is composed of 21 amino adds in humans, dogs, and 
cats and is derived from precursors known as pre-proET, which 
has 212 amino add residues. The large precursors undergo 
intermediate cleavage by endopeptidases to form the biologi¬ 
cally inactive proET, also called big ET, Big ET is converted to 
active ET by endothelin-converting enzyme (ECE), which 
exerts its effects either locally or after release into the circula¬ 
tion. The predominant form of ET produced by endothelial 
cells and cardiac myocytes is ET-L It has a wide spectrum of 
biologic actions, which are mediated by three receptor sub- 
types: ET*, ET B , and ET C . ET^ is selective for ET-1, but the 
other receptor types are considered nonselective. ET-1 is a 
strong, long-lasting, balanced vasoconstrictive agent with 
inotropic and mitogenic actions; it is a potent stimulus for acti¬ 
vation of the RAAS and SNS and plays an important role in 
the regulation of vascular tone and blood pressure. 

Release of ET is regulated at the level of gene expression 
and peptide synthesis because cells do not store ET. The ET 
system is activated and synthesis of ET-1 is induced within 
minutes in response to a variety of factors, including pulsatile 
stretch, low shear stress, hypoxia, angiotensin II, epinephrine, 
cytokines, and growth factors. Most ET-1 (about 90%) is 
released from endothelial cells abluminally, where it acts on 
endothelial and smooth muscle cells as an autocrine and 
paracrine mediator. The concentration of ET in vascular tissue 
is approximately 100 times higher than in plasma. The plasma 
half-life of ET-1 in healthy humans is only 1 to 4 minutes 
because it is rapidly cleared from the circulation by ET B recep¬ 
tors, the kidneys, and NEF. The plasma ET-1 level therefore 
may not accurately reflect the synthesis of ET-1. The plasma 
big ET-1 level has been proposed as a more reliable measure of 
ET-1 synthesis because its removal from the circulation is 
slower and less variable. 
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Plasma ET currently is analyzed either by R1A or by enzyme- 
linked immunosorbent assay [ELISA), In healthy humans, the 
plasma ET-1 concentration ranges from 1 to 5 pg/mL, Preliminary 
results from small scale clinical studies in healthy dogs' 10 and 
cats 37 reported mean (±SD) plasma ET-I concentrations of 
2,0/ ±0.15 pg/mL and 0,805 ±0.230 frnol/mL, respectively 
However, many problems are still associated with the 
surement and interpretation of plasma ET-1 concentrations, 
because the assays available are not yet standardized. In dogs, 
plasma ET i mm uno re activity can be broken down as about 
60% big ET-1 f 30% ET-1, and 10% ET-3. 30 Because of marked 
cross-reactivity of the ET antibodies used in current assays, the 
more realistic term ET-like immunoreactivity should be used, 
rather than ‘ET-1 concentration." 

There is compelling evidence that the ET system is acti¬ 
vated in CHF in people, dogs 33 - 40 , and cats 37 and therefore 
may be diagnostically useful Plasma ET-like i mm uno re activ¬ 
ity is increased twofold to tenfold in CHF compared with 
controls, regardless of disease etiology, and the magnitude of 
elevation correlates with hemodynamic compromise and 
functional class in people and small animals. 37 - 40 The pi as 
level of ET appears to be a 


by activated macrophages but is also expressed in failing 
cardiac tissue. TNF-alpha has a variety of biologic effects, 
including induction of cachexia, ventricular systolic dysfunc¬ 
tion, pulmonary edema, and direct myocardial cytotoxicity. 
Moreover, it may play a role in apoptosis, cell dropout, and 
myocardial fibrosis associated with ventricular remodeling, 
leading to progression of heart failure. The bioactivity of 
TNF-alpha and its soluble receptors in serum is likely to be 
increased in patients with chronic CHF, 36 particularly in asso¬ 
ciation with increased severity of disease As such, TNF-alpha 
may be used as a marker of disease progression. In addition, 
increased circulating concentrations of TNF-alpha may pro¬ 
vide a potential target for therapeutic interventions. 

Considerable evidence in humans indicates the presence of 
abnormal endothelial function in patients with CHF, resulting 
in impaired tissue perfusion, myocardial ischemia, and 
lar remodeling. Elevated levels of proinfiammatory cytokines, 
increased vasomotor tone, and reduced vasodilator response to 
exercise may be responsible for the impairment of endothe¬ 
lium-dependent vasodilatation. Nitric oxide [NO), also called 
endothelium-derived relaxing factor (EDRF), has important 
regulatory functions in the cardiovascular system. As with 
NPs, NO is a functional antagonist of ET and angiotensin IT, 
It is expressed in the vascular endothelium and the myocardium. 
In heart failure, endothelial release of NO is impaired and 
myocardial NO synthesis is increased, leading to reduced 
vasoddatation, negative inotropic and chronotropic effects, 
and loss of cardiomyocytes. Circulating NO has previously 
been used as a functional marker of cardiovascular disease in 
humans. Prospective studies in dogs and cats are needed to 

determine the exact role of NO as a circulating biomarker of 
disease. 41 42 


mea- 


vascu- 


ma 


less powerful discriminator 
between patients with asymptomatic or mild CHF and con¬ 
trol subjects with normal function compared with BNP, NT- 
proBNP, and NT-proANP but is equally sensitive for 
predicting short-term mortality. An alternative approach may 
be measurement of the salivary ET concentration In addition, 
ET seems to be important in the pathogenesis of primary and 
secondary pulmonary hypertension, and a close correlation 
between plasma ET-1 levels and the extent of pulmonary cir¬ 
culatory abnormalities has been identified in dogs 40 and 
people. This relationship is unique and deserves further atten¬ 
tion with regard to the diagnostic and therapeutic potential of 
ET-] and ET-1 antagonists in pulmonary hypertension. 


Adrenomedullin is another vasodilating and natriuretic 
peptide that shows increased plasma concentrations with 
heart failure. The blood levels of adrenomedullin correlate 
with the pulmonary artery and pulmonary wedge pressures in 
patients with CHF and therefore may be used as a marker of 
pulmonary hypertension. However, its diagnostic importance 
has not yet been elucidated in companion animals. 


OTHER MARKERS OF CARDIOVASCULAR 
FUNCTION 


TNF-alpha is a proinfiammatory cytokine that seems to be 
involved in the pathophysiology of CHF. It is produced mainly 
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eart failure may be recognized as a clinical end-point i 
nearly all cardiac diseases. Because the underlying 
of the development of heart failure varies significantly 
between species and disease conditions, it is often difficult to 
define heart failure accurately and concisely. In 1994, a panel 
of the National Heart, Lung and Blood Institute concluded^ 

Heart failure occurs when an abnormality of cardiac function 
causes the heart to fail to pump blood at a rate required by the 


H 


metabolizing tissues or when the heart can do so only with an 
elevated filling pressure. The heart's inability to pump a suffi¬ 
cient amount of blood to meet the needs of the body tissues 
may be due to insufficient or defective cardiac filling and/or 
impaired contraction and emptying Compensatory mecha¬ 
nisms increase blood volume and raise cardiac filling pressu res, 
heart rate ; and cardiac muscle mass to maintain the heart's 
pumping function and 

Eventually f ho wetter, despite these compensatory mechanisms , 
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cause 


redistribution of blood flow. 
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are recognized by their owners until very late in the disease 
process. Presumably this may skew our understanding of the 
natural history of canine and feline cardiovascular disease. 
This understanding of disease progression is further clouded by 
the recognition that, depending on the disease process, the first 
clinical event may be the development of systemic thromboem¬ 
bolism, syncopal episodes, or possibly sudden death. 


the ability of the heart to contract and relax declines progres¬ 
sively, and the heart failure worsens , 

Because all cardiac diseases have the potential to produce 
heart failure through similar mechanisms, we frequently view 
their pathophysiology and therapy from a unified perspective. 
Agents that promote preload and afterload reduction are used 
control the clinical signs associated with elevated filling 

and neurohormonal modulators are prescribed to 
the progressive nature of heart disease. This approach 
Hows clinical experience and research to be extrapolated 

wide range of diseases. Although the remainder of this 
chapter is written primarily from a unified perspective, cau¬ 
tion must be exercised to ensure that the variations within 
cardiovascular diseases are not forgotten. 
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NATURAL HISTORY OF CARDIOVASCULAR 
DISEASE 






a 


across a 


Despite decades of treatment of cardiovascular disease in 
companion animals, relatively few studies have reported on 
the survival characteristics of patients afflicted with dilated 
cardiomyopathy,^ 4 mitral insufficiency, 5 and hypertrophic 
cardiomyopathy, 6 The spectrum of clinical signs, therapeutic 
strategies, breed differences, and disease sequelae hampers the 
formation of any sweeping conclusions regarding the natural 
history of these cardiovascular diseases; however, some gener¬ 
alities may be recognized. After dilated cardiomyopathy has 
been diagnosed, the survival curve drops precipitously for the 
first 3 months, with median survival times from two retrospec¬ 
tive studies reported as 27 days and 65 days* 2 ' 3 Months 3 through 
6 continue to see a large number of dropouts, although inter* 
estingly, the curves appear to flatten markedly at approxi¬ 
mately 6 months after the initial diagnosis (Figure 199-2], 
Whether this represents differences in individual responses to 
therapy or in the severity of disease at the time of diagnosis is 
difficult to ascertain. 

Analysis of the survival curves for cats with hypertrophic 
cardiomyopathy presenting with congestive heart failure 

(CHF) or aortic thromboembolism [ATE] that lived for greater 
than 24 hours initially showed a steep slope similar to that seen 
dogs with dilated cardiomyopathy (Figure 199-3], 
Approximately 25% of the CHF group and 40% of the ATE 
group died within 3 months of diagnosis. After 3 months, cats 
presenting for congestive heart failure began to display a less 




PHASES OF HEART FAILURE 


Currently, three distinct phases of heart failure are recog¬ 
nized. Phase 1 constitutes the initial cardiac injury. This phase 
most frequently passes silently, without detectable clinical 
signs, because compensatory mechanisms (phase 2 } are quickly 

activated (Figure 199-1). Ultimately, myocardial hypertrophy 

accounts for the long-term stabilization of cardiac output and 
the normalization of afterload. Unfortunately, the natural 
history of cardiac disease often is progressive, and the heart 's 
ability to hypertrophy is overwhelmed. The previously bene¬ 
ficial short-term compensatory mechanisms now serve only 
to increase both preload (contributing to the development of 
congestion) and afterload (increasing myocardial work and 
oxygen demand). Often a heart murmur, gallop rhythm, cardiac 
arrhythmia, or cardiomegaly may be identified during this 
second phase despite the absence of significant or activity- 
limiting clinical signs. Phase 3 of heart failure is recognized 
by the emergence of clinical signs (e g., exercise intolerance, 
lethargy, coughing, tachypnea] at rest or with minimal activity. 
Veterinary patients apparently do not show clinical signs that 
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Figure 199-1 The short-term compensatory mecha¬ 
nisms that help normalize cardiac output during the 
initial injury often prove detrimental in the face of 
long-standing cardiac disease. 
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Compensatory mechanisms 

1) Sympathetic nervous system 

2) Renin-angiotensin system 

3) Arginine-vasopressin 

4) Renal Na + and water conservation 

5) increase in 2,3-DPG 
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Figure 199-2 Historically the survival of dogs 
with dilated cardiomyopathy has been poor, pre¬ 
sumably because the disease ls significantly 
advanced at the time of diagnosis. Whether earlier 
identification of occult DCM, with subsequent 
administration of n euro hormonal antagonists (beta 

blockers, aldosterone 


(Q 
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c/) 


antagonists, ACE inhibitors} 
or potent positive inotropes (pimobendan), could 
alter this disease course is uncertain. (From 
Tidholm A: Survival and prognostic factors in 189 
dogs with dilated cardiomyopathy. J Am Anim Hasp 

Assoc 33 A t 1997.) 
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steep, linear survival curve that concluded in a plateau several 
years^ after the diagnosis. The survival curve for cats with ATE 
also displayed some flattening after the first 3 months, although 
it ultimately remained linear for the rest of the study period 
The median survival times were 563 days and 184 days 
respectively, for cats with congestive heart failure and those 
with aortic thromboembolism. 6 Cats with subdinical hyper¬ 
trophic cardiomyopathy were significantly more likely to die 
of noncardiac disease (P <0.001) and displayed a linear mor¬ 
tality curve for the first 4 years, followed by a prolonged 
plateau tor an additional 4 years. 6 

Interestingly, although mitral insufficiency is the most com¬ 
monly recognized cardiovascular condition in dogs, the natural 
history and mortality characteristics after the development of 


congestive heart failure have received little attention. 

Investigators for the Long-Term Investigation of Veterinary 

Enalapril [LIVE) study evaluated the time to treatment 

failure for dogs with congestive heart failure treated with 

enalapril and standard medical therapy (furosemide with 

without digoxin) versus those treated with placebo and 

dard medical therapy.* In the mitral insufficiency subgroup, 

the number of dogs remaining in the study randomized to 

placebo mimicked the survival curve of dogs with dilated 

ardiomyopathy. A relatively high dropout rate was seen over 

the first 50 days, followed by a prolonged period of stability. 

1 he data for dogs randomized to enalapril did not display this 

steep dropout rate, but rather formed a linear curve from the 
time of enrollment until 


or 


stan- 


c 


completion of the study. 
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Figure 199-3 The variable presentation and 
treatment regimens associated with feline hyper¬ 
trophic cardiomyopathy make evaluation of survival 

difficult. Not surprisingly, symptomatic cats 
appear to fare worse than those without clinical 
signs, many of which eventually died of noncardiac 
disease. (From Rush JE: Population and survival 
characteristics of cats with hypertrophic cardiomy¬ 
opathy: 260 cases [1990-1999], J Am Vet Med Assoc 
220:2, 2002.) 
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intolerance or subtle changes in the respiratory pattern. Patients 
with right-sided heart failure may be presented for evaluation 
of unexplained weight gain. At the far end of the spectrum 
from acute heart failure are patients that are re-evaluated for 
refractory congestive heart failure despite aggressive medical 
management* These patients may be re-evaluated for recurrent 
signs of congestive heart failure (i.e*, pulmonary edema, pleural 
effusion, or ascites], weight loss and inappetence, or profound 
exercise intolerance and malaise. Effective management of 
acute, chronic, and refractory heart failure requires specific aims 
and strategies that target the appropriate mechanisms. 


INFLUENCES ON THE NATURAL HISTORY 






Unlike in the management of heart disease in humans, veteri¬ 
nary medicine has the profound ability to influence the natural 
history of cardiovascular disease in companion animals through 
the use of euthanasia. The ready access to euthanasia in veteri¬ 
nary medicine not only influences patients' survival times, but 
also may alter the clinician s responsibilities in treating the heart 
failure. A study by Mallery et al. 7 evaluated the factors that con¬ 
tributed to clients' decision for euthanasia for 38 dogs with con¬ 
gestive heart failure. The most important factors cited were a 
perceived poor prognosis (37%), recurrent signs of congestive 
heart failure (26%), and poor quality of life (13%). Common 
contributing factors included weakness (76%), anorexia (68%), 
recurrent clinical signs of congestive heart failure (55%), and a 
poor prognosis (42%) 7 These findings suggest that the goals of 
the practitioner should include careful client education before 
and after initiation of medical therapy, along with efforts to 
improve the patient's strength, appetite, and quality of life, pos¬ 
sibly at the expense of prolonged survival. 
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TREATMENT STRATEGIES 


Management of Acute Decompensated Congestive 
Heart Failure 

Dogs with dilated cardiomyopathy or mitral regurgitation 
often present with acute onset of coughing, dyspnea, restless¬ 
ness, orthopnea, and weakness subsequent to the develop¬ 
ment of severe pulmonary edema and/or low cardiac output. 
The immediate priorities in these patients are resolution of 
the pulmonary edema, maintenance of adequate tissue perfu¬ 
sion pressure, and adequate delivery of blood flow to vital 
tissues. These goals must be achieved quickly, therefore it is 
important that the practitioner use drugs with proven hemo¬ 
dynamic benefits and a rapid onset of action. 

Oxygen Supplementation 

As left atrial and pulmonary capillary pressures increase and 
the lymphatics' capacity to remove fluid is overwhelmed, the 
interstitial space and alveoli become flooded. Because these 
flooded alveoli lack ventilation and represent areas of func¬ 
tional shunting, oxygen administration must be combined 
with agents that effectively lower pulmonary venous pressure. 
Oxygen can easily be administered to compromised patients 
by provision of an oxygen-enriched environment (he., oxygen 
cage) or by use of nasal insufflation, achieving maximal inspired 
oxygen concentrations of 40% to 90%, respectively. 

Reduction of Pulmonary Venous Pressure 
Rapid reduction of pulmonary venous pressure is most readily 
achieved through use of a combination of intravenous (IV) 
drugs that lower the circulating plasma volume and redis¬ 
tribute the intravascular volume. Intravenous Furosemide (2 to 
8 mg/kg) should be administered to dogs with severe pulmonary 
edema to promote natriuresis and diuresis quickly. These large 
doses may be repeated (initially every 1 to 2 hours) until the 
respiratory rate and dyspnea start to decline. After stabilization, 
the dose should be reduced (2 to 4 mg/kg every 8 to 12 hours), 
because excessive administration may lead to profound dehydra¬ 
tion, electrolyte depletion, renal failure, low cardiac output, and 

circulatory collapse. 

Drugs that decrease preload (to combat congestion) and 
afterload (to decrease myocardial work) are administered con- 

tly with furosemide. Intravenous sodium nitroprusside is 
a potent, ultra rap id, balanced vasodilator that seems to reduce 
pulmonary venous pressure quickly and effectively. When used 
in animals with congestive heart failure, nitroprusside decreases 
right atrial and pulmonary capillary wedge pressures and sys¬ 
temic vascular resistance and increases cardiac output,® 
Although hypotension and tachycardia are reported side effects, 
the reduction in systemic vascular resistance (SVR) is theoreti¬ 
cally associated with an increase in cardiac output (CO) that 

to maintain systemic arterial blood pressure (BP = SVR 
x CO). Nausea, vomiting, and cyanide toxicity during prolonged 
administration are other reported side effects. Because of its 
short half-life, nitroprusside, mixed with 5% dextrose, must be 
administered by constant-rate infusion (CRI). After institution 


CLASSIFICATION OF HEART FAILURE 




Some measure of subjective criteria must be used to classify 
the degree of disability in veterinary patients in order to opti¬ 
mize the management and understanding of heart failure. 
Because the human classification system is based on signs and 
symptoms evident at rest and during exercise, it does not 
easily correlate with disease in often sedentary veterinary 
patients. The International Small Animal Cardiac Health 
Council has devised a classification scheme based on anatomic 
diagnosis and the severity of clinical signs at rest. 






Asymptomatic Patient 

Heart disease is detectable, but the patient is not overtly 
affected and does not demonstrate clinical signs of heart failure. 
Diagnostic findings could include a cardiac murmur, arrhyth- 

cardiac chamber enlargement detected by radiography 


rrua, or 

echocardiography. The subcategories of this stage are: 

* No signs of compensation (e.g., volume or pressure over¬ 
load ventricular hypertrophy) are evident, 

* Radiographic or echocardiographic evidence of compensa¬ 
tion (e.g., volume or pressure overload ventricular hyper¬ 
trophy] is present. 


or 


Mild to Moderate Heart Failure 

Clinical signs of heart failure are evident at rest or with mild 
exercise and adversely affect the quality of life. Typical signs 
of heart failure include exercise intolerance, cough, tachypnea, 
mild respiratory distress (dyspnea), and mild to moderate 
ascites. Hypoperfusion at rest generally is not present. 

Advanced Heart Failure 

Clinical signs of advanced congestive heart failure are imme¬ 
diately obvious. These include respiratory distress (dyspnea), 
marked ascites, profound exercise intolerance, and hypoperfu¬ 
sion at rest. In the most severe cases, the patient is moribund 
and suffers from cardiogenic shock. Death or severe debilitation 

is likely without therapy 

Many patients present acutely for respiratory distress despite 
the absence of significant clinical signs before the "inciting" 
event. Owners may report one to several days of tachypnea 
with or without coughing, nocturnal dyspnea, lethargy, weak¬ 
ness, and inappetence. Cats with congestive heart failure may 
present acutely for severe respiratory distress because they were 
able to hide successfully for several days before the owner could 
detect a problem. Astute owners may present patients with 
mild to moderate heart failure for evaluation of exercise 


curren 


serves 
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of an 


initial dose of 1 pg/kg/min, the rate is slowly titrated 
upward while the blood pressure is monitored. An infusion rate 
of 2 to 5 (ig/kg/min usually is sufficient to decrease afterload, 
although rarely doses as high as 10 pg/kg/min may be required! 
If significant hypotension is encountered after administration of 
nitroprusside, slowing the infusion rate generally is effective 
raising the blood pressure to acceptable levels. 


adenosine monophosphate (cAMP). Dobutamine and dopamine 
sympathomimetic agents that bind to beta 3 receptors, 
thereby stimulating adenylyl cyclase activity and production 
of cAMP. The bipyridines amrinone and milrinone increase 
cAMP by preventing its degradation by phosphodiesterase. 
Both drug classes are capable of rapidly augmenting systolic ftinc- 
tion during constant-rate intravenous infusions. By increasing 
cytosolic cAMP, these agents enhance (!) calcium entry into the 
cell, promoting ventricular contraction; (2} diastolic calcium 
uptake by the sarcoplasmic reticulum, promoting ventricular 
relaxation; and (3) peripheral vasodilatation, reducing after¬ 
load. It should be remembered that the sympathomimetics 
also have alp ha-agonistic properties that promote vasocon¬ 
striction. Unfortunately, both the sympathomimetics and the 

bipyridines may promote tachycardia and undesirable ventric¬ 
ular arrhythmias. Therefore careful electrocardiographic 
(ECG) monitoring is required during administration of these 
drugs, and significant or worsening ventricular arrhythmias 
may warrant discontinuation of the infusion and institution of 
antiarrhythmic therapy. 


are 


at 


Sodium nitroprusside Nitroprusside is an intravenous 
preparation with potent arteriolar and venous vasodilative 
properties mediated by the formation of nitric oxide and subse¬ 
quently the second messenger cyclic guanosine monophosphate 
(cGMP). To some degree, the combination of nitroprusside 
and dobutamine can be considered short-term "cardiac life 
support," used primarily during an attempt to rescue dogs with 
severe, life-threatening pulmonary edema subsequent to dilated 
cardiomyopathy. This drug combination s ability to reduce 
afterload quickly appears to be beneficial also in patients with 
chronic degenerative valvular disease and pulmonary edema, 

although management of these cases often can be accom¬ 
plished less intensively. 

Unfortunately, the beneficial hemodynamic profile of nitro¬ 
prusside is accompanied by a difficult administration protocol 
that requires intensive monitoring. Because nitroprusside pro¬ 
duces an almost immediate and often profound reduction i 
systemic vascular resistance, continuous blood 


Sympathomimetics The sympathomimetics enhance 
diac contractility by complexing with myocardial beta recep¬ 
tors. After substrate binding to an unoccupied beta receptor, 
coupled G-protein stimulates the enzyme cyclase to produce 
cAMP. This second-messenger “effector" system acts by 
of protein kinase A to phosphorylate intracellular proteins, 
including the L-type calcium channel, pbospholamban, and 
troponin I, thereby enhancing ventricular contraction and 
relaxation. Despite the sympathomimetics' ability to increase 
cardiac contractility approximately 100% above baseline, not 
all drugs in this class are suitable for the management of heart 
failure. The specificity for beta receptor binding depends on 
the specific agent and dose administered. Sympathomimetics 
inappropriate for the management of heart failure include the 
pure beta agonist isoproterenol and the naturally occurring 
echolamines norepinephrine and epinephrine. These agents 
tend to promote tachycardia, arrhythmias, and untoward alter¬ 
ations in systemic vascular resistance. 

Dobutamine and dopamine are more appropriate sympa¬ 
thomimetics for the management of heart failure. Although 

both drugs can enhance cardiac contractility, several draw¬ 
backs discourage long-term use: (1) they must be given intra¬ 
venously, because successful oral administration is precluded 
by extensive first-pass hepatic metabolism; [2) because of 
their extremely short half-lives (approximately I to 2 min¬ 
utes), they must be administered by constant-rate infusion; 
(3) almost any positive inotropic response tends 
myocardial work and thus the propensity for ventricular 
arrhythmias; and (4) after 24 to 48 hours of constant-rate 
infusion, their positive inotropic response is limited by beta 
receptor downregulation and uncoupling. The tendency for 
long-term sympathomimetic administration to increase mor¬ 
tality, as documented in humans, appears to relegate these 

agents to short-term management of acute, life-threatening 
heart failure. 

Dobutamine Dobutamine is a synthetic analog of dopamine 
that displays predominately betaj receptor binding (beta, > 
beta 2 > alpha). Dobutamine is able to increase cardiac con¬ 
tractility and thus cardiac output without causing a profound, 
concomitant increase in the heart rate. The mechanism under¬ 
lying the lack of a positive chronotropic response is not well 
understood, but this characteristic tends to make dobutamine 
the most appropriate agent for short-term treatment of heart 
failure. It appears that complexing with vasodilative beta 
receptors and vasoconstrictive alpha receptors, combined with 
an increase in cardiac output, maintains arterial blood pres¬ 
to aseline values. If the systolic blood pressure is 
normal to elevated, dobutamine infusion (slow titration up to 


ear- 


; a 


in 


pressure moni¬ 
toring throughout administration is recommended. The drug 

is light sensitive, is given by constant-rate infusion (typically 
2 to 5 pg/kg/min), and should not be infused with another 
agent, which necessitates placement of a second intravenous 
catheter for administration of dobutamine. These stringent 
requirements may provide cause for more frequent use of intra- 

bipyridines to combat life-threatening heart failure, at 
least until studies are able to elucidate whether either method 
produces better results. 

If nitroprusside is unavailable, balanced vasodilatation may 
be attempted through administration of an arterial vasodilator 
(hydralazine, 0.5 to 2 mg/kg given orally) in combination with 
a venodilator (nitroglycerin ointment, 'A- to ^-indh applied 
cutaneously every 8 to 12 hours; or isosorbide dinitrate, 0.5 to 
2 mg/kg given orally every 8 hours). Although easier to admin¬ 
ister, this therapy seems to be less effective at quickly reducing 
pulmonary venous pressure compared with nitroprusside. 

Potent afterload reduction in patients with severe mitral 
insufficiency and large regurgitant volumes serves to decrease 
the left ventricular to left atrial pressure gradient and hence the 
volume of insufficiency. Nitroprusside, or possibly hydralazine, 
effectively decrease the volume of mitral regurgitation and 
lower left atrial pressure in cases of severe CHF subsequent to 
rupture of the chordae tendineae or the onset of atrial fibrilla¬ 
tion. Despite this obvious theoretical advantage, a recent 
human study showed that mitral regurgitation worsened in four 
of nine patients with mitral valve prolapse during nitroprusside 
infusion. 9 This finding highlights the point that adjustments in 
the therapeutic regimen may be required and should be based 
patient response rather than physiologic principles. 
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Augmentation of Systolic Performance 

Preload reducing agents, such as furosemide, cannot enhance 

systolic function and in fact at high doses serve only to decrease 
cardiac output. Therefore the use of a rapid-acting, intravenous 
inotropic agent is vital to the management of acute decompen¬ 
sated congestive heart failure in dogs with dilated cardiomy¬ 
opathy. Although there is debate over whether dogs with 
mitral valve insufficiency have systolic dysfunction, acutely 
positive inotropic agents may serve to decrease the regurgitant 
orifice area and hence the volume of insufficiency. 

The short-acting, positive inotropic agents most commonly 
used to manage decompensated heart failure increase cyclic 
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5 to 15 pg/kg/min in 5% dextrose) can be combined with the 
potent vasodilator nitroprusside in an attempt to decrease 
internal cardiac work and further enhance forward blood flow. 
Continuous ECG and blood pressure monitoring is recom¬ 
mended during this treatment regimen, and exacerbation of 
tachycardia or ventricular arrhythmias may necessitate discon¬ 
tinuation of dobutamine. 

Dopamine A precursor of norepinephrine, dopamine can 
hind myocardial beta receptors in addition to peripherally 
located dopaminergic, beta 2 , and alpha receptors. Within the 
renal, mesenteric, coronary, and cerebral vascular beds, these 
dopaminergic Oh 2 receptors are able to promote vasodilata¬ 
tion at low infusion rates of dopamine (1 to 2 pg/kg/min). 
However, at higher infusion rates (10 to 20 pg/kg/min), these 
vasodilative properties are over-ridden by an undesirable, 
alpha-mediated vasoconstrictive response. Also, high doses 
are accompanied by increases in the heart rate, the likelihood 
of arrhyth mo genesis, the release of norepinephrine, and the 
myocardial oxygen demand. Dopamine (slow titration up to 1 to 
10 pg/kg/min) may he used in situations similar to those in 
which dobutamine is appropriate (e g., profound myocardial 
failure) and may further enhance renal blood flow. For the 
authors, an increased propensity for the development of 
tachycardia relegates dopamine to the role of second-choice 
drug. As with dobutamine, careful ECG and blood pressure 
monitoring is indicated during dopamine administration* 

Bipyridines Similar to the sympathomimetics, the 

bipyridines promote an increase in cardiac contractility by 
increasing cytosolic cAMP levels. However, rather than 
directly enhancing the production of cAMP, they increase cir¬ 
culating levels by inhibiting phosphodiesterase III, the enzyme 

responsible for cAMP inactivation. Unlike the sympath¬ 
omimetics, the bipyridines do not rely on beta-adrenergic 
receptors and therefore are less affected by downregulation 
and uncoupling. Furthermore, because phosphodiesterase 
inhibitors increase vascular smooth muscle cAMP without 
displaying affinity for alpha receptors, they are also vasodilators. 
Because of the bipyridines' combination of positive inotropic 
and vasodilative properties, the term inodilators has come into 
use for these agents. Because they increase cytosolic calcium 
and myocardial work, they inherently carry the caveats of 
tachycardia and ventricular arrhythmias. In fact, the 28% increase 
in all-cause mortality identified in humans randomized to oral 
milrinone versus placebo has severely limited further attempts 
to evaluate agents that act via cAMP-dependent mechanisms. 

Milrinone The phosphodiesterase inhibitor milrinone is 
substantially more potent than amrinone and is available in an 
intravenous preparation. Because of its combined positive 
inotropic and vasodilative properties, milrinone may be used 
as a substitute for the dobutamine/nitjoprusside combination 
in the management of acute life-threatening heart failure. 
Despite milrinone's ability to increase measures of fractional 
shortening after oral administration in dogs, this formulation 
is no longer available for prescription. 11 

There are no published reports regarding the hemody¬ 
namic effects of intravenous milrinone administered to dogs 
with acute myocardial failure. When administered to normal dogs 
at an infusion rate of 1 to 10 pg/kg/min, milrinone increased car¬ 
diac contractility 50% to 140%. 12 Whether similar doses are 
efficacious in dogs with heart failure is uncertain, and dosing 
recommendations currently are difficult to propose. Because 
CR1 milrinone requires 10 to 30 minutes to reach maximal 
peak effects in normal dogs, it may be prudent to administer 
a loading dose, followed by constant-rate infusion. Theoretical 
administration guidelines after the bolus would be to titrate 
the infusion rate upward slowly while monitoring the systemic 
blood pressure and a continuous electrocardiogram* Efficacy 
may be monitored clinically (e.g., reduction in the respiratory 


rate, alleviation of orthopnea) or echocardiographically with 
periodic measures of systolic function. 

Amrinone The effects of amrinone are almost identical to 
those of milrinone except that it does not appear to be as 
potent. Although there are no reports of its large-scale use in 
the management of acute decompensated congestive heart 
failure, treatment recommendations have been extrapolated 
from studies of normal dogs. Constant-rate infusions of 10 to 
100 pg/kg/min appear to be capable of increasing cardiac con¬ 
tractility by 10% to 80% in awake, normal dogs. 12 Anesthetized 
dogs showed a 15% increase in the heart rate at an infusion 
rate of 30 pg/kg/min and a 20% increase at 100 pg/kg/min. 12 
This tachycardia may have been induced either directly, 
through cAMP stimulation, or indirectly, in response to a 
decrease in blood pressure. The 30 pg/kg/min infusion rate 
was associated with a 10% decrease in blood pressure, whereas 

the 100 pg/kg/min rate reduced blood pressure by 30%, 
After institution of a CRI, amrinone requires approximately 
45 minutes to reach peak effect* Therefore, similar to milri¬ 
none, it appears most appropriate to administer a slow TV bolus 
of 1 to 3 mg/kg, followed by a slowly up-titrated CRI of 10 to 
100 pg/kg/min. Continuous ECG monitoring should be insti¬ 
tuted to allow evaluation for excessive tachycardia or arrhyth - 
mo genes is, and the systemic blood pressure should be 
monitored to avoid hypotension. 

Management of Acute Heart Failure Secondary 
to Diastolic Dysfunction 

Cats with hypertrophic cardiomyopathy (HCM) often present 
with signs of respiratory distress subsequent to the development 
of pulmonary edema or pleural effusion. Impaired ventricular 
relaxation produces elevated atrial and venous pressures, with 
eventual fluid exudation into the alveoli or pleural space. The 
treatment goals for cats with HCM and heart failure focus on 
relieving congestion through preload reduction rather than aug¬ 
menting systolic function or decreasing a fte rload. 
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PROGRESSION OF HEART FAILURE 
(THE HUMAN EXPERIENCE) 


Traditionally heart failure has been perceived as a hemody¬ 
namic disorder that promotes weakness, the development of 
debilitating congestive signs, deterioration of cardiac function, 
and ultimately death. Although the initial cardiac insult varies, 
it was historically rationalized that ventricular remodeling and 
disease progression occur as consequences of the compensatory 
mechanisms that promote vasoconstriction and fluid retention. 
It was recognized that diseased hearts operate on a depressed 
and flattened Frank-Starling curve, such that volume retention 
and vasoconstriction, rather than promoting cardiac output, 
merely exacerbated congestive heart failure. The symptoms of 
heart failure developed as venous pressures breached the lym¬ 
phatics' ability to remove edema or as blood flow to exercising 
muscles was severely limited. 

If disease progression were solely mediated by hemodynamic 
alterations, it was hypothesized, drugs capable of 'unloading'' the 
heart (e.g., vasodilators and positive inotropes) would retard 
this progression and improve survival. In the first Veterans 

Affairs Heart Failure Trial (V-HeFT) completed in 1985, pra¬ 
zosin or a combination of hydralazine and isosorbide dinitrate 
was used to decrease preload and afterload* 13 Although pra¬ 
zosin was more effective at reducing blood pressure, only the 
hydra! azine/isosorbide dinitrate combination reduced mortality 
compared with placebo. The discordance between the hemo¬ 
dynamic and prognostic findings could not be explained by the 
traditional perception of heart failure. Support for the hemo¬ 
dynamic hypothesis was further undermined by the Prospective 
Randomized Amlodipine Survival Evaluation (PRAISE) trial 
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In another study, 23 compared with placebo, enalaprii did not 
reduce the mortality rate in asymptomatic patients with 
reduced ejection fraction, although it delayed the onset of 
heart failure. Because ACE inhibitors have been shown to alle¬ 
viate symptoms, improve patients' clinical status, and decrease 
mortality, the current recommendation is that all humans 
with heart failure due to left ventricular systolic dysfunction 
receive an ACE inhibitor. 17 The mortality reductions associ¬ 
ated with administration of ACE inhibitors lends support to 
the theory that disease progression is mediated by factors 
other than hemodynamics alone. 

Management of Stable Compensated Congestive 
Heart Failure 

After stabilization of the acute crisis, during which hemody¬ 
namic support is the goal, long-term management of heart 
failure ensues. The goals for this stage are to combat congestion, 
improve exercise capacity and quality of life, blunt adverse 
neurohormonal sequelae, and prolong survival time Drugs can 
be administered to promote pump function (positive inotropes), 
to alter hemodynamics (preload and afterload reducers), and 
to blunt the adverse sequelae mediated by the body's com¬ 
pensatory mechanisms (neurohormonal antagonists). Numerous 
studies have been performed in humans to evaluate the benefits 
or limitations of drugs used to combat congestive heart failure, 
but the cost of well-designed, multi-institutional studies has 
precluded large-scale investigation in companion animals. For 
this reason, theoretical benefit often is extrapolated to dogs 
and cats; however, the practitioner should exercise caution in 
making these assumptions. 

Triple drug therapy using furosemide and an ACE inkibitor, 
frequently combined with digoxin, serves as the mainstay of treat¬ 
ment for dogs with congestive heart failure secondary to degener¬ 
ative valve disease and dilated cardiomyopathy. 

Diuretics 

The importance of appropriate administration of diuretics in 
the management of heart failure should not be underesti¬ 
mated. Diuretics play a pivotal role because they are the most 
effective agents for promoting rapid symptomatic benefits, 
and they are the only agents capable of controlling the fluid 
retention of heart failure. Although no large-scale trials have 
been done to evaluate the effect of diuretics on morbidity and 
mortality, there is little debate that they are a vital class of drug 
in both the acute and the long-term management of patients 
with congestive heart failure. Trials that would withhold a 
diuretic in heart failure would be immoral 

The kidney represents a major target organ for the neuro¬ 
hormonal and hemodynamic alterations that occur with a failing 
heart. Activation of the sympathetic nervous system, stimula¬ 
tion of the RAS, and intrarenal hemodynamic alterations all 
contribute to an avid state of sodium and water retention, 
Dogs with severe heart failure have had a 24% increase in 
plasma volume. 24 Unfortunately, these dogs are existing on 
the plateau of a depressed Frank-Starling curve, meaning the 
increased plasma volume is unable to enhance cardiac output. 
The premise behind administration of a diuretic, therefore, is 
to control congestion while maintaining optimal cardiac output. 
The three primary classes of diuretics are the loop, the thiazide, 
and the potassium-sparing diuretics. Each acts at a different 
site in the nephron. 

Loop diuretics The loop diuretics (furosemide, torsemide, 
bumetanide, and ethacrynic acid) constitute the drug class 
most commonly used to treat heart failure. They inhibit the 
sodium, potassium, chloride (WaVKV2CT) cotransporter on 
the luminal surface of the ascending limb of the loop of 
Henle. This inhibition markedly increases the fractional excre¬ 
tion of Na + and Cl" and prevents establishment of the normal 


completed in December of 1994, w T hich found that adminis¬ 
tration of amlodipine to patients with severe chronic heart 
failure had no significant effect on mortality. 

Similar to the use of vasodilators to decrease ventricular 
wall stress and increase cardiac output, potent inotropic drugs 
capable of increasing cAMP levels were developed with the 
intent to improve survival. If poor pump performance were 
responsible for the progressive nature of heart failure, it was 
hypothesized, these positive inotropes should alter the natural 
course of cardiovascular disease. The phosphodiesterase inhibitor 
milrinone, which has potent inotropic and vasodilative prop¬ 
erties, in fact was found to alter the course of heart failure but 
in a fashion opposite that expected. In October of 1990, 
the Prospective Randomized Milrinone Survival Evaluation 
(PROMISE) trial was stopped 5 months prior to its scheduled 

completion date because administration of oral milrinone was 
found to increase all-cause mortality by 28%. Ul Patients with the 
severest symptoms (i.e., New York Heart Association [NYHA] 
class rV), who therefore would be the most likely to receive 
additional medical therapy, showed a 53% increase in mortal¬ 
ity, Administration of the partial beta-agonist xamoterol also 
failed to improve survival in a study of 516 patients. 15 

These drug trial failures were accompanied in the late 
1980s and early 1990s by an evolution in the understanding 
of the traditional hemodynamic model of heart failure. It still 
was recognized that hemodynamic alterations accounted for 
the symptomatic manifestations of cardiac disease, but a new 
understanding of the condition resulted in the conclusion that 
the body's compensatory neurohormonal mechanisms con¬ 
tributed to the dilemma of disease progression. Activation of 
the sympathetic nervous system (SNS! and the renin- 
angiotensin system (RAS) was found to promote both adverse 
hemodynamic consequences and direct toxic effects on the 
myocardium. Cultured mammalian cardiomyocytes exposed 
to norepinephrine displayed a concentration-dependent decrease 
in viability that was attenuated significandy by beta-receptor 
blockade, 16 In addition, norepinephrine was implicated in the 
provocation of ventricular arrhythmias and the impairment of 
sodium excretion by the kidneys. 17 Pathophysiologic levels of 
angiotensin II were found to promote myocytolysis with sub¬ 
sequent fibroblast proliferation, and aldosterone was implicated 
in the process of myocardial extracellular matrix remodel- 
ingP 6 - 13 These findings established a connection between hemo¬ 
dynamic mechanisms and neurohormonal consequences, 
which mutually promote a cycle of disease progression. The 
initial cardiac insult is followed by activation of neurohormonal 
compensatory mechanisms that produce further hemodynamic 
alterations and myocardial fibrosis. Cardiac output continues to 
decline, the compensatory mechanisms continue to be activated, 
and the disease process proceeds unabated. 

This more complete understanding of the neurohormonal 
systems led to the development and use of drugs designed to 
antagonize the RAS. A breakthrough in the management of car¬ 
diovascular disease came with the utilization of angiotensin - 
converting enzyme (ACE) inhibitors in the mid to late 1980's, 
Angiotensin-converting enzyme is capable of degrading vasodila- 
tive bradykinin and is responsible for cleaving relatively inac¬ 
tive angiotensin I to the potent vasoconstrictor angiotensin II 
(AT II), Indirecdy ACE is responsible for aldosterone produc¬ 
tion, because AT II is a primary stimulus for adrenal gland pro¬ 
duction of mineralocorticoids. Given angiotensin-converting 
enzyme's critical position in the RAS, it was proposed that 
ACE inhibition may promote beneficial hemodynamic and 
neurohormonal antagonistic and antifib rotic actions. 

The ACE inhibitor enalaprii has been extensively studied in 
humans with varying stages of heart failure. In three studies, 20 ~ 2Z 
compared with placebo or the combination of hydralazine 
and isosorbide dinitrate, enalaprii reduced all-cause mortality 
in humans with a reduced ejection fraction and heart failure. 
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4 mg/kg given orally twice daily; cats: 1 to 2 mg/kg given orally 
twice daily), onset of action occurs within 2 hours, activity 
peaks at 4 hours, and the effect lasts 12 hours. 

Potassium-sparing diuretics Potassium-sparing diuretics 
formerly were allocated solely to the late stages of heart fail¬ 
ure or to patients with hypokalemia, but they recently have 
come to the forefront in the battle against neurohormonally 
mediated progression of cardiac disease. This class of diuretics 
! spironolactone, eplerenone, and triamterene; recently has 
gained prominence because evidence suggests the presence 
of' aldosterone escape” in approximately one third of humans 
treated with ACE inhibitors. 29 The precise mechanisms 
behind this RAS-indepen dent increase in aldosterone are 
unknown, although increased potassium levels induced by 
ACE inhibitors and decreased hepatic clearance may be con¬ 
tributing factors. Tissue pathways for the production of aldos¬ 
terone have also been identified, although their role in the 
progression of heart failure is uncertain* 

Aldosterone promotes the production of Na + /K* exchangers 
along the luminal surface of the distal tubule and collecting 
ducts. In addition to its ability to increase sodium resorption, 
aldosterone now is recognized to contribute to myocardial 
fibrosis, augmentation of sympathetic tone, and possibly 
diuretic resistance. It has been postulated that spironolac¬ 
tone's ability to decrease collagen turnover, and presumably 
myocardial fibrosis, is responsible for the marked mortality 
benefits recognized in the Randomized Aldactone Evaluation 
Study (RALES) trial. Whether dogs and cats will benefit sim¬ 
ilarly has yet to be determined, but more frequent use of 
spironolactone in companion animals may be warranted. 

Spironolactone is well absorbed from the gastrointestinal tract 
but has a relatively slow onset of action, peaking at 2 to 3 days 
after administration. It undergoes rapid hepatic metabolism to 
pharmacologically active canrenone. Spironolactone is admin¬ 
istered to dogs and cats at a dosage of 1 to 2 mg/kg given 
orally every 12 hours, in conjunction with an ACE Inhibitor 
and a loop diuretic, to combat congestive heart failure. 

A ngio tens in-Converting Enzyme (ACE) Inhibitors 
Despite their symptomatic benefits, diuretics should not be 
used as monotherapy in the management of congestive heart 
failure because they further activate the renin-angiotensin 
system* 3031 Drugs designed to inhibit angiotensin-converting 
enzyme block the formation of AT II, promote an increase in 
the circulating levels of bradykinin, and may temporarily reduce 
circulating aldosterone levels. Although ACE inhibitors are 
frequently categorized as balanced vasodilators, it appears 
likely that their beneficial effect on mortality is not mediated 
purely by hemodynamic alterations. 22 They are relatively weak 
vasodilators compared with direct-acting arterial vasodilators 
such as hydralazine, and their ability to promote diuresis is 
much overshadowed by the less expensive loop diuretics. 
Rather, it is believed that ACE inhibitors reduce mortality 
through their ability to blunt the detrimental consequences 
associated with long-standing activation of the RAS. Their 
early success has helped spearhead the current pharmacologic 
trend toward neurohormonal antagonism. 

Activation of the neurohormonal cascade often begins 
with detection of arterial underfilling by median ©receptors in 
the carotid sinus and kidney (Figure 199-4), Regarc^ess of 
whether this relative "hypotension” occurs secondary to low- 
output heart failure, severe mitral insufficiency, or profound 
hypovolemia, the common end-point is activation of the 
sympathetic nervous system and RAS. Additional activators 
of the RAS are reduced sodium delivery to the macula dens a 
and sympathetic stimulation. Release of the protease renin 
from the juxtaglomerular apparatus promotes conversion of 
angiotensinogen to angiotensin I. Angiotensin-converting 


medullary concentration gradient, thereby promoting diuresis. 
In addition to promoting natriuresis and diuresis, furosemide, 
the most frequently used loop diuretic, appears capable of 
decreasing pulmonary capillary wedge pressure and promot* 
ing venodilatation, prior to the onset of diuresis, through local 
vascular prostaglandin synthesis. 25 26 The loop diuretics are 
the most effective agents for controlling the fluid retention of 
heart failure, and their proven safety, combined with their low 
cost, makes them a crucial therapeutic weapon, 

Furosemide is available in formulations for enteral and par¬ 
enteral administration. When it is administered intravenously, 
the onset of action is 5 minutes, the peak diuretic effect occurs 
within 30 minutes, and the duration of effect is 2 hours. After 
oral administration, the onset of action occurs within 60 minutes 
and the peak effect and duration of effect are 1 to 2 hours and 
6 hours, respectively* 

Furosemide s rapid onset of action explains its presence in 
most emergency crash carts. Severe pulmonary edema requires 
intravenous furosemide administration (2 to 8 mg/kg in dogs 
every 1 to 2 hours; 1 to 2 mg/kg in cats every 1 to 4 hours) to 

reduce preload rapidly. Although mild electrolyte abnormalities 
and dehydration may result with high doses, these conditions 
generally resolve when the pet resumes eating and drinking. 
After alleviation of the acute crisis, it is best to decrease the 
furosemide dose to the lowest capable of eliminating conges¬ 
tive signs. The authors have found that most dogs with a pre¬ 
vious history of heart failure require 1 to 2 mg/kg given orally 
once or twice daily. Initially some dogs may be managed with 
as little as every-other-day therapy; however, as the disease 
process continues, cardiac output declines and diuretic resistance 
develops, extremely high doses of furosemide may be req uired 
to fend off congestive signs (4 mg/kg given orally three times 
daily). Periodic evaluation of electrolyte and renal parameters 
should be performed, especially when furosemide is adminis¬ 
tered concurrently with an ACE inhibitor and digoxin. It is well 
recognized that hypokalemia may contribute to ventricular 
arrhythmias and increase the likelihood of digoxin toxicity, 

Bumetanide and torsemide have been reported to have 
more consistent oral bioavailability than furosemide (ranges of 
80% to 100% and 10% to 100%, respectively)* 27 The diuretic 
response occurs more slowly with intravenous torsemide than 
with furosemide, but torsemide promotes diuresis for a longer 
period, 2E Whether use of bumetanide or torsemide could 
allow for a more predictable diuretic response has not been 

evaluated. 

Thiazide diuretics The thiazides were among the first 
effective oral diuretic classes that developed widespread use 
in clinical practice. They block resorption of Na + in the distal 
convoluted tubule by inhibiting the MaVCl' cotransporter. 
The increased delivery of Na + to the collecting duct enhances 
potassium (K>] and hydrogen (H*) secretion and may pro¬ 
mote the development of hypokalemia and metabolic alkalosis. 
Compared with loop diuretics, the thiazides are relatively weak; 
they increase renal sodium excretion from a normal value of 
about 1% to 5% to 8% of the filtered load. Nonetheless, they 
appear to promote a synergistic effect when administered 
with a loop diuretic* Although the combination of loop and 
thiazide diuretics appears effective at combating refractory 
pulmonary edema, caution must be exercised to avoid 
hypokalemia. One strategy to prevent excessive potassium 
loss is to administer the thiazide every second or third day 
while continuing daily treatment with furosemide. The two 
most frequently used thiazide diuretics are chlorothiazide and 
hydrochlorothiazide. Roth drugs show good oral absorption 
and a relatively rapid onset of action. Chlorothiazide (20 to 
40 mg/kg given orally twice daily) promotes diuresis within 
1 hour, reaches peak activity at 4 hours, and has a duration of 
effect of 6 to 12 hours. For hydrochlorothiazide (dogs - : 2 to 
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Figure 199-4 After the release of renin, angiotertsinogen 
is cleaved to form angiotensin l, which is subsequently 
cleaved by angiotensi^converting enzyme (ACE) to form 
angiotensin II. Angiotensin II promotes numerous physit 
logic actions, including activation of the sympathetic 
system and production of aldosterone (see Figure 199-12). 


Stimuli of the RAS 

1) Hypotension 

2) Hyponatremia 

3) Sympathetic nervous system 


ICS- 


nervous 


Angiotensin I 


Angiotensin II 


enzyme cleaves the C-terminal dipeptide from angiotensin l 
thereby forming the octapeptide angiotensin IL In addition 
being a potent vasoconstrictor, AT II has several other properties: 
(1) it is a primary secretagogue for aldosterone; (2) it potentiates 
presynaptic norepinephrine release; (3) it stimulates the release 
of antidiurettc hormone (vasopressin); (4) it promotes renal 
tubular sodium resorption; and (5) it has been linked 
cardiomyocyte necrosis, apoptosis, and progression of ventric¬ 
ular fibrosis. 1 *- 12 - 33 Angiotensin-converting enzyme is also 
pable of cleaving the C-termina! dipeptide from bradykini 
therefore it appears to be a regulator of vasoconstrictive/ 
sodmm retentive and vasodilative/natriuretic mechanisms. 
Although tissue ACE and additional enzymatic pathways (e.g, 
ehyniase, cathepsin G, tonin, and tissue plasminogen activator) 

capable of producing AT II have been identified, their signifi¬ 
cance is unknown at this time. 32 

ACE-inhibiting compounds are numerous and vary in 
their chemical structure, potency, bio avail ability, and route of 
elimination. Most ACE inhibitors, excluding captopril and 
lisinopril, are administered in the form of prodrugs that require 
conversion to their active form by hepatic metabolism, 
EnalapriJ requires conversion to enalaprilat, and benazepril is 
metabolized to benazeprilat Although claims have been 
made that some formulations produce more profound ACE 
inhibition, prolonged periods of efficacy, or superior tissue 

ACE inhibition, the importance of these characteristics is 

unclear in naturally occurring heart failure. 


The degree of ACE inhibition and the duration of action of 
several agents, including benazepril, captopril, enalapril, lisino- 
pril, and ramipril, have been evaluated in normal dogs. 34 Hamlin 
and Makayama 34 documented that benazepril, enalapril, lisino- 
pril, and ramipril were able to achieve similar degrees of ACE 
inhibition after drug administration (about 75% inhibition at 1 5 
hours and about 50% inhibition through 12 hours) Enalapril, 
lisinopril, and ramipril continued to display significant activity 
(about 25% inhibition) beyond 24 hours. These researchers also 
found that captopril was unable to reduce ACE activity sub¬ 
stantially, compared with control, beyond the T5-hour sample. 

Whether captopril s inability to suppress ACE activity was a 
consequence of sample handling or merely an inability to sup¬ 
press circulating versus tissue ACE is uncertain. 35 Evaluations of 
enalapril and benazepril in normal cats have identified maximal 

ACE inhibition of 48% and 98%, respectively, after single-dose 
administration, 3 '" 3 Benazepril was reported to show greater 
than 90% ACE inhibition beyond 24 hours* 37 

Excretion of the ACE inhibitors is primarily via the kidneys, 
although benazepril appears to undergo significant biliary 
excretion in companion animals (about 50% in dogs and about 
85% in cats)* 38 When ACE inhibitors have been prescribed for 
patients with mild renal insufficiency, the recommendation 
historically has been to reduce both the dosage and frequency 
interval by approximately 50%. Administration of enalapril to 
dogs with experimental mild renal insufficiency is associated 
with a significant increase in the area under the curve (AUC) 
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for the active metabolite enalaprilat. 39 After benazepril was 
administered to the same dogs, do significant increase was 
seen in the AUC for benazeprilat, Whether concurrent cardiac 
disease, with its relatively depressed cardiac output, would be 
associated with impaired benazepnlat excretion is unclear. 
Current trends using "standard"' doses of enalapril to treat 
glomerulonephritis and renal insufficiency are difficult to 
extrapolate to patients with heart failure and renal insuffi¬ 
ciency because of their limited ability to increase cardiac 
output in the face of a reduced rate of glomerular filtration. 40 

In summary, the merits and limitations of the different for¬ 
mulations are unknown, and only the ACE inhibitor enalapril 
has been specifically approved in the United States for the 
treatment of heart failure in dogs. The hypothesized improved 
safety of using benazepril rather than enalapril in patients 
with renal insufficiency has not been clinically evaluated in 
companion animals with cardiac disease. 

Enalapril Enalapril is one of the few drugs that has been 
closely evaluated in dogs with naturally occurring congestive 
heart failure. The first reported placebo-control led studies in 
dogs were short-term investigations, the Invasive Multicenter 
Prospective Veterinary Evaluation of Enalapril study (IMPROVE; 
21 days) and the Cooperative Veterinary Enalapril study (COVE; 
28 days), both published in 1995. 41 - 42 These studies enrolled 

dogs with mitral valve insufficiency or dilated cardiomyopa¬ 
thy (DCM) to evaluate the hemodynamic (IMPROVE) and 
clinical ( COVE) benefits of enalapril. The drug decreased pul¬ 
monary capillary wedge pressures in dogs with DCM and 
improved the heart failure class, pulmonary edema scores, and 
overall evaluation for both groups of dogs with heart failure. 
The benefits of these short-term studies were more pronounced 
for dogs with DCM than for those with mitral valve insuffi¬ 
ciency. The COVE investigators found that twice daily oral 
administration of enalapril ( 0,5 mg/kg) appeared to promote 
more significant improvements than once daily therapy. 4 - The 
LIVE study group followed a subpopulation of dogs from the 
two short-term studies to evaluate the long-term effects of 
enalapril administration. 5 These researchers found that dogs 
treated with enalapril were able to continue the study for 
longer than those receiving placebo (157.5 versus 77 days, 
P = 0.006). In contrast to the results of the short-term studies, 
the beneficial effect was more prominent in dogs with mitral 
valve insufficiency fP = 0.041) than in those with dilated car¬ 
diomyopathy (P = 0,06)♦ An additional study supporting the 
benefits of ACE inhibitor administration to dogs with heart fail¬ 
ure found that enalapril significantly increased the exercise tol¬ 
erance of dogs with experimentally created mitral insufficiency. 43 

Despite these symptomatic benefits, the hope that early 
institution of ACE inhibition will delay the onset of heart fail¬ 
ure may go unfulfilled. To date, enalapril has been unable to 
delay the onset of heart failure in asymptomatic cases of mitral 
insufficiency, 44 Whether ACE inhibitors can reduce mortality in 
dogs or cats with heart failure has yet to be determined; even 
so, preliminary evidence reported in 2003 looks supportive, 

although not conclusive, for cats with diastolic dysfunction. 45 

Benazepril Similar to enalapril, benazepril is a prodrug 
that must undergo hepatic metabolism to produce the active 
compound, benazeprilat. Oral administration of benazepril 
has produced variable and conflicting degrees of ACE inhibi¬ 
tion. An initial study reported that peak plasma benazeprilat 
concentrations were achieved 2 hours after oral administra¬ 
tion. 45 The percentage of ACE inhibition after a single dose of 
0.5 mg/kg of benazepril administered to normal dogs was 
99,7% after 2 hours, 95,2% after 12 hours, and 873% after 
24 hours. Similar results were found for the same intervals at 
doses of 0.25 mg/kg (97.8%, 89,2%, and 75.7%) and 1 mg/kg 
(99.1%, 94.0%, and 83.1%), Maximal ACE inhibition after 


15 doses was attained in dogs receiving 0.25 mg/kg of benazepril 

once daily (96.9% at 2 hours, 92,5% at 12 hours, and 83.6% 
at 24 hours), A second study, which also evaluated a single 
dose of 0.5 mg/kg of benazepril in normal dogs, showed ACE 
inhibition of 81% at 1.5 hours, 37% at 12 hours, and 10.3% at 
24 hours. 34 Prolonged administration of benazepril was not 
evaluated. A final study, in which 0.5 mg/kg of benazepril was 
administered orally once daily to dogs with mitral insuffi¬ 
ciency', showed ACE inhibition to be 33.3% at I week, 28% at 
2 weeks, and 42.7% at 4 weeks, 47 

Based on these conflicting results, the current dosing 
ommendations are broad (0.25 to 0.5 mg/kg given orally once 

or twice daily). Whether benazepril is clinically more effective 
or safer than enalapril for dogs and cats with congestive heart 
failure remains unclear. 
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Adverse effects The mechanism by which ACE inhibitors 
exert their beneficial properties (e.g,, inhibition of angiotensin il 
production) also lends to the potential for adverse consequences. 
Although infrequently encountered, complications may include 
systemic hypotension, azotemia, and hyperkalemia. 

ACE inhibitors reduce systemic vascular resistance by 
decreasing circulating levels of angiotensin II and increasing 
circulating levels of bradykinin. in patients with severe heart 
failure in which an increase in cardiac output is unable to sus¬ 
tain systemic blood pressure, symptomatic hypotension may 
develop. Although this complication is infrequent, its likeli¬ 
hood increases with concomitant overzealous use of diuretics. 
Unfortunately, the clinical signs associated with severe low- 
output heart failure and systemic hypotension are very similar 
(e.g., weakness, exercise intolerance, and possibly stupor), a 
fact that lends emphasis to an important point: if a patient 
appears refractory to medical management, the blood pressure 
should be evaluated before more aggressive measures to combat 
heart failure are instituted. 

A second adverse effect attributed to ACE inhibitors' 
unique ability to decrease angiotensin II production is a reduc¬ 
tion in the glomerular filtration rate GFR) and the develop¬ 
ment of azotemia. The GFR is determined by the glomerular 
capillary pressure (GCp). Based on the knowledge that pressure 
is equal to the product of flow and resistance (P-QxR), it can 
be ascertained that the GFR ultimately is determined by renal 
plasma flow and the degree of efferent arteriolar vasoconstric¬ 
tion (Figure 199-5). In cases of heart failure in which renal 
plasma flow is diminished, the glomerular filtration rate is sup¬ 
ported by the ability of AT11 to constrict the efferent renal arte¬ 
riole. ACE inhibitors' ability to depress production of AT II 
promotes efferent renal arteriolar vasodilatation and hence a 
reduction in the GFR. The failing heart cannot further increase 
cardiac output, and an acute bout of azotemia may subse¬ 
quently develop. A recent study evaluating early institution of 
enalapril therapy in dogs with compensated mitral valve insuf¬ 
ficiency found that dogs allocated to an ACE inhibitor were not 
at a more significant risk of developing azotemia compared 
with dogs receiving placebo. 4 ® In the authors' experience, mild 
increases in blood urea nitrogen (BUN) and creatinine occur 
frequently after institution of therapy with an ACE inhibitor 
and furosemide. However, the development of severe azotemia, 
necessitating discontinuation of the ACE inhibitor or a reduc¬ 
tion in its dosage, occurs infrequently. This complication seems 
to occur most often in patients with severe heart failure that 
require aggressive diuretic administration to control congestive 
signs. Prior to institution of enalapril therapy the authors eval¬ 
uate the baseline biochemical parameters and perform a second 
measurement of the BUN, creatinine, and electrolytes 5 to 
7 days after the start of treatment. If patients become anorectic 
or develop gastrointestinal signs during this time, we instruct 
the owners to discontinue all drugs and immediately present 
the animal for veterinary attention. 
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Figure 199-5 Glomerular crapillary pressure 
(GC p ), and therefore the glomerular filtration 
rate (GFR), is determined by cardiac output 
and the relative resistances imparted by the 
afferent and efferent renal arterioles. Compared 
with normal (A), ACE inhibitors preferentially 
dilate the efferent renal arteriole (B) and may 
therefore decrease the GFR and promote the 
development of azotemia. It appears this 
quence is most frequent in patients with low 

output heart failure that require large doses of 

diuretics to control their congestive signs. 
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Hyperkalemia may be encountered during therapy with 
ACE inhibitors as the result of a reduction in the GFR and a 
decline in circulating aldosterone levels. In the absence of 
aldosterone, sodium loss is favored and potassium levels rise. 
This complication appears to occur infrequently, presumably 
because most of the potent diuretics have potassium-wasting 
properties and tend to prevent the development of hyper¬ 
kalemia. The authors have rarely encountered an increase in 
potassium that necessitated a dosage reduction for or discon¬ 
tinuation of an ACE inhibitor There is concern that the addition 
of spironolactone may potentiate hyperkalemia, therefore 
periodic electrolyte monitoring is prudent in patients receiving 
ACE inhibitor and a p otassfum-sp a rin g diuretic. 

Drug interactions Because aspirin inhibits cyclo-oxygenase 
and decreases prostaglandin formation, some have questioned 
whether administration of aspirin may negate some of the ben¬ 
eficial vasodilative properties exerted by ACE inhibitors.^ An 
additional concern is that aspirin's ability to reduce renal 
prostaglandin formation may worsen the ACE inhibitor-induced 
reduction in the GFR. 50 A recent retrospective analysis of six 
long-term, randomized trials of ACE inhibitors found that 
aspirin did not significantly alter the beneficial effects of ACE 
inhibitors in CHE 51J Whether other commonly prescribed, non¬ 
steroidal anti-inflammatory agents blunt the potentially benefi¬ 
cial vasodilative properties of ACE inhibitors is uncertain. 

Positive Inotropes 

Agents capable of increasing cardiac contractility can improve 
a patient s strength and exercise capacity, thereby potentially 
enhancing the pet’s quality of life. Ideally, these compounds 


would concurrently promote mortality benefits by improving 
cardiac efficiency and limiting the activation of endoge 
compensatory mechanisms [with their detrimental long-term 
consequences). Unfortunately to date most of the potent 
agents available to augment systolic function act by means of 

upstream, lf cAMP-dependent mechanisms that have shown 
negative effects on survival. 

Membrane-associated adenylate cyclase is the enzyme 

responsible for cAMP production, and phosphodiesterase III is 

responsible for its degradation. Therefore mechanisms 
in c re ase 


nous 
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cAMP concentrations may tahe one of two pathways 
e 199-6): beta agonists increase production of cAMP, 
and phosphodiesterase inhibitors increase cytosolic cAMP by 
inhibiting its breakdown. Acting through protein kinase A, 
cAMP promotes phosphorylation of the L-type caldum channel 
to increase calcium release from the sarcoplasmic reticulum 
(SR), The increased systolic Ca 2+ concentration (1) deinhibits 
the troponin complex to promote act in and myosin interac¬ 
tion and (2) increases the activity of myosin ATPase. 51 These 
mechanisms serve 


an 


to increase both the total force developed 
and the rate at which the force is developed. Protein kinase A 
also exerts beneficial iusitropic effects by promoting phos¬ 
phorylation of (1) the regulatory SR membrane phosphop 
tern, phospholamban, to enhance diastolic calcium uptake and 
(2) troponin I, to increase the rate of cross-bridge detachment 
and relaxation, 51 Paradoxically, despite these beneficial proper¬ 
ties, long-term administration of agents capable of increasing 
cAMP has been linked to increased mortality rates in patients 
with heart failure, 10 The increased Ca 2+ _ 

believed to contribute to the development of arrhythmias and 
to increase myocardial energy consumption and oxygen demand, 
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Figure 199-6 The beta-agonists (i) dobutamine 

and dopamine promote their positive inotropic and 
iu si tropic effects through activation of adenylyl 
cyclase, with a subsequent amplification of cAMP 
production. The phosphodiesterase inhibitors (2 
amrinone, milrinone and, to some degree, pimoben- 
dan blunt the degradation of cAMP, thereby pro¬ 
moting similar positive inotropic and lusitropic 
effects that should not be blunted by beta-receptor 
down regulation. Phosphorylation of the sarcolem- 
mal L-type calcium channel is responsible for the 
positive inotropic action, whereas phosphorylation 
of phospholamban (PLB) I with ensuing deinhibition 
of the sarcoplasmic reticulum calcium ATPase 
(SERCA), accounts for the enhanced diastolic 
function. Phosphorylation of troponin I (not shown) 
further enhances diastolic function by altering the 
cross-bridge kinetics between aetin and myosin. 
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potassium site (Figure 399-7). This antagonism promotes an 
increase in the intracellular sodium concentration, with its 
subsequent exchange for calcium via the reversible NaVCa z+ 
pump. The net result is an increase in cytosolic calcium levels 
and enhanced cardiac contractility. Inhibition of the NaVK* 
ATPase pump further sensitizes the baroreceptors (blunting 
sympathetic discharge), inhibits renal tubular resorption of 
sodium (promoting mild diuresis), and increases the delivery 
of sodium to the distal tubules (inhibiting renin release). 
Despite these theoretical benefits, digitalis has been unable 
to alter the natural course of heart failure. 52 The Digitalis 
Investigation Group (DIG) enrolled 6800 human patients in 
a placebo-controlled study to evaluate whether digoxin 
administration affected mortality or morbidity 52 Digoxin did 
not reduce overall mortality but did reduce the rate of hospi¬ 
talization for worsening heart failure (26,8% versus 34,7%, 
P <0.001). Subgroup analysis revealed that patients in class III 
or class IV heart failure showed the greatest benefit from 
digoxin administration. Compared with results from agents 
not related to glycosides, including dobutamine and milri¬ 
none, the findings of this investigation did not demonstrate 
excess mortality. It is unlikely that a similar study evaluating 
the efficacy of digoxin will ever be performed in dogs because 
of the extreme sample size needed to detect these small dif¬ 
ferences, One study reported that four of 3 0 dogs with dilated 
cardiomyopathy showed echocardiographicaily identifiable 
improvements in cardiac contractility after treatment with 
digoxin. 53 Whether the 7% increase in fractional shortening 
was a true increase in contractility or merely occurred subse¬ 
quent to rate control (250 beats per minute (bpm] pretreat¬ 
ment versus 145 bpm post-treatment) is uncertain, but 


thereby worsening the outcome. These findings lend support 
to the premise that down regulation and uncoupling of beta 
receptors, along with upregulation of adenylate cydase inhibitory 
proteins, serve as compensatory protective mechanisms rather 
than primary biochemical abnormalities. Current investiga¬ 
tions are evaluating agents capable ol enhancing systolic per¬ 
formance * downstream” from cytosolic Ca 2+ in the hopes of 
avoiding excessive mortality. 

Digitalis glycosides The digitalis glycosides are the only 
readily available class of inotropic agents that act independently 
of the cAMP second-messenger system. This characteristic 
imparts a degree of safety to the glycosides, with regard to their 
neutral effect on mortality, but simultaneously limits their 
inotropic potency. 52 Because of digoxin J $ potential positive 
inotropic effects and rate-controlling properties for atrial fibrilla¬ 
tion, there is little debate that it is indicated in the treatment of 
dilated cardiomyopathy; however, there is substantial debate 
over its role in the management of mitral valve insufficiency. The 
authors' rationale for the use of digoxin (0.003 mg/kg given 
orally twice daily) in dogs with mitral valve insufficiency is 
primarily its neurohormonal antagonism effect rather than pump 
support. Inhibition of the NaVK + ATPase pump in the vagal 
afferents sensitizes the baroreceptors to the prevailing blood 
pressure, which may decrease sympathetic outflow and renin- 
angiotensin activity, 17 Although the findings are purely anecdo¬ 
tal, the authors have had and continue to have cases in which the 
addition of digoxin to background therapy of furosemide and 
enaiapril has produced dear symptomatic improvement. 

The cardiac glycosides inhibit the action of the NaVKf 
ATPase pump by competitively binding to the extracellular 
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Figure 199-7 The Na + /K + ATPase pump con¬ 
tributes to maintenance of the resting membrane 
potential by actively pumping three Na + ions out 
across the sarcolemmal membrane and two K + ions 
into the cell. The pump therefore is capable of 
maintaining both an electrical and a chemical gradi¬ 
ent. Digoxin competitively binds the K + binding site 
on the extracellular surface, thereby inhibiting 
sodium efflux by means of this mechanism. The 
excessive intracellular Na* reverses the NaVCa 2+ 
exchanger and ultimately promotes an influx of 
Ca 2+ and efflux of Na + , The increased calcium trans¬ 
port augments calcium-induced calcium release from 
the sarcoplasmic reticulum, enhancing contractility. 
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digoxin appears to be a relatively weak inotropic agent in dogs 
with heart failure. Nonetheless, it is the only oral inotropic 
agent that is readily available in the United States. 

Therapeutic levels of digitalis increase parasympathetic tone, 
while blunting sympathetic activation, to promote slowing of 
the sinus node and increased atrioventricular (AV) node refrac¬ 
toriness with decreased conduction velocity. This property 
makes them useful in the management of DCM complicated 
by atrial fibrillation, because the other negative chronotropes 
(e.g., beta blockers, Ca 2+ channel blockers) acutely depress 
systolic function. Digitalis is further indicated for the manage¬ 
ment of symptomatic DCM with sinus rhythm or left to right 
shunting lesions complicated by myocardial failure. Although 
digoxin is not always considered a mainstay of therapy for the 
management of mitral insufficiency, the authors continue to 
use it in cases of heart failure subsequent to chronic degener¬ 
ative valve disease (CDVD). Although some of these mitral 
insufficiency patients fail to attain symptomatic benefit from 
digoxin therapy, the drugs low cost and safety when used 
appropriately continue to make it a useful agent. Digoxin is an 
inappropriate agent to use for rate control in cases of hyper¬ 
trophic cardiomyopathy in which the primary abnormality is 
diastolic rather than systolic dysfunction. Any positive inotropic 
response predisposes HCM patients to the development or 
worsening of systolic anterior motion of the mitral valve, 

Digoxin Digoxin is the digitalis glycoside most commonly 
used in dogs, and it appears to be the most suitable glycoside 
for cats with systolic dysfunction. The bioavailability of 
digoxin after oral administration of the tablet form is approx¬ 
imately 60%. 12 The digoxin elixir shows better bioavailability 
after oral administration (about 75%) and is easier to dose 
appropriately for small dogs. After absorption, digoxin has a 
relatively long and variable serum half-life in dogs, with 
reports ranging from 23 to 39 hours. 12 In cats the duration is 
even more uncertain, with reports of mean half-lives ranging 
from 33.5 hours to 57.8 hours, with even longer half-lives 
during prolonged administration. Because approximately five 
half-lives are required to attain steady-state concentrations of 
a drug, digoxin cannot be expected to produce rapid symp¬ 
tomatic or rate-controlling benefits, Digoxin predominately 
undergoes renal excretion, although a small amount (approxi¬ 
mately 15%) is metabolized by the liver. Renal failure signifi¬ 
cantly reduces the clearance of digoxin and profoundly increases 
the serum concentration, often to the point of intoxication. 
Patients with renal failure that require a cardiac glycoside should 
be given digitoocin because it undergoes hepatic elimination. 

Determining the appropriate dose of digoxin to attain 
therapeutic levels yet avoid digitalis intoxication can be a frus¬ 
trating endeavor. Traditionally, small dogs (less than 20 kg) have 
been treated with 0.005 to 0.008 mg/kg given orally twice 
daily, and larger dogs have been treated based on body surface 
area, with 0.22 mg/m 2 given orally twice daily. The intent with 
these doses was to attain a therapeutic digoxin level of 1 to 
2 ng/mL. The DIG trial found that human mortality varied 
directly with serum digoxin levels, even within this '‘therapeutic" 
range. A new trend has emerged from that data whereby the 
human medical profession has aimed to keep trough levels of 
digoxin at 0.5 to I ng/ml. Whether these recommendations 
hold true for dogs is uncertain, but aiming for the low end of 
the reference range appears to be appropriate. The authors 
currently institute digoxin therapy at a dosage of 0.003 mg/kg 
given orally twice daily. If the digoxin level is subtherapeutie 
5 to 7 days after initiation of therapy, the dosage is increased by 
2 5%, an d the serum level is rechecked a week l ater. This regimen 
is continued until therapeutic levels have been attained. 

A number of factors may influence the distribution of 
digoxin, creating a need for special consideration and moni¬ 
toring. The principal reservoir for digoxin is skeletal muscle, 
therefore dosing recommendations should be based on lean 
body mass. Obese dogs require lower doses of digoxin than 


thin dogs, and the dosing requirement for dogs that experience 
marked muscle loss tends to decline. Patients with right-sided 
heart failure and large volumes of ascites need dosage reduc¬ 
tions because digoxin does not distribute into free abdominal 
fluid. 12 After institution of digoxin therapy, it is most appro¬ 
priate to alter the dosing scheme based on the serum digoxin 
level, the response to therapy, and evidence of intoxication. 

A number of drug interactions also are possible with digoxin. 
The best recognized interaction is between digoxin and the 
class la anti arrhythmic quinidine, When these drugs 
bined f serum digoxin levels increase because quinidine displ 
digoxin from the NaVK + AT Paso pump and reduces its renal 
clearance through inhibition of P-glycoprotein. The binding of 
digoxin with myocardial NaVK* ATPase is Tighter' 1 than that 
with skeletal muscle, therefore the net effect of this drug 
bination is an increase in the likelihood of digitalis intoxication. 
It is recommended that these agents not be used together. 
Fortunately, no interactions have been reported between 
digoxin and the more frequently used class 1 anti-arrhythmics 
procainamide and mexiletine. Most of the other reported 
drug interactions, with amiodarone, verapamil, nifedipine, 
propafenone and, to a lesser extent diltiazem, occur because 
of inhibition of P-glycoprotein, Any agent that alters renal 
blood flow or hepatic microsomal enzymes has the potential 
to disturb digoxin's pharmacokinetics. 

Similar to quinidine, the extracellular potassium concen¬ 
tration can influence digoxin binding to the NaVK + ATPase 
pump. The hypokalemia often associated with anorexia or 
large doses of a diuretic leaves more receptors exposed for 
digoxin attachment, thereby increasing the likelihood of digitalis 
intoxication. With hyperkalemia, more receptors are bound, and 
digoxin is displaced from the NaVK + ATPase. Hypercalcemia 
and hypernatremia promote digoxin's inotropic and toxic prop¬ 
erties, whereas decreased calcium and sodium concentrations 
have the opposite effects. 

Since it was recognized that taurine deficiency was responsi¬ 
ble for most cases of feline DCM, the number of cats receiving 
digoxin has declined over the past decade. The authors still 
encounter an infrequent case of DCM unrelated to taurine 
deficiency, and some cases of restrictive cardiomyopathy have 
such poor systolic function that digoxin is indicated. Cats 
appear to tolerate the tablet form of digoxin better than the 
alcohol-based elixir. The recommended dose is one fourth of 
a 0d 25 mg tablet given orally. Dosing intervals are as follows: 
(1) cats weighing 3 kg or less: every 48 hours; (2) cats weigh¬ 
ing 4 to 5 kg: every 24 to 48 hours; (3) cats weighing 6 kg 
greater: every 24 hours. Because of the variable half-life of 
digoxin in cats, the authors typically monitor serum levels 7 to 
10 days after initiation of therapy. 

Digitalis toxicity Without a doubt, digoxin is a toxic sub¬ 
stance when excessive amounts accumulate. This narrow thera¬ 
peutic index highlights the need for careful client and veterinary 
attention when digoxin is part of a treatment regimen. In the 

authors' experience, when digoxin therapy is instituted at 
a dosage of Q.Q03 mg/kg given orally twice daily, with upti- 
tration based on serum digoxin concentrations, the incidence 
of digitalis toxicity is low both clinically and biochemically. 

Clients should be informed of the most common manifes¬ 
tations of digoxin intoxication and given concise instructions 
on what to do if clinical signs develop. Continuing drug 
administration and waiting until the next recheck is not an 
appropriate step; the authors recommend discontinuation of 
all drugs followed by an immediate veterinary evaluation. It 
should be emphasized that the three regi ons freq uently affected 
by excessive digoxin accumulation are the myocardial, gastroin¬ 
testinal, and central nervous systems. Gastrointestina 1 mani¬ 
festations, which often precede central nervous system (CNS) 
and myocardial toxicity, commonly include anorexia and 
vomiting, presumably from a direct chemoreceptor triggering 
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The development of a specific antibody fragment for cardiac 
glycosides has enabled production of an "antidote" for severe 

digoxin intoxication. Digibind 111 (GlaxoSmith Kline, Durham 
NC) complexes with the digoxin molecule and inhibits binding 
to the Na + /K + ATFase pump, quickly resolving dmg intoxica¬ 
tion. Unfortunately, this drug is expensive, and its use in clinical 
practice therefore is limited. 

Deficiencies of the Triple Drug Regimen 

Early Institution of Therapy 

Despite the relative safety and symptomatic benefit of triple 
drug therapy (Le,, furosemide, enalapril, and digoxin), this 
regimen has limitations. A possible ineptitude of this combi¬ 
nation for the early treatment of cardiac disease is the mech¬ 
anism by which ACE inhibitors promote their beneficial 
response. It is logical that, for these drugs to blunt the adverse 
consequences of the renin-angiotensin system, the system 
must be activated. In response to RA$ activation after cardiac 
injury, the heart hypertrophies to normalize cardiac output 
and wall stress. Within physiologic limits, this hypertrophy, 
possibly combined with the inhibitory effects of circulating 
atrial natriuretic peptide, may be able to restore the renin- 
angiotensin system to resting levels. 

Studies that have evaluated activation of the RAS in normal 
dogs, in dogs with asymptomatic dilated cardiomyopathy, and 
in dogs with symptomatic dilated cardiomyopathy tend support 
to this hypothesis, 54 ' 55 In a study by Koch et al., 54 23 dogs were 
evaluated; nine dogs had asymptomatic DCM, eight had symp¬ 
tomatic DCM, and six had severe congestive heart failure sub¬ 
sequent to DCM. Sixteen giant breed dogs without evidence of 
cardiac disease were used to establish the neuroendocrine con¬ 
trol values. In dogs with asymptomatic dilated cardiomyopathy, 
the plasma renin activity and aldosterone concentrations were 
not significantly different from those in control dogs (1.48 
versus 0.89 and 35 versus 61, respectively). In dogs with symp¬ 
tomatic DCM and congestive heart failure, significant activation 
of the neurohormonal axis was seen compared with normal 
dogs and those with asymptomatic DCM, Plasma renin activity 
and aldosterone concentrations increased substantially between 
dogs with functional class III and class IV heart failure (3.8 
versus 30,8 and 123 versus 600, respectively). Tidholm et ah 55 
further evaluated activation of the neurohormonal systems of 
45 dogs: 15 dogs with DCM and radiographic evidence of heart 
failure, 15 dogs with DCM without evidence of heart failure, 
and 15 age-, breed-, and gender-matched control dogs. They, too, 
found that in dogs with asymptomatic DCM, plasma renin activ¬ 
ity, aldosterone concentrations, and N-terminal (NT)-pro atrial 
natriuretic peptide levels were not significantly different from 
those in control dogs. Dogs with DCM and congestive heart 
failure showed significant differences in all three variables com¬ 
pared with normal dogs and those with asymptomatic DCM. 

Investigation of the effects of mitral valve insufficiency on 
the circulating neurohormonal system has also proved inter¬ 
esting, with some conflicting results. Pedersen et ah 56 evalu¬ 
ated the plasma renin and aldosterone concentrations of 18 
Cavalier King Charles spaniels with asymptomatic or mildly 
symptomatic mitral insufficiency. Compared with 18 Cavalier 
King Charles spaniels without signs of heart disease, the 

plasma renin levels (median 3.44 versus 2.51, P 
aldosterone concentrations (median 53 versus 27, P = 0,03) 
were significantly higher in dogs with valvular insufficiency. 
Haggstrom et ah 57 repeatedly evaluated 11 Cavalier King 
Charles spaniels with mitral insufficiency at 6-month intervals 
until signs of decompensation developed. The dogs did not 
receive cardiac medications during the study, and their diets 
remained the same throughout. The time of decompensation 
was considered the end-point of the study (situation 2), and the 
two most recent study periods (at 4.6 ± 2,2 months [situation 1 ] 
and 11.7 ± LB months [situation 0]) prior to decompensa¬ 
tion completed the three periods analyzed. The investigators 


effect exerted by digoxin. The serum concentration at which 
gastrointestinal signs develop is extremely variable. Some dogs 
have digoxin-associated anorexia at subtherapeutk drug con¬ 
centrations, whereas others do not show any evidence of tox¬ 
icity even with serum concentrations well above the 
therapeutic range. It can be difficult to determine whether the 
anorexia is associated with digoxin administration, azotemia 
secondary to a decreased GFR or renal insufficiency, poor diet 
palatability, or worsening heart failure. A biochemical profile, 
serum digoxin determination, and thoracic radiographs should 
be obtained in any digoxin-treated dog with heart failure that 
suddenly develops anorexia. In the absence of complicating 
factors such as azotemia or pulmonary edema, the authors 
temporarily discontinue digoxin administration even if the 
serum level is within the therapeutic range. If the pet's appetite 
returns (suggesting digoxin-associated anorexia), a lower 
digoxin dose may be instituted or the drug may be discontin¬ 
ued all together. Digoxin does not provide enough mortality 
benefit or positive inotropic response to warrant administra¬ 
tion in the face of profound anorexia or other complications, 

Although the myocardial complications may be more dif¬ 
ficult for owners to recognize, they often are the most serious, 
Digoxin toxicity may induce almost every known cardiac 
arrhythmia, including both bradyarrhythmias and tachyarrhyth¬ 
mias. First- and second-degree AV block, sinus bradycardia, and 
sinus arrest are presumably influenced by digoxin's parasym¬ 
pathomimetic properties. Life-threatening ventricular tachy¬ 
arrhythmias may develop as a consequence of cellular calcium 
overload. Excessive calcium precipitates late afterdepolariza- 
tions, whereby oscillations within the diastolic membrane 
potential periodically reach threshold and produce a pre¬ 
mature complex. The slowed conduction and altered refrac¬ 
tory period may then precipitate re-entry, yielding ventricular 
tachycardia. Obviously, determining whether the ventricular 
arrhythmia is associated with digoxin administration or is a 
manifestation of the underlying disease process may be diffi¬ 
culty but in general, discontinuation of digitalis is indicated. 

The CNS alterations mediated by digoxin toxicity may 
indude depression, disorientation, or delirium. Again, deter¬ 
mining whether such clinical signs are attributable to digitalis 
intoxication or progression of the underlying disease process 
often is difficult. These patients should be evaluated for hypoten¬ 
sion, in addition to having their serum digoxin levels measured- 

Treatment of digitalis toxicity The aggressiveness with which 
digoxin toxicity is treated depends on the manifestation of 
intoxication rather than the serum digoxin level. Gastrointestinal 
disturbances can frequently be managed by discontinuation of 
the drug. Dogs with bradyarrhythmias are often asymptomatic, and 
withdrawal of digoxin is the only therapeutic alteration required. 
In the rare case of symptomatic patients, short-term adminis¬ 
tration of atropine may be required while the toxic digoxin con¬ 
centrations expire. The most aggressively managed complication 
of digitalis intoxication is ventricular tachyarrhythmias. 

The class lb antiarrhythmie drug lidocaine is the first-choice 
agent for acute management of digitalis-induced ventricular 
tachycardia. It is effective at targeting late afterdepolarizations 
without substantially affecting the sinus rate or AV nodal 
conduction. An initial bolus of 2 to 4 mg/kg is administered 
intravenously over 1 to 2 minutes, followed by a constant-rate 
infusion to suppress the arrhythmias. Lidocaine should be 
administered conservatively to cats because they are more 
sensitive to the neurotoxic side effects. Although infrequently 
used, phenytoin also appears efficacious for the treatment of 
digoxin-induced arrhythmias. 

Because hypokalemia may precipitate digoxin toxicity and 
limit the efficacy of antiarrhythmie agents, it is important to 
evaluate the serum potassium concentration and to correct 
underlying deficits. Because of its ability to bind competitively 
the NaVK + ATFase pump, potassium can displace digoxin from 
the myocardium, thereby decreasing the likelihood of toxicity. 
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found that N-terminal atrial natriuretic peptide (ANP) 
centrations increased significantly from situation 0 to situation 
1 and were further increased from situation 1 until the time 
of decompensation (situation 2]. Plasma aldosterone concen¬ 
trations were not significantly different from situation 0 to sit¬ 
uation 1 but were found to decrease significantly at the time 

of decompensation (P c 0.01). Plasma angiotensin II 

trations were not significantly different between situation 0 
and situation 1 or between the beginning of the study and the 
end of the study, but similar to the aldosterone levels, 
angiotensin II was significantly decreased between situation ] 
and situation 2 (P < 0.05), The investigators concluded that 
the reductions in circulating angiotensin H and aldosterone 
at the onset of decompensation likely occurred subsequent to 
the elevation in ANP levels. Atrial natriuretic peptide has 
been reported to directly inhibit the release of renin and 
aldosterone and to promote a reduction in intravascular 
volume, thereby limiting RAS activation in the early stages of 
decompensation. 57 However, significant, long-term elevation 
of ANP in cases of severe heart failure may promote receptor 
downregulation, attenuating the inhibitory activity on the rerun- 
angiotensin system. 58 Renal hypoperfusion and enhanced 
elimination of ANP may further blunt the counterbalancing 
activity of ANP, possibly allowing the RAS to accelerate the 

progression of heart failure unabated.^ 

Although it was determined that systemic, circulating RAS 
is not activated at the onset of heart failure in Cavalier King 
Charles spaniels or in asymptomatic dogs with DCM, 


animals: when is the 


appropriate time to initiate therapy? 
Although ACE inhibitors have proved efficacious at delaying 
the onset of heart failure in humans with asymptomatic left 
ventricular dysfunction, no similar published studies exist to 
support this conclusion in dogs and cats. 23 A double-blind, 
placebo-controlled study of 229 Cavalier King Charles spaniels 
with asymptomatic mitral regurgitation found that enalapril 
unable to delay the onset of heart failure (Figure 199-8). 44 
Although this study has been criticized on some counts (e.g., 

inadequate dose of ACE inhibitor [0.25 to 0.5 mg/kg daily], 

use of a single breed with a disease course that may not be 
representative of all dogs, and insufficient statistical power), it 
nonetheless was a 4,5-year endeavor that remains the largest 
published evaluation of therapy aimed at delaying the onset of 
heart failure in dogs with asymptomatic mitral regurgitation. 
These findings cannot completely exclude the potential for 
other ACE inhibitors to delay the onset of heart failure in 
cases of mitral insufficiency or the possible benefit of early 
institution of ACE inhibition in dogs with DCM or cats with 
HCM; however, while awaiting study findings on those ques¬ 
tions , the authors will continue to delay institution of ACE 
inhibitor therapy until cardiac disease has progressed to a point 
where diuretics are needed to control congestion. 


con- 
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Therapeutic Efficacy in Dilated Cardiomyopathy 

versus Mitral Insufficiency 

Activation of the ren in - angiotensin system occurs subsequent to 
one of three major stimuli: decreased renal perfusion pressure, 
reduced sodium delivery to the macula densa, or sympathetic 
activation. 60 Therefore many cardiovascular and systemic 
disease processes may promote renin release, with eventual 
production of angiotensin II. Despite the potential for ACE 
inhibitors to blunt angiotensin 11 formation, they may have 
variable efficacy in alleviating the clinical signs of heart failure, 
depending on the underlying disease process. 

The potential for discrepancies in response to ACE inhibitor 
therapy seemed apparent in the IMPROVE and COVE studies, 
which evaluated enalapril in the management of heart failure 
subsequent to dilated cardiomyopathy or mitral regurgitation 
(MR). 41 i n both studies, dogs with DCM appeared to show 
a more dramatic response compared with those that had MR. 
After 28 days of enalapril therapy, the dogs with DCM 
showed significant improvement, compared with animals 
receiving placebo, in the class of heart failure, pulmonary 
edema scores, overall evaluation, mobility, attitude, activity, 
demeanor, cough (total, night, normal activity, and exercise), 
and appetite scores. 42 Dogs with MR allocated to enalapril 
showed significant improvement only in overall evaluation, 
mobility, activity, and cough (total). 42 It was noted that a 
longer study may have identified further significant improve¬ 
ments in patients with mitral regurgitation. 


recog¬ 
nition that local tissue pathways exist for the RAS may still 

support early institution of ACE inhibition. Canine ventricular 
myocytes have been recognized locally to contain the con¬ 
stituents of the RAS that may promote ventricular remodeling 
in an autocrine fashion. 59 Dogs subjected to rapid ventricular 
pacing to induce heart failure were compared with control 
dogs that were instrumented but not paced. Using 
transcriptase polymerase chain reaction (RT-PCR) and Western 
blot testing, Barlucchi et ah 59 found significant differences in 
canine myocyte RAS activity between control and failing 
hearts. Angiotensinogen expression was increased 2.5-fold 
(P < 0.001), renin was increased 3,6-fold 
forms of ACE identified at 134 and 170 
1,45-fold (P < 0.005) and 1.44-fold (P < 0.002), respectively, 

and the AT l receptor subtype of angiotensin II was increased 
1.7-fold : P < 0.001] after 4 weeks of pacing. Angiotensin II 
levels measured by enzyme-linked immunosorbent assay 
(ELISA) were increased 2.2-fold [P < 0.004) in dogs subjected 
to pacing, whereas no significant differences 
chymase expression (P 
myocyte AT 2 receptor subtype of angiotensin II (P < 0.06). 59 

These findings point out one of the most challenging 
questions in the treatment of cardiac disease in companion 
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Figure 199-8 Early insti¬ 
tution of enalapril therapy 
was unable to delay the 
onset of congestive heart 
failure in a study of 229 
asymptomatic Cavalier King 
Charles spaniels. (From Kvart 
C: Efficacy of enalapril for 

prevention of congestive 
heart failure in a study of 
229 cases of asymptomatic 
myxomatous valve disease 
and asymptomatic mitral 
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attenuate the development of interstitial fibrosis and car- 
diomyocyte hypertrophy while increasing capillary density 64 
Although the frequency and likelihood of aldosterone escape 
are unknown in dogs treated with ACE inhibitors, it seems 
prudent to consider spironolactone administration for patients 
treated with enalapril. Currently the optimal dosing scheme 
for dogs is unknown; however, the authors combine spirono¬ 
lactone (2 mg/kg given orally twice daily) with their standard 
therapy (furosemide and enalapril with or without digoxin) to 
further combat the detrimental consequences of aldosterone. 
Whether this is the optimal regimen or whether spironolac¬ 
tone promotes symptomatic or survival benefit in dogs with 
heart failure is unknown at this time. 

Beta-blockers Similar to what happens in humans, in dogs 
with congestive heart failure the body activates the sympathetic 
nervous system and RAS in an effort to maintain homeostasis. 
Unfortunately these short-term compensatory mechanisms 
promote adverse hemodynamic and biochemical alterations 
that ultimately contribute to weakness, debilitating congestive 
signs, deterioration of cardiac function, and ultimately death. 

The IMPROVE and COVE investigators identified the short- 

term utility of enalapril in combating dilated cardiomyopathy, 
and since then ACE inhibition has become routine ther¬ 
apy 4 M2 Although it has not been evaluated in controlled clin¬ 
ical trials, the loop diuretic furosemide appears to have a 
potent effect in alleviating the congestive clinical signs that 
frequently accompany heart failure. The efficacy safety, and 
affordability of furosemide have made it a mainstay in the 
management of heart failure. Because systolic dysfunction is 
the primary phenotypic manifestation of dilated cardiomy¬ 
opathy, the authors' ideal therapy would further use an agent 
that augments systolic performance without promoting 
adverse events. In humans, long-term administration of beta 
agonists and phosphodiesterase inhibitors is marred by the 
resultant increase in mortality and in hospitalizations for heart 
failure. Whether these findings would also be reflected in 
large-scale canine trials is unknown, but the historical adverse 
events have caused pharmaceutical companies to abandon 
their marketing in the United States. Thus digoxin is the pri¬ 
mary positive i not rope available to improve systolic function. 
Although it has been reported to produce ecbocardiographically 
identifiable improvements in fractional shortening in some dogs, 
it remains a relatively weak positive inotrope. 53 

Just when some investigators had given up on the search for 
a safe positive inotropic agent, new investigations have identified 
a drug class that increased measures of systolic performance 
while decreasing mortality and hospitalizations. Surprisingly, 
this class of drugs is the beta blockers. 

Agents that antagonize beta receptors act by interfering 
with the endogenous neurohormonal system. The primary 
integrator of the neurohormonal response to arterial underfilling 
appears to be the sympathetic nervous system, 19 Excessive 
catecholamine levels promote a daunting number of detrimental 
effects: peripheral vasoconstriction, impaired sodium excre¬ 
tion by the kidneys, myocardial hypertrophy with impaired 
coronary flow, provocation of arrhythmias, apoptosis, and 
myocytolysis. 17 Some researchers suggested that blockade of 
this primary integrator may retard the unrelenting nature of 
heart failure, whereas others were reluctant to blunt the effects 
(e.g,, positive inotropic and chronotropic) of this potentially 
beneficial system. The proponents of beta blockade contended 
that these potential benefits are already self-limited by inter¬ 
nalization and degradation of beta receptors in response to 
elevated circulating levels of norepinephrine. To settle the 
controversy, large-scale, placebo-controlled trials were con¬ 
ducted to identify the potential benefits of anti adrenergic 
therapy. In these studies, the second-generation beta blockers 
bisoprolol and metoprolol and the third-generation beta 
blocker carvedilol were shown to reduce mortality substantially 


Subsequently, a longer term study was performed in an 
effort to determine the effects of enalapril on the survival of 
dogs with heart failure. 5 Dogs with DCM or 
developed congestive heart failure were enrolled and ran¬ 
domly allocated to enalapril or placebo in addition to receiv¬ 
ing standard medical therapy The dogs were followed until 
death, treatment failure (defined as deterioration of condition 
requiring additional medications), or termination of the study. 
In contrast to the short-term investigations, dogs with mitral 
insufficiency randomized to enalapril remained in this study 
significantly longer than those randomized to placebo (mean, 

159.5 days versus 86.6 days, F 

subgroup showed no significant differences (mean, 142.8 days 

versus 56,5 days, P = 0.06), 5 

Although no steadfast conclusions can be drawn from the 
differences between the short- and long-term studies, these 
findings highlight the difficulty in extrapolating across disease 
conditions. Furthermore, they should show the pitfalls of 
extrapolating results from human studies, in which the vast 
majority of patients have left ventricular dysfunction secondary 
to coronary artery disease or myocardial infarction. Until fur¬ 
ther studies can better elucidate the benefits or detriments of 
current veterinary medical management, practitioners must 
continue to rely on anecdotal evidence, presumption, and 
clinical judgment. 

Failure to Target Of/ter Neurohormonal Pathways 
An additional limitation of triple drug therapy is the failure to 
target two of the neurohormonal modulators that perpetuate 
cardiomyocyte necrosis and ventricular fibrosis. Studies have 
shown that adrenergic stimulation decreases cardiomyocyte 
viability by means of cAMP-mediated calcium overload and 
that aldosterone promotes myocardial hypertrophy and fibro¬ 
sis, autonomic imbalance, and electrolyte imbalances that may 
pred p i tate arrhyth mias. 16 - 61 

Potential therapeutic strategies 

Aldosterone antagonists The neurohormonal hypothesis of 
heart failure gains further support from the fact that the 
aldosterone antagonist spironolactone has proved efficacious 
in the management of severe heart failure in humans. Studies 
have recognized that small concentrations of aldosterone can 
stimulate cardiac fibroblast expression of type I and type III 
collagen, thereby promoting myocardial fibrosis. Although 
ACE Inhibitors are considered effective at reducing aldosterone 
levels by inhibiting the formation of aldosterone's primary 
secretagogue, angiotensin II, there is mounting evidence of a 
phenomenon called aldosterone escape . 29 Increased potassium 
levels induced by ACE inhibitors and decreased hepatic clear¬ 
ance may contribute to this RAS-independent increase in 
aldosterone, 19 It also has become apparent that local tissue 
pathways for the production of aldosterone exist in extra- 
adrenal sites, although the importance of these tissue pathways 
has not been clarified. 19 Because aldosterone impairs normal 
vasodilative responses, promotes myocardial fibrosis, potenti¬ 
ates the sympathetic nervous system, and influences electrolyte 
transport, a recent strategy to target heart failure has been the 
administration of aldosterone antagonists.^ 

Addition of the aldosterone antagonist spironolactone to 
the baseline therapy of patients with severe heart failure pro¬ 
duced a 30% reduction in mortality and a 35% reduction in 
the frequency of hospitalization for worsening heart failure. 62 
Although identification of the mechanism by which spirono¬ 
lactone exerts its beneficial effects was not the aim of the 
Randomized Aldactone Evaluation Study (RALES) group, a 
small sub study of 261 participants suggests that limitation of 
aldosterone-stimulated collagen synthesis is the major contribu¬ 
tor. 63 In a recent model of experimental heart failure created 
in dogs, the aldosterone antagonist eplerenone was able to 
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in patients with a reduced ejection fraction. 65 - 67 Because the 
study protocols included stringent observation, slow upward 
drug titration, and recruitment of patients with stable rather 
than decompensated heart failure, most of the patients enrolled 
in these trials were able to tolerate the short-term negative 
inotropic effects associated with beta blocker administration. 
With long-term administration, at 4 to 12 months of treatment 
beta blockers were found to induce a time-dependent process of 
reverse remodeling in which systolic function improved as 
myocardial hypertrophy regressed and the ventricular geome¬ 
try normalized. 6 ® Among the medications used to treat heart 
failure, this improvement in intrinsic systolic function appears 
to be unique to beta blockers. Based on these results/ beta 
blocker administration currently is recommended for humans 
with stable heart failure secondary to systolic dysfunction. 17 

The primary types of beta blockers evaluated thus far have 
been those that selectively inhibit the beta] receptor (metopro- 
lol and bisoprololj and that antagonize hetai, beta 2 , and alpha] - 
adrenergic receptors (carvediiol). Although carvedilo! blocks 
peripheral vasodilative beta 2 receptors, it concurrently blocks 
vasoconstrictive alpha r adrenergic receptors, thereby enhancing 
its tolerance in patients afflicted with systolic dysfunction. In 
patients with mild to moderate heart failure, the reported tol- 

for beta r selective antagonists ranges from 79% to 100%, 
whereas carvediiol is tolerated by approximately 92% of 
patients. 6 * The most recent carvediiol study was performed in 
patients with stable NYHA class IV heart Failure and an ejec¬ 
tion fraction of less than 25%. Despite the severity of their dis¬ 
ease, at 4 months 65% of patients assigned to carvediiol 
receiving the target dose of their assigned medication, 67 

The safety and efficacy of beta blockers in the management 
of heart failure have been more critically evaluated in con¬ 
trolled drug trials than has any other class of drugs. A 
analysis of 18 published double-blind, placebo-controlled trials 
involving primarily NYHA class II and class III heart failure that 
were conducted through 1998 revealed persuasive positive 
effects on mortality, hospitalization, and the ejection fraction. 
Beta blockers reduced the risk of death by 32% and the risk of 
hospitalization for heart failure by 41% while increasing the 
ejection fraction by 29%. 69 Patients assigned to beta blockers 
were 32% more likely to show improvement in their heart fail¬ 
ure class and 30% less likely to experience worsening heart fail¬ 
ure, 69 Large-scale trials of bisoprolol, metoprolol, and carvediiol 
have been reported since 1998, in which mortality reductions 
of 34%, 34%, and 35%, respectively, were identified. 65 -® 7 These 
impressive findings have led to small-scale investigations into 
the management of canine heart failure with carvediiol. While 
the results of those trials are awaited, new treatment strategies 
for the management of canine dilated cardiomyopathy and 
degenerative mitral valve disease can he hypothesized. 

Beta-blockers for the management of DCM The manage¬ 
ment of canine dilated cardiomyopathy is often frustrating and 
unrewarding. Two retrospective analyses have shown median 
survival times of 65 days and 27 days, and 1-year survival prob- 
ab ili ties of 37,5% and 17.5% h ave been reported. 2 « 3 Th e prog- 
nosis for Doberman pinschers appears even worse, with a 
reported median survival time of 6,5 weeks and a 1 -year survival 
probability of 3%. 4 Survival times may since have improved 
with more robust use of ACE inhibitors, but dilated cardio¬ 
myopathy seems to progress much more rapidly in dogs than 
in humans. Approximately 25% of human patients referred 
major medical centers with newly diagnosed dilated cardiomy¬ 
opathy die within 1 year, and the 5-year survival rate is 50%. 70 

This discrepancy between humans and dogs in the rate of 
disease progression poses a problem for the management of 
DCM in dogs. As previously described, beta blockers have 
proved to be one of the most effective agents for combating 
heart failure, because their a ntia dr energic properties offset the 


toxic and hemodynamic derangements induced by norepi¬ 
nephrine, Unfortunately, therapy for 1 to 3 months appears 
be necessary before any improvement in systolic function is rec¬ 
ognized, and administration for up to 18 months is needed for 
reversal of maladaptive remodeling with reduction in left 
ventricular volumes, 71 " It therefore seems that many dogs with 
dilated cardiomyopathy would not live long enough to reap 
the beneficial effects of beta blockers. The percentage of dogs 
that would tolerate the short-term negative inotropic effects 
induced by beta blockade also is uncertain. 

A potential remedy for this situation may be concurrent, 
low-dose administration of a positive inotropic agent during 
the uptitration and early target phases of beta blocker therapy 
The phosphodiesterase inhibitor and calcium 
pimobendan may satisfactorily fulfill this role. A study evalu¬ 
ating the effectiveness of carvediiol therapy compared with 
a combination of carvediiol and pimobendan found that 
withdrawal of therapy because of worsening of heart failure 
occurred less often in the combination group. 72 

Similar to amrinone and milrinone, pimobendan is able to 
improve cardiac contractility, promote ventricular relaxation, 
and induce vasodilatation by increasing cAMP levels. 
However, pimobendan also has calcium-sensitizing properties 
that increase contractility by enhancing the interaction 
between troponin C and the prevailing cytosolic calcium 
level. Compared with agents that increase cAMP, a calcium 
sensitizer has several benefits: (1) it lowers the risk of induc¬ 
tion of arrhythmias; (2) it reduces ceU injury and death caused 
by calcium overload; {3) it exerts its effects without increas¬ 
ing energy demands; and (4) it has the potential to reverse sys¬ 
tolic dysfunction in the face of acidosis and myocardial 
stunning. 73 In a study of humans with heart failure, pimoben¬ 
dan was able to increase exercise capacity significantly with¬ 
out increasing oxygen consumption. 74 Proarrhythmic effects 
were not identified during 24-hour electrocardiography, but a 
trend toward increased mortality was seen in the patients 
assigned to pimobendan. Enrollment criteria excluded any 
patients treated with beta blockers, therefore whether combi¬ 
nation therapy may have reduced the trend toward increased 
mortality is speculative. Nonetheless, the concept of combin¬ 
ing a novel positive inotropic agent with a slowly titrated beta 
blocker may very well deserve attention. Unfortunately, 
pimobendan currently is not available in the United States, 
and the use of beta blockers in the management of DCM 
should be considered purely investigational 

Beta-b foe kers for the management of chronic degenerative 
valve disease The authors currently manage CDVD with 
furosemide, an ACE inhibitor, and digoxin, with the addition 
of spironolactone in moderate to severe cases. This combina¬ 
tion directly targets excessive plasma volume and the renin - 
angiotensin system while indirectly combating activation of 
the sympathetic nervous system, A new concept may include 
the addition of a beta blocker to antagonize directly the detri¬ 
mental consequences of adrenergic activation. A recent study 
evaluated the hemodynamic effects of the ACE inhibitor lisino- 
versus a combination of lisinopril and the beta blocker 
atenolol in the treatment of experimental mitral regurgita¬ 
tion. 75 Lisinopril was found to reduce significantly left ventric¬ 
ular end-di astolic pressure, pulmonary capillary wedge pressure, 
and end-diastolic stress, but it had no marked effect 
forward stroke volume or left ventricular contractility. 
Three months after the addition of atenolol to this regimen, 
forward stroke volume and left ventricular contractility had 
returned to normal. Whether this effect occurred subsequent to 
an additional 3 months of ACE inhibition or was mediated by 
the beta blockade is uncertain. Regardless, this study suggests 
that direct adrenergic antagonism may prove beneficial in the 
management of CDVD, and further studies may be warranted. 
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Management of Refractory Congestive Heart Faiiure 

Over time, many patients become refractory to standard medical 
therapy as disease progression continues or if a concurrent sys¬ 
temic disease process develops that exerts detrimental effects 
on the cardiovascular system (e.g„ hyperadrenocorticism, 
hypothyroidism, renal failure, systemic Hypertension, neopla¬ 
sia, anemia, pneumonia, or pulmonary thromboembolism). 
Infrequent causes of an acute bout of decompensation include 
the development of hemodynamically important arrhythmias, 
sudden rupture of chordae tendineae, or splitting of the left 
atrial wall subsequent to severe mitral insufficiency and ele¬ 
vated left atrial pressure. For these reasons, any patient that 
continues to show clinical signs of congestion or low cardiac 
output despite appropriate medical therapy should he closely 
re-evaluated. After determining whether the owner is adminis¬ 
tering the prescribed drugs at the appropriate intervals, 
the practitioner should obtain an ECG, thoracic radiographs, 
complete blood count, biochemical profile, and blood pressure 
measurement, Echocardiography often is warranted to charac¬ 
terize the severity of valvular insufficiency, the extent of chamber 
enlargement, and the degree of systolic dysfunction. 

If an underlying disease process is identified, it should be 
managed appropriately before institution of therapy with new 
cardiac drugs. Attempts should be made to suppress significant 
ventricular arrhythmias; agents capable of slowing conduction 
through the atrioventricular node (e,g,, calcium channel blockers 
or beta blockers) may be required to help control the ventricular 
response rate in the face of atrial fibrillation. Potent afterload 
reduction with nitroprusside or hydralazine often is required 

to combat the effects of ruptured chordae tendineae. Left atrial 
tears are difficult to manage. 

If no underlying disease process is identified, several_ 

gies may be used to manage these refractory patients (Figure 
199-9), Afterload reduction using arterial vasodilators, preload 
reduction using additional diuretics or venodil a tors, or addi¬ 
tional neurohormonal blockade using beta blockers or spirono¬ 
lactone maybe warranted. The route of diuretic administration 
may be modified, or positive inotropic agents periodically may 
be given intravenously. The inherent risks and complications of 
treatment are greatest in patients with refractory heart failure, 
and referral to a specialist is wiser than embarking 
ventional treatment protocol. 


veins (balanced vasodilators). Although these drug classes pro¬ 
mote a similar therapeutic end-point, vasodilatation, a variety 
of mechanisms are involved in achieving their effect. 

Heart failure is associated with activation of the sympathetic 
nervous system and renin-angiotensin system. In the face of 
decreased cardiac output, these systems promote arteriolar 
vasoconstriction to maintain adequate perfusion pressure and 
venoconstriction to enhance venous return to the heart. 
Unfortunately, the arteriolar vasoconstriction further increases 
the workload of the failing heart; more energy must be 
expended to overcome high systemic vascular resistance, and 
less energy is available to expel blood into the aorta. Stroke 
volume (and hence cardiac output [CO]) decreases, but sys¬ 
temic vascular resistance (SVR) continues to increase in an 
effort to maintain blood pressure (BP = CO x SVR). The 
increase in preload promoted by ven©constriction also proves 
detrimental because the diseased heart, operating on the plateau 
of the Frank-Starling curve, is unable to further hypertrophy 
increase its contractility. Ventricular end-diastolic pressures 
begin to rise, leading to the eventual formation of edema. 

Based on these hemodynamic sequelae, it seemed apparent 
that a reduction in afterload and/or preload ultimately would 
reduce mortality. Interestingly, the first V-HeFT study found 
that prazosin, the agent most capable of reducing blood pres¬ 
sure, was unable to reduce mortality compared with placebo, 13 
The combination of hydralazine and isosorbide dinitrate 
reduced mortality, but in the V-HeFT II trial, enalapril 
more effective than the combined vasodilators at preventing 
death. 22 This beneficial effect was seen despite the inability of 
the ACE inhibitor to reduce blood pressure. Ob%dously blood 
pressure and systemic vascular resistance are not synonymous, 
but these findings have detracted from the use of potent after- 
load reducers in the routine management of heart failure. 
Venodilators may still be effective at reducing the develop¬ 
ment of edema, hut the problem of drug tolerance has limited 
their use to animals with refractory heart failure. 
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Amfodipine Amlodipine is a second-generation, dihy- 
dropyridine (DHP) calcium channel blocker that primarily 
produces arteriolar vasodilatation and is used in the treatment 
of systemic hypertension. Unlike the non-DHPs diltiazem and 
verapamil, amlodipine has little effect on conduction through 
the atrioventricular node, and its negative inotropic properties 
appear to be offset by a reduction in afterload. Although 
amlodipine was unable to reduce mortality in an evaluation of 
1153 patients with left ventricular dysfunction and 
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Vasodilatars 


Vasodilators promote smooth muscle relaxation of the arteri¬ 
oles (arterial vasodilators), veins (venodilators), or arteries and 
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Figure 199“9 Although therapy must be tailored 
on a 

not start medical therapy in asymptomatic patients. 
As the disease progresses over time and compensatory 
mechanisms overwhelm traditional ACE inhibitor, 
diuretic, and digoxin therapy, other strategies 
be used to combat congestive and low-output signs. 
Currently the optimal time for institution of ther¬ 
apy with aldosterone antagonists is uncertain. 
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Figure 199-10 Left ventricular systolic pressure 

is influenced by the systemic vascular resistance, 
therefore agents capable of reducing afterload have 
the potential to decrease the volume of mitral 
insufficiency while increasing the effective forward 
stroke volume. 


heart failure (P = 0,07), it did reduce the mortality rate by 
31% (P - 0,04 1 in the subgroup of patients with nonischemic 
DCMJ 4 Despite this mortality benefit, 14 of the 209 patients 
with DCM assigned to amlodipine developed pulmonary 
edema [compared with 2 of 212 patients assigned to placebo). 
The mechanism involved in this development was uncertain. 

An interesting application of amlodipine therapy may be for 
severe mitral valve insufficiency. A reduction in systemic vascu¬ 
lar resistance (and hence the systolic left ventricular to left atrial 
pressure gradient) may serve to decrease the volume of mitral 
valve insufficiency (Figures 199-10 and 199-11), Potential ben¬ 
efits of amlodipine are its 30-hour half-life and peak effect in 
4 to 7 days after institution of therapy to dogs. This slow onset of 
action may give the baroreceptors time to reset, thereby avoid¬ 
ing sympathetic activation and reflex tachycardia. The effective 
dose of amlodipine seems to vary; a common strategy is to insti¬ 
tute therapy at a low dose (0.05 mg/kg given orally once daily), 
followed by slow* titration up to 0.2 mg/kg until a reduction in 
blood pressure is achieved. Because of the drug 's long half-life, 
the authors typically monitor blood pressure weekly, using 
uptitration until the target blood pressure is attained. 

Hydralazine Hydralazine is a direct-acting arterial vasodilator 
that promotes vasodilatation through an unknown mechanism. 
It was studied in the 1980s for the management of CDVD in 
dogs and was found to produce substantial decreases in mean 
arterial blood pressure, total systemic resistance index, and 


pulmonary capillary wedge pressure. 76 Since that time, 
hydralazine appears to have been pushed aside by the ACE 
inhibitors in the management of uncomplicated heart Failure, 
This trend likely resulted from the commonly encountered side 
effects of hydralazine (i.e, symptomatic hypotension, anorexia, 
vomiting, and diarrhea), the presence of elevated aldosterone 
levels seen after hydralazine therapy compared with captopril, 

and the significant results of the V-HeFT II trial. 77 

Hydralazine is still used in the acute management of decom¬ 
pensated heart failure when nitroprusside is unavailable (or 
impractical to use) because of its rapid onset of action. Similar 
to amlodipine, the reduction in systemic vascular resistance 
may reduce the volume of mitral insufficiency and promote an 
increase in the forward stroke volume. In contrast to amlodip¬ 
ine, the peak vasodilative effect of hydralazine occurs within 
3 hours and subsides within 1 2 hours. Unfortunately, this 
characteristic may result in reflex tachycardia and further stim¬ 
ulation of the sympathetic nervous system and RAS, A study 
by Haggstrom et a). 31 identified significant increases in heart 
rate and plasma aldosterone and angiotensin II concentrations, 
as well as evidence of fluid retention, in Cavalier King Charles 
spaniels with mitral insufficiency that were treated with 
hydralazine monotherapy for 3 weeks. These findings suggest 
that ACE inhibitors should be used concurrently with 
hydralazine if chronic afterload reduction is warranted. 

For the management of fulminant congestive heart failure, 
hydralazine may be administered at a dosage of 2 mg/kg given 
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Figure 199-11 After administration of the calcium 

channel blocker amlodipine, the regurgitant stroke 
volume in dogs with mitral insufficiency was significantly 
reduced (by 18*9%). Although these data look promis¬ 
ing, it should be noted that this study had no control 
population, the echocardiographer was not blinded, and 
no data evaluation of the neurohormonal consequences 
of afterload reduction was performed. (Courtesy 
Dr. Mark Oyama, University of Illinois College of 
Veterinary Medicine, Urbana-Champaign.) 
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orally twice daily to dogs with a systolic blood pressure above 
1 00 mm Hg. The authors recommend blood pressure moni¬ 
toring, with the twin goals of avoiding hypotension and mon¬ 
itoring therapeutic efficacy. Ideally the increase in effective 
cardiac output will counterbalance the hydralazine-mediated 
reduction in systemic vascular resistance, preventing the 

development of symptomatic hypotension. 

Nitrates The nitrates, which include nitroglycerin, isosor- 
hide dinitrate and isosorbide mononitrate, and nitroprusside, 
are a class of vasodilators that promote the formation of nitric 
oxide. Although nitroprusside administered intravenously is 
a potent balanced vasodilator, topical and oral administration 
of nitroglycerin and oral administration of isosorbide dinitrate 
and isosorbide mononitrate appear to promote primarily ven- 
odilatation. The premise behind venodilatation is to promote 
redistribution of the circulating blood volume from the heart 
and pulmonary vasculature to the systemic venous circulation. 
This reduction in preload should decrease ventricular end- 
diastolic, atrial, and pulmonary capillary pressures, shifting the 
Frank-Starling curve to the left and alleviating pulmonary 
edema. Currently the efficacy of nitrates in the management 
of chronic heart failure is uncertain and may be limited by 
nitrate tolerance , the phenomenon in which continued drug 
exposure reduces the agent’s effectiveness. 

Nitroglycerin A 2% topical formulation of nitroglycerin 
combined with furosemide and oxygen (with or without 
hydralazine) is frequently used in the management of acute 
heart failure. Anecdotal recommendations have called for appli¬ 
cation of nitroglycerin cream to a clipped or hairless region ( 1/2 
to 2 inches every 6 to 8 hours for dogs; / 4 -inch every 6 to 
8 hours for cats) to promote continuous transdermal absorption 
and venodil atari on. Studies evaluating the absorption of cuta- 

neously applied nitroglycerin, the optimal site for topical 
administration, and the efficacy of this therapy for dogs or cats 

with heart failure have not been reported. There is a report that 
nitroglycerin applied to the auricular pinna promotes splenic 
vasodilatation in normal anesthetized dogs, but by no means 
should nitroglycerin replace furosemide as the primary agent 
for reducing preload and alleviating pulmonary edema. 7 ® 

Isosorbide dinitrate and isasaA?ide mononitrate Isosorbide 
di nitrate and its major metabolite, mononitrate, are orally 
administered venodil a tors that may help reduce preload and 
hence pulmonary edema. Similar to nitroglycerin, the orally 
administered nitrates have not been extensively studied in nat¬ 
urally occurring heart failure. However, Adin et a ]. 79 were 
unable to document circulatory redistribution after a single 
dose of isosorbide mononitrate in normal dogs or in those with 
heart failure. Whether nitrates can regress cardiac remodeling in 
naturally occurring heart failure remains to be investigated .® 0 

Although their efficacy is unknown, isosorbide dinitrate 
(0.5 to 2 mg/kg given orally twice daily) and isosorbide 

mononitrate (0,25 to 2 mg/kg given orally twice daily) occa¬ 
sionally are used in the management of refractory heart fail¬ 
ure or in combination with hydralazine or amlodipine for 
patients unable to tolerate ACE inhibitors. Whether dosing- 
free intervals are required to combat the development of 
nitrate tolerance for dogs and cats is unknown. 

Triple Diuretic Therapy 

Although twice-daily administration of a loop diuretic appears 
to be the regimen most frequently used to manage congestive 
heart failure, there are physiologic benefits to altering the 
dosing frequency or combining agents from different classes. 
Although not a true component of diuretic resistance, the 
activity of the nephron in the absence of therapeutic diuretic 
concentrations must be kept in mind. The loop diuretics 
currently available are not long-acting formulations. Therefore 

the original diuretic effects have dissipated well before the 
administration of a second daily dose. During this time, when 


it is not inhibited, the Na + /KV2Cl~ pump promotes avid 
sodium resorption, possibly to a degree that negates any pre¬ 
vious natriuretic effect . 27 This highlights the point that, in 
cases of worsening heart failure, three times daily dosing of 
furosemide may be more beneficial than merely increasing the 
twice daily dose. In cases of right-sided heart failure, in which 
oral drug absorption may be impaired, changing the type of 
administration to the subcutaneous or intramuscular route 
may prove beneficial. Administration of a diuretic by means of 
a const ant-rate infusion may prove the most beneficial during 
emergency treatment of heart failure, although frequent, 
moderate doses likely achieve a similar end-point. 

No matter the dosing interval or the route of administration, 
the segments of the nephron distal to the loop of Henle are capa¬ 
ble of producing diuretic resistance. Increased solute exposure to 
the distal nephron promotes hypertrophy and increased resorp- 
tive capacity of the early distal tubule, the connecting tubule, and 
the cortical collecting duct. KI Although the exact mechanisms are 
unclear, aldosterone has been implicated as promoting this pro- 

Strategies to combat diuretic resistance associated with 
long-standing administration of a loop diuretic include ( 1 ) addi¬ 
tion of a thiazide diuretic to encourage diuresis in the hypertro¬ 
phied region and/or ( 2 ) addition of an aldosterone antagonist to 
target the proposed hypertrophic mechanism, This synergistic 
nephron blockade, using multiple agents with activity in different 
regions of the nephron, may allow a reduction in the dose of 
furosemide required to control the patient’s congestive signs. In 
the authors' experience, furosemide and spironolactone, com¬ 
bined with conservative doses of hydrochlorothiazide, have palli¬ 
ated the congestive signs of many heart failure p ati ents. However, 
this more aggressive diuretic management predisposes the 
patient to the development of electrolyte abnormalities and a 
reduction in cardiac output and the GFR unless care is taken to 
avoid overzealous volume contraction. Outpatients should be 
carefully and periodically evaluated through biochemic al profiles 
to make sure that adverse effects are avoided. 

Additional factors that can contribute to diuretic resistance 
include ( 1 ) poor cardiac output, which impairs delivery of the 
diuretic to its site of action; ( 2 ) prominent activation of the 
renin-angiotensin system; and (3) hypokalemia, which may 
impair the efficacy of the diuretic. If concern exists about 
diuretic resistance, care should be taken to optimize the ACE 
inhibitor dose, to correct electrolyte imbalances, and to combat 
low-output conditions. 

Dietary Sodium Restriction 

Historically, sodium restriction has been recommended for 
patients with cardiovascular disease to decrease the delivery 
of sodium to and its resorption in the distal tubule .® 2 This 
recommendation was in place well before any of the current 
understanding of the renin-angiotensin system developed, and 
it therefore may need to be reevaluated. 

It currently is recognized that reduced sodium concentra- 
tions at the macula densa serve as a stimulus for renin release 
and subsequent production of angiotensin. A study of Cavalier 
King Charles spaniels with mild asymptomatic mitral valve 
insufficiency showed that a low-sodium diet (17 mg/kg/day) 
was associated with higher plasma renin activity and aldos¬ 
terone concentrations than a control diet (96 mg/kg/day ]. 83 
In light of the concern that activation of neurohormonal 
pathways promotes the progressive nature of cardiovascular 
disease, the authors currently do not use sodium restriction in 
asymptomatic patients. Whether symptomatic patients receive 
clinical benefit from sodium restriction is uncertain, but one 
study found that dogs with mitral valve insufficiency that were 
fed a low-sodium diet (24 mg/kg/day) had significantly smaller 
left atrial and left ventricular dimensions than they did wften fed 
a moderate-sodium diet (42 mg/kg/day). N Only a small number 
of dogs with dil ated cardiomyopathy were enrolled in the study, 
but no significant differences in their echocardiographic 
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parameters were seen between the two diets. Despite ACE 
inhibitor therapy, greater than 70% of the dogs enrolled in the 
study had increased baseline concentrations of ANP and 
increased plasma renin activity and aldosterone concentra¬ 
tions; however, the dietary modifications were not associated 
with significant alterations from baseline.** 4 

Whether exclusively feeding a low-sodium diet to patients 
with heart failure is feasible often hinges on the palatability of 
the diet and the willingness of the owner to abandon treats 
and table scraps. Although uncertain of its clinical benefit 
potential detriment, the authors often recommend a low- to 
moderate-sodium diet for patients with refractory heart fail¬ 
ure. As evidenced by the study by Mallery et ah, 
a large contributing factor [68%) in the decision for euthana¬ 
sia; therefore caution, education, and a willingness to abandon 
the regimen must accompany the prescription of a potentially 
less palatable, sodium-restricted diet. 

Management of Heart Failure Secondary 
to Diastolic Dysfunction 

Maintenance Therapy 

After stabilization, furosemide is switched to oral administration 
and the dose is decreased [6.25 mg given twice daily) to prevent 
excessive preload reduction, dehydration, and hypokalemia. In 

of hypertrophic cardiomyopathy, additional drugs may be 
instituted to reduce the heart rate and improve diastolic filling. 
Drugs frequently used in the management of HCM include the 
beta blocker atenolol and the calcium channel blocker diltiazem. 
Calcium channel blockers theoretically can exert a beneficial 
effect in the management of HCM by modestly reducing the 
heart rate and contractility, thereby diminishing myocardial 
oxygen demand. Diltiazem may promote a direct positive 
lusitropic effect, and verapamil may partially reduce coronary 
endothelial dysfunction compared with propranolol. 05 86 
Atenolol (6.25 to 12.5 mg given orally every 12 to 24 hours) 
appears to exert better rate control and more consistently allevi¬ 
ates left ventricular outflow tract obstruction compared with dil¬ 
tiazem. Beta-adrenergic blockade may also prevent myocardial 
fibrosis by inhibiting catecholamine-induced cardiotoxicity and 
may combat ventricular arrhythmias by decreasing myocardial 
oxygen consumption. One theoretical disadvantage of the use of 
beta blockers in the management of diastolic dysfunction is that 
phospholamban is an inhibitory protein that controls the rate of 
diastolic calcium uptake into the sarcoplasmic reticulum. Beta- 
adrenergic stimulation phosphorylates phospholamban and 
removes this inhibitory effect. Beta blockade may prevent this 
phosphorylation (and therefore decrease diastolic calcium uptake) 
and further impair the active process of ventri cular relaxation. 

Similar to beta blockers, with their proposed neurohor- 
monal benefits, ACE inhibitors likely are beneficial in the 
management of feline HCM. The authors have seen cats with 
symptomatic cardiomyopathy show marked neurohormonal 
activation. 07 With this finding, and with the frequent require¬ 
ment for furosemide to control pulmonary edema, it appears 
prudent to use enalapril (1.25 to 2.5 mg given orally every 12 
to 24 hours) in the management of diastolic dysfunction. 
Although there is concern that afterload reduction may pre¬ 
cipitate dynamic left ventricular outflow tract obstruction, 
recent data suggest that ACE inhibitors can be used safely in 
cats with systolic anterior motion of the mitral valve, 


calcium binding to troponin C or by affecting the cross-bridge 
turnover kinetics without increasing cytosolic calcium 
levels. 89 A potential drawback to clinical use of pure calcium 
sensitizers would be the enhanced reactivity of troponin C 
with diastolic cytosolic calcium levels, which would slow the 
process of myocardial relaxation, 73 In an attempt to avoid this 
potential diastolic dysfunction, most of the agents under 
investigation today use a combination of phosphodiesterase 
(PDE) inhibition and calcium sensitization. Because these 
drugs produce both calcium sensitization and PDE inhibition, 
it becomes difficult to determine whether the positive 
inotropic action stems from enhanced reactivi ty of troponin C 
and Ca 2+ or cAMP-mediated phosphorylation of phospho- 
proteins, or a combination of the two. 

In an effort to elucidate the mechanisms of the positive 
inotropic effects of pimobendan, EMD 53998, levosimendan, 
and OR-1896, 

whether these drugs were capable of increasing left ventricular 
contractility (+d?/dt) without altering the myoplasmic Ca 2+ 
transient. 90 Each agent was administered at variable concentra¬ 
tions, and subsequently +dP/dt, myocardial calcium transients, 
phosphorylation of key intracellular phosphoproteins, and 
myocardial cAMP levels were measured. The investigators found 
that low concentrations of levosimendan and OR-1896 
capable of increasing left ventricular contractility without 
affecting Ca 2+ transients or myocardial cAMP levels and with¬ 
out promoting significant phosphorylation of troponin I and C 
proteins. 5 * 1 Administration of low concentrations of pimoben¬ 
dan or EMD 53998 produced more pronounced increases in 
Ca 2 * transients compared with increases in left ventricular con- 
txactAity. As the administration dose increased, all of the agents 
caused an increase in 4dP/dt that was associated with further 
increases in myocardial cAMP levels and phosphorylation of 
intracellular phosphoproteins. 90 The investigators therefore 
concluded that pimobendan, EMD 53998, and higher doses of 
levosimendan and OR-1896 exerted positive inotropic proper¬ 
ties through PDE inhibitkm-mediated responses rather than 
through calcium sensitization. 90 These researchers felt that 
their results lent support to the premise that low-dose levosi- 

were capable of augmenting left ven¬ 
tricular contractility by increasing the response of the 
myofilaments to the prevailing calcium concentrations. 90 

It should be noted that these conclusions are far from 
universally accepted. Other investigators, including Endoh, 
have found that pimobendan can elicit a positive inotropic 
effect even in the presence of carbachol, a muscarinic recep¬ 
tor agonist that is useful for differentiating cAMP-mediated 
effects from those classified as calcium sensitization. Endoh s 
report found that although levosimendan appears to have 
calcium-sensitizing properties, it must rely on simultaneous 
activation of cAMP-mediated signaling processes. 73 

The varying results of these studies show that the precise 
mechanisms by which the calcium sensitizers exert a positive 
inotropic effect is uncertain and that long-term controlled 
studies are required to evaluate the effects of these drugs 
the heart rate, arrhythmogenesis, and sudden death. 

Pimobendan Despite its questionable calcium-sensitizing 
properties, pimobendan currently is the most investigated 
agent in this drug class. Similar to other agents in this class, 
pimobendan combines calcium sensitization and PDE inhibition 
to circumvent any diastolic dysfunction. However, this same 
property carries the potential for cAMP~dependent increases in 
arrhythmogenesis. Despite its predominantly cAMP-mediated 
inotropic effect, pimobendan can increase cardiac contractility 
to a degree similar to that of dobutamine but at a lower oxygen 
cost for contractility. 91 Although pimobendan appears to 
lower myocardial oxygen consumption, the stigma associated 
with positive inotropic agents, especially those that increase 
cAMP concentrations, may have doused early enthusiasm for 
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FUTURE PROSPECTS CURRENTLY UNDER 
INVESTIGATION 


Medical Therapy 

Search for a Safe Positive Inotropic Agent 
A class of drugs currently receiving attention in the manage¬ 
ment of congestive heart failure is the calcium sensitizers. 
These agents can augment systolic performance by enhancing 
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pimobendan in the United States, Although not available in the 
United States, pimobendan currently is available in Canada, 
Europe, and Japan and has undergone several small to medium- 
sized investigations in hum am and dogs. 

Multiple pimobendan trials have been completed in 
humans with heart Failure. 74 92 The results of these trials have 
been variable, pointing out both apparent beneficial effects 
and questionable, undesirable side effects. 

A recent piacebo-controlled study has been published that 
evaluated pimobendan therapy (0.3 to 0.6 mg/kg/day) in a small 
number of Doberman pinschers and cocker spaniels with dilated 
cardiomyopathy. 93 The addition of pimobendan to standard 
therapy with digoxin, enalapril, and furosemide was associated 
with a significant improvement in the heart failure class. The 
cocker spaniels allocated to placebo and to pimobendan showed 
statistically similar median survival times (537 days versus 1037 
days, P = 0.77), whereas the Doberman pinschers allocated to 
placebo had significantly shorter median survival times than 
those given pimobendan (50 days versus 329 days, P < 0.02), 93 

This small study highlighted several findings. The first 
interesting finding is that cocker spaniels with dilated car¬ 
diomyopathy appear to have the potential for long-term 
survival. At the conclusion of the 4-year study, six of the 10 
cocker spaniels were still alive (two in the pimobendan group 
and four in the placebo group). Three of the four dogs that 
had died (one in the placebo group and two in the pimoben¬ 
dan group) were euthanized for non cardiac disease; the fourth 
dog, allocated to pimobendan, died suddenly within 1 month 
of diagnosis. The study was too small to allow assessment of 
the propensity of pimobendan to exacerbate arrhythmias, 
but the drug may have contributed to the cocker spaniel's 
sudden death. 

Another interesting aspect of this study is that although 
positive inotropic therapy may prolong survival in Doberman 
pinschers with DCM, it may be prudent to randomize 
patients with atrial fibrillation (AF) separately from those 
without this condition. Historically Doberman pinschers with 
atrial fibrillation have had an abysmal 2,9-week median sur¬ 
vival time.' 1 The pimobendan randomization happened to allo¬ 
cate three Doberman pinschers with AF into the placebo 
group and only one into the pimobendan group. This may 
have negatively affected survival in the placebo group, but it 
should be noted that the Doberman with atrial fibrillation 
that was treated with pimobendan survived for 37 weeks. 93 

The observed reduction in heart failure class associated with 
pimobendan therapy likely will prompt further investigations 
into this agent. Whether pimobendan administration to dogs 
produces a trend toward increased mortality, as identified in the 
Pimobendan in Congestive Heart Failure (PICO) trial, is uncer¬ 
tain. 7 ' 1 Whether the combination of low-dose pimobendan and 
a beta blocker would have synergistic properties in dogs with 
dilated cardiomyopathy is uncertain but is an interesting con¬ 
cept, The study by Mallery et al, 7 continues to pose the ques¬ 
tion of whether a small but significantly increased incidence of 
sudden death in dogs should preclude the availability of an 
agent with the potential to enhance their quality of life. 

Angiotensin II Receptor Antagonists 
The beneficial effects of ACE inhibitors have largely been 
attributed to these drugs' ability to decrease the formation of 
angiotensin II and increase circulating levels of bradykimn. 
However, alternative, ACE-independent pathways for the pro¬ 
duction of angiotensin II, including tissue plasminogen activator, 
cathepsin G, tonin, and chymase, may enable AT II "escape" 
even with administration of ACE inhibitors. 32 A study of patients 
treated with a variety of ACE inhibitors identified angiotensin II 
'reactivation” in 15% of patients. 29 This process occurred in the 
face of both high and low levels of ACE activity, which suggests 
that alternate pathways were responsible for the production 
of angiotensin II. As a potential strategy for offsetting these 


alternate angiotensin Il-generating pathways, agents capable 
of directly antagonizing the AT II receptors were developed. 

Two subtypes of angiotensin II receptors have been identified 
in humans; angiotensin II type 1 (AT t ) and angiotensin II type 2 
(AT 2 ). Although these receptors belong to the same family, some 
researchers have suggested that their biologic activities differ 
markedly (Figure 199-12 ), 32 AT] receptors are found primarily 
in the adrenal glands, vascular smooth muscle cells, kidney, and 
heart, where they mediate almost exclusively all the known 
actions of angiotensin 11 on blood pressure and osmoregula¬ 
tion. 32 AT 2 receptors are expressed in high density during fetal 
development; in adults they are found less abundantly in the 
adrenal medulla, uterus, ovary, and vascular endothelium and in 
areas of the brain, AT 2 receptors appear to mediate biologic pro¬ 
cesses that counteract the trophiQ AT [-mediated responses. 32 
Agents capable of blocking the AT* receptor subtype were 
developed with the aim of achieving more complete angiotensin 
11 antagonism than is obtained with ACE inhibitors. Also, selec¬ 
tively targeting the AT 3 receptor subtype would still allow for 
the potentially beneficial actions mediated by the AT^ receptors 
and avoid common side effects, predominantly coughing, associ¬ 
ated with ACE inhibitor therapy in humans. It is believed that 
the increased circulating levels of bradykinin promoted by ACE 
inhibitors contribute to these drugs' side effects, but it must be 
noted that this same property, which is lacking in AT II receptor 
antagonists, may contribute to the ACE inhibitors 1 success in the 
management of heart failure. 

Efforts to determine whether ACE inhibitors or angiotensin II 
receptor antagonists were superior or noninferior quickly 
followed the development of the latter agents. An early 
study, the Evaluation of Losartan in the Elderly (ELITE) trial, 
lent support to the premise that ATII receptor blockade may 
yield mortality benefits compared with ACE inhibitors. 94 Other 
studies that examined various subgroups followed. Mortality 
and morbidity end-points were examined to determine 
whether AT II inhibitors are preferable to ACE inhibitors. 94 ' 9 *’ 

The results of ELITE II and the Valsartan Heart Failure Trial 
(Val-HeFT) suggest better tolerability of AT 1] inhibitors com¬ 
pared with ACE inhibitors, but these studies provide no data to 
support the superiority of AT II inhibitors in the management 
of heart failure subsequent to systolic dysfunction. The pro¬ 
posed significant benefit behind combination therapy with 
AT N inhibitors and ACE inhibitors identified in Val-HeFT is 
limited after the ACE inhibitor-naive subgroup is removed 
from the analysis. 97 Of additional concern was the fact that vab 
sartan, compared to placebo, had an adverse effect on mortality 
(P - 0.009) in patients previously treated with ACE inhibitors 
and beta blockers. 96 Although these results cannot be extrapo¬ 
lated to veterinary medicine and because clinical trials have not 
been performed in dogs or cats with naturally occurring heart 
failure, the current utility of angiotensin II receptor antagonists 
appears limited. 

Neutral Eruiopeptidase Inkibitors 

With the success of the ACE inhibitors established, research 
interests quickly shifted to additional, potentially beneficial 
neurohormonal pathways. Based on the recognition that AN? 
can promote natriuresis and diuresis and can directly inhibit the 
release of renin and aldosterone, new agents were developed in 
an effort to increase ANP s circulating concentration. Neutral 
endopeptidase (NEP) is an enzyme that inactivates several 
substrates, including natriuretic peptides, angiotensins, and 
bradykinins. 98 It was hypothesized that drugs capable of inhibit¬ 
ing NEP may prove beneficial in the management of congestive 
heart failure as single agents or in combination therapy Early 
studies of the NEP inhibitor ecadotril given to dogs with pacing- 
induced heart failure showed increased urine output, sodium 
clearance, and renal sodium excretion compared with dogs 
given placebo 9S Another short-term study of ecadotril identi¬ 
fied a dose- and time-dependent reduction in left ventricular 
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Figure 199-12 The formation of angiotensin II 
may follow ACE-dependent or ACE-independent 
pathways. Despite the potential for angiotensin II 
receptor blockers to promote more complete antago¬ 
nism, current studies in humans have found them no 
better than traditional ACE inhibitors at combating 
heart failure. 
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end-diastolic pressures in dogs with experimental heart failure 
produced by repeated coronary embolization." Long 
administration of ecadotril (3 months) in dogs with left 
tricular dysfunction produced by sequential intracoronary 
microembolizations was recently reported to attenuate left ven¬ 
tricular remodeling and progressive left ventricular dysfunction 
compared with dogs receiving placebo. 100 

Despite these findings, NEP inhibitors administered as single 
agents appear to have fallen out of the research arena. A com¬ 
munication on behalf of the International Ecadotril Multi- 
Centre Dose-Ranging Study reported findings from a study of 
279 patients with chronic heart failure randomized to placebo 
or one of four doses of ecadotril. 101 The study's primary aim was 
to evaluate the safety and tolerability of ecadotril at doses of 50- 
400 mg twice daily. Two patients randomized to the highest 
dose of ecadotril developed pancytopenia at 47 and 53 days, 
and died rapidly of sepsis. The presence of a thioester group 
within the compound suggested an idiosyncratic ecadotril - 
induced aplastic anemia that was potentially dose related. 101 
Lower doses of ecadotril were not associated with adverse 
tions. Although the study was not powered to exclude symp¬ 
tomatic benefit, patient-reported symptoms and quality of 
life-scores were unable to reveal any overall symptomatic ben¬ 
efit during the administration of ecadotril. 101 A similar, smaller 
pilot study from the United States evaluating 50 patients 
domized to placebo or ecadotril, 50 to 400 mg twice daily did 

not identify any adverse sequela but again there 
changes identified in signs and symptoms of heart failure, 
NYHA class, or patient self-assessment of symptoms. 102 

Vos opeptidas e Inhibitors 

Although it is difficult to determine the reasons for the relative 
lack of efficacy seen in the small pilot studies of ecadotril, the 
problem may have been that the drug increased not only natri¬ 
uretic peptide levels but also the levels of circulating angiotensin 

II. More recently a group of drugs that can inhibit NEP and 
ACE, the so-called vasopeptidase inhibitors , has been developed. 

Omapatrilat has been the most rigorously evaluated vasopep- 
tidase inhibitor in several trials for die management of conges¬ 
tive heart failure. No significant difference was seen in the 
primary end-point of combined risk of death or hospitalization 
for heart failure requiring intravenous treatment (P = OT87) 


between omapatrilat and ACE inhibitors. 104 To date, the inabil¬ 
ity of vasopeptidase inhibitors to provide substantial benefit 

compared with the proven efficacy of ACE inhibitors may limit 
their clinical utility. 

Endotheiin Antagonists 

Endotheiin, a peptide released from endothelial cells, has 
powerful vasoconstrictive activity. Currently three peptides, 
endotheiin -1, endothelin-2, and endothelin-3, and two recep¬ 
tor subtypes, ET A and ET B , have been identified. In principle, 
endothelin-1 promotes vasoconstriction by complexing with 
the ET a receptor and vasodilatation by binding to the ET B 
receptor, but this is somewhat species dependent In addition 
to its vasodilative properties, the ET b receptor may promote 
vasoconstriction in some regional blood vessels, including the 
mesenteric and coronary vasculature. 105 

Although endotheiin s name suggests that it is produced only 
in vascular endothelial cells, the genes that encode the three pep¬ 
tides have been identified in varying patterns in vascular smooth 
muscle cells, cardiac myocytes, renal tubular epithelial cells, 
bronchia] epithelial cells, glial cells, pituitary cells, macrophages, 
and mast cells. 105 Therefore the importance of endotheiin may 
extend well beyond simple vasoconstriction and include addi¬ 
tional pleiotropic effects on many non vascular tissues. Although 
endoth elin is suspected of being linked to systemic hypertension, 
pulmonary hypertension, vascular remodeling, and acute renal 
failure, the emphasis of this discussion is on potential applica¬ 
tions of endotheiin to the progression of heart failure. 105 

Heart failure, through increased filling pressures and 
decreased peripheral perfusion, promotes activation of numerous 
neurohormonal reflexes to maintain cardiac output and circu¬ 
latory homeostasis. Activation of the RAS and SNS and the 
release of arginine vasopressin are recognized to increase the 
concentration of circulating vasoconstrictors (Le*, angiotensin II, 
norepinephrine, and vasopressin) and to promote maladaptive 
remodeling. Furthermore, it has been shown that these compen¬ 
satory mechanisms enhance the production of endotheiin, 105 
Increased endotheiin binding to the ET a receptors promotes 
vasoconstriction and smooth muscle cell proliferation, thereby 
further diminishing cardiac performance through afterload 
mismatch. Studies have also shown that the ET b receptors 
become upregulated and can promote vasoconstriction and 
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cardiac dysfunction, and diagnostic tests allowing early detec¬ 
tion of cardiac disease must be developed. 

Ventricular Resynch romzatio n 

Although systolic dysfunction classically is believed to be a 
myocardial phenomenon, the important role the cardiac conduc¬ 
tion system plays in maintaining optimal cardiac performance 
is often forgotten. The normal conduction pathway modulates 
the contraction rate, the mechanical efficacy of atrial systole, 
and the co-ordination of the ventricular chambers. 1,4 In humans 
the presence of an intraventricular conduction delay, typically 
in a left bundle branch block pattern, promotes disco-ordinate 
contraction, with early activation of the septal wall followed 
by delayed lateral contraction at higher stress, 1 14 The presence 
of this conduction defect has been associated with a 60% to 
70% higher risk of all-cause mortality and has remained an 
independent risk factor after adjustment for age, underlying 
cardiac disease, severity of heart failure, and treatment with 
ACE inhibitors or beta blockers, 115 The problem of ventricu¬ 
lar discordance has long been recognized in patients w ith arti¬ 
ficial ventricular pacemakers, and efforts to approximate the 
ventricular activation sequence more closely (i.e., by pacing 
the right ventricular outflow tract rather than the apex) have 
been shown to increase cardiac output. 1 

Recently a similar approach, called cardiac resynchronization 
therapy (CRT), has been used in patients with congestive heart 
failure and intraventricular conduction delay. Biventricular pacing 
uni ventricular pacing of the left ventricular free wail has 

improved the contractile index +dP/dT miW and arterial pulse pres¬ 
sure within a single beat of commencement of pacing. 134 The 
proposed benefits of CRT include a reduction in end-systolic and 
end-diastolic volumes and the ability to promote reverse remod¬ 
eling. Ventricular resynchronization has been associated with 
increased systolic function despite a decline in myocardi al oxygen 
consumption. 134 This contrasts with traditional cAMP-dependent 
inotropic therapy and may explain the ability of biventricular 
pacing to improve functional patient status while promoting 
mortality benefits. Unfortunately, the ability of CRT to improve 
heart failure class and reduce mortality in veterinary medicine 
may be limited by the low r prevalence of intraventricular con¬ 
duction disturbances in dogs with dilated cardiomyopathy 

Stem Cells and Cellular Transplantation 

Historically it has been recognized that cardiac and neural 
tissues lack the large postnatal regenerative capacity seen in 
the epithelial layers of the skin, intestinal and pulmonary 
mucosal linings, and connective tissues. Therefore the ability to 
repopulate areas of ischemic myocardium with cells capable 
of promoting angiogenesis or areas of fibrosis with cells that 
contribute to contractile function could prove curative. 

Numerous cell types have been identified that may serve as 
potential sources for tissue grafting, including skeletal myoblasts, 
fetal cardiomyocytes, smooth muscle cells, embryonic stem cells 
and bone marrow-derived stromal and hematopoietic stem 
cells. 320 Because of the complex electrophysiologic, structural, 
and contractile properties of myocardial cells, cardiomyocytes 
appear to be the ideal donor cells. The difficulty lies in harvest¬ 
ing and transplanting enough cells to mitigate the degree of car¬ 
diac dysfunction. The isolation of pluripotent stem cells from 
mouse blastocysts in 1981 may have provided the key to an end¬ 
less vault of viable, transplantable cardiomyocytes. 

The promise of stem cells lies in their capacity for pro¬ 
longed self-renewal and their potential to differentiate into 

cell types. Embryonic stem (ES) ceils display 
wide-ranging plasticity, which allows them to form derivatives 
of all three germ layers. Their ability to undergo near endless 
cell doublings w r hile retaining the capacity to differentiate into 

cell types further advances their therapeutic potential. 
However, beyond the ethical considerations involved in the 


cardiac fibrosis in the presence of heart failure. 1 ' 1 *’ These find¬ 
ings have raised the possibility of administration of ET A recep¬ 
tor antagonists or a combination of ET A /ET 5 receptor 
antagonists to combat heart failure. 

Chronic administration of endothelin antagonists to labora¬ 
tory animals with experimental heart failure and acute admin¬ 
istration to humans with heart failure resulted in beneficial 
hemodynamic profiles* In rats with heart failure induced by 
coronary artery ligation, the combination of an ACE inhibitor 
and an endothelin [ET A ) antagonist lowered the systolic blood 
pressure and the left ventricular end-systolic and left ventricu¬ 
lar end-diastolic pressures significantly more than the ACE 
inhibitor or endothelin antagonist alone, 107 However, the drug 
combination did not significantly improve survival or reduce 
left ventricular weight and collagen density compared with rats 
randomized to an ACE inhibitor alone, i’ndothelin antagonism 
without the benefit of ACE inhibition did not result in a sur¬ 
vival benefit compared with untreated rats with heart failure. 

Despite these promising hemodynamic profiles, early evi¬ 
dence suggests that chronic nonselective and ET A -selective antag¬ 
onism of endothelin receptors is of limited benefit in patients 
with severe heart failure The Endothelin Antagonist Bosentan for 
Lowering Cardiac Events in Heart Failure (ENABLE) trial eval¬ 
uated the nonselective endothelin antagonist bosentan, which 
has proved beneficial in pulmonary hypertension, for the 
management of humans with NYHA class llfb-IV heart fail¬ 
ure and an ejection fraction of less than 35%. The patients ran¬ 
domized to Bosentan appeared to have an increased early risk 
of worsening heart failure requiring hospitalization, 

These studies appear to highlight the fact that hemody¬ 
namic benefit may not equate with clinical benefit. Whether 
lower doses of the endothelin antagonists and slow up titration 
might prove beneficial is unresolved at this time; however, the 
results of studies to date may have curtailed the momentum 
for the use of endothelin antagonists in the management of 
chronic heart failure. 

Interventional Therapy 

Passive Ventricular Constraint 

In the early 1990s an experimental 'Ventricular assist" technique 
was developed in which a patient's native skeletal muscle was 
wrapped around the failing ventricles to provide cardiac sup¬ 
port. The latissimus dorsi, connected to a synchronizable burst 
stimulator, w T as used in an effort to increase cardiac contractility 
and hence functional status. 110 The utility of dynamic cardio- 
myoplasty held promise because it alleviated the need for 

cardiac bypass, donor organs, and immunosuppression, which 
requ Lred for cardiac transplantation. The feasibility of dynamic 
cardiomyop 1 asty in dogs was subsequently documented, and 
researchers found a potential for improved contractile function 
even during contractions that were not assisted by myostimula¬ 
tion of the latissimus dorsi. 111 

Although dynamic cardiomyoplasty has failed to gain promi¬ 
nence in the management of heart failure, the potential for 
limiting ventricular dilatation by means of passive constraint has 
prompted further study. The premise is that passive ventricular 
constraint may significantly slow* or stabilize the remodeling 
process that accompanies heart failure. Because the constraint is 
passive and does not require myostimulation, a synthetic wrap 
could be used, simplifying the surgical procedure. 

Despite the potential benefit of passive ventricular constraint 
in these models, the fact remains that veterinary patients tend 
to be presented for evaluation after severe cardiac dysfunction 
has already developed. New diagnostic modalities may allow 
for earlier detection of occult cardiac disease, but the variable 
nature of disease progression could still complicate the deter¬ 
mination of which patients should be fitted with a cardiac 
support device* At this time, further studies are required to 
evaluate the efficacy of passive ventricular constraint in severe 
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of human embryonic stem cells (which veterinary practitioners 
may not face], many other hurdles must be overcome. One of 
the most important obstacles is defining a methodology 

generate reproducible, spontaneous cardiomyocyte-differenti- 

ating stem cells with sufficient purity for clinical purposes, 120 
Emerging evidence suggests that an unknown combination of 
growth factors, transcription factors, feeder layers, and physi¬ 
cal properties is involved in early cardiomyocyte differentia¬ 
tion, 12 " Delivery systems such as intracoronary catheterization 
techniques, intramyocardial injection, transendocardia] deliv¬ 
ery by means of catheter-based systems, and intravenous 
administration are currently being evaluated and refined to 
optimize the long-term survival of the grafted cells, to ensure 
the delivery of a critical mass of viable cells, and to promote 
the appropriate alignment with the host cells. 120 These steps 


are vital to the functional and structural integration of stem 
cells in the host tissue. 1,20 The immunogenicity of embryonic 
stem cells poses yet another challenge. 

Stem cells are not confined to embryos; rather, small numbers 
of stem cells can be harvested from adult hone marrow. These 
adult mesenchymal stem (MS) cells maintain an undifferenti¬ 
ated phenotype in culture and appear to have the capacity for 
multilineage differentiation. 121 The potential benefits of 
autologous adult MS cells, including ease of attainability, lack 
of immunogenicity, and absence of ethical objections, have 
prompted widespread research into their use in the manage¬ 
ment of cardiovascular disease. It remains to be seen whether 
repopulation of the myocardium with these cells is feasible in 
veterinary medicine and whether a sufficient number of viable 
cells to enhance systolic function can be delivered. 
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Congenital Heart Disease 
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DEFINITION 


radiographs provide a wealth of information that can be used to 
make a provisional diagnosis and to guide the formulation of 
appropriate treatment plan. To this end, every veterinarian should 
be familiar with the most common congenital diseases and should 
be able to counsel owners regarding the prognosis, the treatment 
options, and the impact on breeding programs. 


an 


The term congenital heart disease includes morphologic and func¬ 
tional abnormalities of the heart and adjacent great vessels that 
are present at birth. These abnormalities are defined as congeni¬ 
tal even if they are not discovered until much later in life. 
Congenital heart disease arises from altered or arrested embry¬ 
onic development of the rudimentary heart. The eventual 
sequences of such a failure can indude gross anatomic alterations 
and/or inability of the heart to perform its normal Junctions of 
maintaining normal venous and arterial pressures and providing 
adequate perfusion of the tissues with oxygenated blood. 


con- 


HISTORY AND PHYSICAL EXAMINATION 


The diagnostic approach for animals with congenital heart 
disease is similar to that used to evaluate animals with 
acquired disease. In this regard, the evaluation should always 
include a careful history and complete physical examination. 
When assembling the history, the clinician should take care to 
note the breed of the patient, because many congenital dis¬ 
eases have a suspected or proven genetic basis, and most have 
breed predilections. Whenever possible, the health records of the 
sire, dam, and any siblings should be reviewed. Additional testing 
(e.g., electrocardiography, radiography, and echocardiography) 
usually is advisable, depending on die clients expectations, the 

nature and severity of the disease, and the medical or surgical 
treatment options available. 

History 

The breed and age should always be considered in the evalua¬ 
tion of animals suspected of having congenital heart disease. 
Table 200-1 shows the breed predilections reported for canine 
cardiac defects in North America and Europe. 1 ^ These associa¬ 
tions support the suspected genetic basis of many malformations. 
Gender predispositions to congenital heart disease are weak or 
poorly established in dogs except for the higher prevalence of 
patent ductus arteriosus in females. In ca ts. Siamese, 
Burmese, and Asian shorthair breeds may be predisposed to 


CLINICAL APPROACH TO CONGENITAL 

HEART DISEASE 


Malformations of the heart and great vessels constitute a relatively 
small but clinically important percentage of cardiovascular disor¬ 
ders in dogs and cats. tol4a ‘ The types of defects, pathogenesis, and 
etiology of disease that afflict animals and humans are remarkably 
similar, and most of the diagnostic and therapeutic methods used 
in veterinary cardiology have been adapted from those used in the 
management of children and adults with congenital heart disease. 
Although absolute diagnosis and evaluation of congenital heart 
disease may require echocardiography or cardiac catheterization, 
a complete physical examination, electrocardiography, and chest 


* References with a superscript (a) correspond to the reference 
from the third edition with the same number; those with 


a super¬ 
script (b) correspond to the reference from the fourth edition with 

the same number; and those with a superscript (c) correspond to the 

reference from the fifth edition with the same number. 
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when a heart murmur is detected during a routine examina¬ 
tion, Dogs and cats with hemodynamically severe regurgitant, 
obstructive, or shunting defects may appear completely 
normal to the owner during the first 6 to 12 months ol life, 
therefore it should not necessarily be concluded from an unre¬ 
markable history that the underlying defect is mild. For 
instance, dogs with severe subaortic stenosis may not demon¬ 
strate any clinical signs prior to sudden and unexpected death. 
Similarly, young animals with patent ductus arteriosus and 
imminent cardiac failure often appear normal to the owner 
until pulmonary edema becomes life-threatening and causes 
dyspnea. Additional clinical signs that may develop with 
severe defects include failure to grow at a normal rate or to a 
normal size, exertional fatigue, abdominal distention (ascites), 
episodic weakness or syncope, or cyanosis. 

Physical Examination 

The ability to detect and decipher heart murmurs and abnor¬ 
mal transient heart sounds is an invaluable skill that cannot be 
overemphasized in the evaluation of patients with congenital 
heart disease. The typical characteristics of the heart murmurs 
associated with the most common congenital defects are 
listed in Table 200-2, Descriptions of the acoustic properties 
of the various murmurs and an algorithm for differentiating 
their causes are presented in Chapter 55, When a heart murmur 
is first detected, the examiner must determine whether it is 
pathologic or innocent, because normal puppies and kittens 
often have benign heart murmurs. Innocent murmurs are usu¬ 
ally of low intensity (grade I-II/VI), protosystolic or midsys- 
tolic in timing, and best heard at the left heart base. They 
often vary in intensity according to changes in the heart rate 
or body position. Innocent murmurs usually but not invariably 
diminish or resolve by 6 months of age; however, soft systolic 
innocent murmurs can persist well into adulthood, especially 
in large-breed dogs. 

Cardiac murmurs caused by congenital disease are typi¬ 
cally louder (grade III-VI/VI) and of longer duration than 
innocent murmurs, often obscuring the normal heart sounds. 
Murmurs of this description are unlikely to be innocent, and 
additional diagnostics are warranted; however, the examiner is 
cautioned not to correlate the intensity of the murmur with 
the severity of the suspected underlying defect. The murmur 
associated with patent ductus arteriosus or a small ventral 
septal defect is often very intense, even when the volume of 
the shunted blood is relatively modest. The murmurs of some 
lesions, notably atrial septal defects and mild subvalvular 
aortic stenosis, are easily misinterpreted as innocent. In ani¬ 
mals with large septal defects, including severe atrioventricu¬ 
lar valve dysplasia and some forms of serious cyanotic heart 
disease, the heart murmur may be soft or even inaudible. 
Although a cardiac murmur of any grade indicates the possi¬ 
bility of congenital heart disease, common sense, guided by 
the patient's clinical circumstances and the owner's wishes, 
should dictate the vigor of the diagnostic evaluation. 

Abnormalities of the arterial pulse, mucous membranes, 
jugular veins, or precordial impulse may support a suspicion 
of congenital heart disease. Hyperkinetic and bounding 
(‘waterhammer) arterial pulses are characteristic of lesions 
that cause abnormal diastolic runoff of aortic blood and low 
arterial diastolic pressure, such as patent ductus arteriosus or 
severe aortic regurgitation. Hypokinetic pulses are typical of 
moderate to severe left ventricular outflow obstruction (be., 
subaortic stenosis) or of other severe defects accompanied by 
low left ventricular output. Visible cyanosis develops when 
the partial pressure of arterial oxygen falls below 45 mm Hg 
and reduced (unoxygenated) arterial hemoglobin reaches 
5 g/dL, Cyanosis in animals with congenital heart disease is 
usually caused by a systemic to pulmonary (right-to-left) shunt 
at the level of the heart or great vessels. Distended jugular 


Table 200-1 






Canine Breed Predilections for Congenital 
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Basset hound 
Beagle 
Bichon frise 
Boxer 

Boykin spaniel 
Bull terrier 
Chihuahua 
Chow chow 
Cocker spaniel 
Collie 

Doberman pinscher 
English bulldog 
English springer spaniel 
German shepherd 
German shorthair pointer 
Golden retriever 
Great Dane 
Keeshond 
Labrador retriever 
Maltese 
Mastiff 
Newfoundland 
Po mera n i a n 

Poodle 

Rottweiler 

Samoyed 

Scbnauzer 

Shetland sheepdog 
Terrier breeds 
Weimaraner 
Welsh corgi 

West Highland white terrier 
Yorkshire terrier 


PS 


PS 




PDA 




SAS, PS, ASD 


PS 


MVD, AS 
PDA, PS 
PS T CTD 
PDA, PS 


PDA 


ASD 


PS, VSD, TOF 
PDA, VSD 

SAS, PDA, TVD, MVD 


SAS 


SAS, TVD, MVD 
TVD, MVD, SAS 
TOF, PDA 
TVD, PDA, PS 


PDA 


PS, MVD 
SAS, MVD, PS 


PDA 


PDA 


SAS 


PS, SAS, ASD 


PS 


PDA 


PS 


TVD, PPDH 


PDA 


PS, VSD 


PDA 


AS, Aortic stenosis; ASD, atrial septal defect; CTD, cor tri atria turn 
dexter; MVD, mitral valve dysplasia; PDA t patent ductus arteriosus; 
PPDH, peritoneopericardial diaphragmatic hernia; PS, pulmonic 
stenosis; SAS, subaortic stenosis; TOP tetralogy of Fallot; 

TVD , tricuspid valve dysplasia; VSD, ventral septal defect. 


some defects, and male kittens seem to be affected more often 
than females. 2 ^ 63 Consideration of gender predilection, how¬ 
ever, has little influence on the evaluation of individual patients. 
Age may be an important factor in the interpretation of the 
results of initial examinations. Most defects are detectable 
shortly after birth, but the severity of the hemodynamic abnor¬ 
malities may change significantly during the first 6 to 12 months 
of life. For example, the lesion of congenital subaortic stenosis 
may not be present at birth, but it can develop during the first 
2 months of life and can increase in severity during the first year 
of life. 2 *- 9 * Similarly, the consequences of left-to-right shunting 
defects may not be fully manifested until pulmonary vascular 
resistance and right heart pressures decrease to the low levels 
of a normal adult, several weeks after birth . Some defects appear 
to be severe in the very young but have relatively modest 
consequences in adulthood, 

Most animals with congenital heart defects are asymp¬ 
tomatic when first examined; these patients are recognized 
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Table 200-2 


Auscultatory Findings in Congenital Heart Disease 


POINT OF MAXIMUM 
INTENSITY 


LESION 


TIMING 


FEATURES 


COMMENTS 


Atrial septal 
d efect 


Systolic (diastolic) 


Ej ecti o n 

(diastolic rumble) 


Left base 


Systolic murmur ends prior to S 2 > 
which is usually split; murmur 
(or murmurs) due to relative 
pulmonic (tricuspid) stenosis 
Often nearly as loud at the right 
base; diastolic murmur of aortic 
regurgitation may also occur 
May radiate widely 


(Sub)aortic 

stenosis 


Systolic* 


Ejection (crescendo- 
decrescendo) 


Left base 


Mitral valve 
dysplasiat 
Paten t d uct u s 
arteriosus 


Systolic 


Regurgitant 

(holosystolic) 

Machinery 


Left apex 


Continuous 


Left base 


Murmur peaks at S 7t often 
radiates to right base and 
thoracic inlet 

Accentuated and split S 2 ; systolic 
murmur of tricuspid regurgitation 
or blowing, decrescendo diastolic 
murmur of pu I mo n ic 
reg u rg i to tio n m ay a I so occ u r 
Occasional systolic ejection 

sound; blowing, decrescendo 

diastolic murmur of pulmonic 
regurgitation may occur 
Murmur due to pulmonic 

stenosis; may be soft or absent 

with pulmonary artery 
hypoplasia 

Often low pitched and 
rumbling 

Often higher pitched and more 
cranrally located than tricuspid 
regurgitation; may also be 
loud at left base 


Pulmonary 

hypertension 

(Eisenmenger’s 

syndrome) 


None (systolic) 


Split S 2 (ejection) 


Left base 


Pu I mo n i c 
stenosis 


Systolic 


Ejection (crescendo- 
decrescendo) 


Left base 


Tetralogy 
of Fallot 


Systolic 


Ejection (crescendo- 

decrescendo) 


Left base 


Tricuspid valve 
dysplasiat 
Ventricular 
septal defect 


Sy sto I ic 


Regurgitant 

(holosystolic) 

Regurgitant 

(holosystolic) 


Right 


midprecordium 
Right base 


Systolic* 


'At time a diastolic murmur of aortic regurgitation may also be present. 

r Mitral stenosis and tricuspid stenosis are rare but may cause diastolic murmurs over the affected valve and ventricle, 
FMI t Point of maximum intensity. 


veins indicate elevated central venous pressure, which is usu¬ 
ally caused by an abnormality of the right side of the heart, 
such as tricuspid valve dysplasia or pulmonic stenosis, A pre¬ 
cordial impulse of increased strength or area often indicates 
enlargement of the underlying ventricle or ventricles. The 
presence of a precordial thrill defines the most intense cardiac 
murmurs (grade V- VI AH) . The focus of this vibration is syn¬ 
onymous with the point of maximal acoustical intensity and 
is characteristic of the associated underlying defect. 


patent ductus arteriosus) and may include arterial hypoxemia, 
hypocarbia, metabolic acidosis, and erythrocytosis. However, 
in most cases hematologic testing is not an important part of 
the evaluation for congenital heart disease. Although 
biochemical test results may be abnormal in the presence of 
congestive heart failure or concurrent organ disease, the bio¬ 
chemical profile and urinalysis results typically are normal. 


serum 


ELECTROCARDIOGRAPHY 


LABORATORY TESTS 


In most animals with congenital heart disease, an electrocar- 

can provide helpful information, mainly 
through its ability to detect cardiac chamber enlargement. 
Although a normal ECG does not rule out heart disease, 
abnormal ECG indicating left- or right-sided enlargement in a 
young animal can strongly suggest a short list of likely cardiac 
defects. For instance, an ECG indicating a rightward shift in 
the mean electrical axis and right ventricular hypertrophy 
immediately suggests the possibilities of pulmonic stenosis, 
tetralogy of Fallot, or tricuspid valve dysplasia. Such 

ECG would be 

disease, such 


diogram (ECG) 


Even though a strong clinical suspicion of congenital heart 
disease may arise based on the history and physical | 
tion, definitive diagnosis of an animal with a cardiac 
usually requires additional studies. In this regard, an electro¬ 
cardiogram, thoracic radiographs, and echocardiography 
usually required. The results of these studies often dictate the 
performance of subsequent diagnostic procedures, such 
blood gas determinations, cardiac catheterization, and angiogra¬ 
phy, Distinctive laboratory abnormalities may occur in animals 
with cyanotic heart disease (i.e rj tetralogy of Fallot, reversed 


examina- 

murmur 


an 


are 


as 


an 


rare in dogs with predominantly left-sided 
as mitral dysplasia or subaortic stenosis. 
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or impending congestive heart failure may show selective 
widening of the caudal vena cava (right heart failure) or pul¬ 
monary veins (left heart failure). The typical radiographic find¬ 
ings of the common congenital heart defects are specifically 
addressed in their respective sections of this chapter 

Echocardiography 

Echocardiography is an extremely powerful non invasive diag- 
nostic tool and has reduced the need for invasive cardiac 
catheterization and angiography to establish a definitive diag¬ 
nosis of congenital heart disease, The various congenital heart 
diseases exert excessive pressure or volume loads (or both) on 
specific chambers of the heart, resulting in concentric or 
eccentric hypertrophy respectively (or both). These patterns 
of hypertrophy can be easily recognized and quantified by 
two-dimensional and M-mode echocardiography, 3 Doppler 
echocardiography can be used to examine cardiac blood 
flow, which is often disturbed by the presence of congenital 
disease. 3 By relying on the shift of ultrasound frequencies 
reflected by moving objects (e,g. r red blood cells), Doppler 
ultrasound allows the examiner to measure the velocity and 
direction of blood flow and to distinguish turbulent from laminar 
flow. Doppler ultrasound information can be viewed as a spectral 
display or can be superimposed on two-dimensional images as 
a color flow map. Spectral Doppler is used primarily to quantify 
the velocity of blood flow. An electronic cursor is positioned 
parallel to the direction of flow, and the resulting Doppler study 
displays blood flow velocity in a graphic format. Blood flow 
toward or away from the transducer location is displayed 
above and below the baseline, respectively. Maximal velocity 
of flow is measured from the peak of the Doppler signal and 
can be converted to units of pressure (mm Hg) using the 
modified Bernoulli equation: 

Pressure gradient between two 

cardiac chambers (mm Hg) 

The Bernoulli equation allows the examiner to estimate the 
hydrostatic (blood) pressure difference between individual 
cardiac chambers. This information is particularly important 
for quantifying the severity of disease with obstructive lesions 
(e.g., subaortic stenosis). As the severity of a lesion worsens, 
pressure in the ventricle increases to produce the required 
ca rdi ac output. This incre ase in pressure Iran s 1 ates into a higher 
blood flow velocity across the area of obstruction. Proper 
alignment of the cursor with respect to the direction of flow is 
crucial to the accuracy of spectral Doppler studies. The cursor 
must be positioned within 20 degrees of parallel along the main 
direction of blood flow to ensure accurate measurements. 4 

Range-gated or pulsed wave Doppler allows interrogation of 
blood cell velocities in specific locations by having the operator 
direct a depth-range “gate" (which is superimposed over a two- 
dimensional image) to the region of interest. This mode pro¬ 
vides accurate information about the exact anatomic site of the 
abnormal flow and the relative direction of flow. It is limited 
to the measurement of relatively low velocities because of 
a sampling phenomenon called aliasing (related mainly to the 
sampling rate), in which velocities greater than a known limit 
(the Nyquist limit i appear to reverse direction and cause an 
ambiguous display. Qontinuous wave Doppler uses two crystals 
(a constant transmitter and a constant receiver; to achieve very 
high sampling rates and to allow recording and measurement 
of very high velocities along the directed ultrasound beam. 
The velocities of all cells along the beam line are recorded and 
displayed, a technique that allows the high flow velocities 
across stenotic or insufficient valves to be displayed and mea¬ 
sured but prevents precise localization of the abnormal flow. 
Pulsed wave and continuous wave Doppler are therefore com¬ 
plementary; the pulsed wave mode is used to identify and 
localize a lesion, and the continuous wave mode is used to 
measure any high velocities. 


Conduction delay with right mean electrical axis deviation 
and widening of the QRS complex (partial or complete right 
bundle branch block) can indicate pronounced right ventricu¬ 
lar enlargement, congenital right bundle branch block, or the 
presence of both abnormalities. An ECG should be recorded 
whenever a rhythm disorder is suspected. Serious congenital 
heart defects often result in cardiac arrhythmias, some of 
which require specific treatment or some modification of 
diagnostic or therapeutic plans. Supraventricular arrhythmias, 
such as atrial tachycardia and atrial fibrillation, are prone to 
occur in animals with congenital defects that cause marked 
atrial enlargement, such as mitral or tricuspid valve dysplasia. 
Ventricular arrhythmias are common in disorders resulting in 
arterial hypoxemia, extreme hypertrophy of the ventricular 
myocardium, or reduced myocardial perfusion. Relevant 
examples include pups with tetralogy of Fallot or subvalvular 
aortic stenosis. Rhythm disorders with a genetic basis 
being recognized with increasing frequency in juvenile and 
adult cats and dogs (see Chapter 202). 
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CARDIAC IMAGING 


Radiography 

Radiographs of the thorax assist in the determination of cardiac 
size, identification of chamber or great vessel enlargement, 
assessment of the pulmonary circulation, and detection of con¬ 
gestive heart failure. Much of radiographic interpretation is sub¬ 
jective in nature, and distinguishing left heart, right heart, or 
bilateral enlargement in young animals is relatively difficult. 1 
There is a general tendency to overinterpret the size of the right 
heart in neonates because of normal right ventricular promi¬ 
nence, This can lead to the erroneous diagnosis oi pulmonic 
stenosis in a young animal with an innocent heart murmur. 
Further confusing the examiner, the ventricular apex can be 
shifted rigi ttward on the dorsoventral or ventrodorsal view, con¬ 
tributing to the illusion of right heart enlargement in a normal 
animal. Despite these pitfalls, thoracic radiographs provide a 
reasonably sensitive and specific indication of heart size and the 
severity of disease, especially when the underlying disease is one 
of volume overload (i.e,, patent ductus arteriosus, tricuspid 
dysplasia).This is not the case for congenital diseases character¬ 
ized by pressure overload (i.e., pulmonic stenosis, subvalvular 
aortic stenosis), in which concentric hypertrophy is better 
appreciated with echocardiography. Measurement of the radio- 
graphic cardiac silhouette, using a vertebral heart scoring system 
similar to that used in adult dogs, provides objective criteria for 
the interpretation of heart size. In one study, using the lateral 
radiographic projection, the sum of the long and short axis car¬ 
diac dimensions averaged 10 ± 0.5 vertebrae (as measured cau- 
dally from the fourth thoracic vertebra) in healthy 3-month-old 
pups and did not change significantly as the dogs reached 6, 
12, and 36 months of age. 2 

Inspection of the great vessels often provides additional 
information about the underlying cardiac defect. Aneurysmal 
dilatation of the proximal ascending aorta is typical for sub¬ 
valvular aortic stenosis and aortic insufficiency, %vhereas dilata¬ 
tion of the proximal descending aorta is typical of patent 
ductus arteriosus. Dilatation of the main pulmonary artery can 
develop as a consequence of pulmonic stenosis or insufficiency, 
increased pulmonary blood flow caused by a 1 eft-to-right 
shunt, or pulmonary hypertension. Assessment of the size and 
symmetry of more peripheral pulmonary arteries and veins 
can help identify pulmonary overcirculation or undercircula¬ 
tion, as well as pulmonary venous congestion. Left-to-right 
shunts potentiate pulmonary blood flow, increasing the 
number, diameter, and prominence of the pulmonary arteries 
and veins, whereas right-to-left shunts reduce pulmonary flow, 
resulting in diminished prominence and reduced diameters of 
the pulmonary arteries and veins. Animals with decompensated 


4 x Maximal velocity (m/s ) 2 
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Color How Doppler images consist of range-gaited, color- 
r funded velocity data that are superimposed on two- 
dimensional images. Laminar flow toward or away from the 
transducer is displayed as red or blue, respectively, with lighter 
hues of each color representing higher velocities. Turbulent 
flow is often displayed as a mosaic pattern of green, light blue, 
or yellow, but different color patterns can be selected by the 

matter of personal preference. Color flow Doppler is 
conveniently used to identify and localize areas of high velocity 
and turbulent blood flow, which allows the operator to survey 
the heart quickly and identify regional flow disturbances. 
When areas of high velocity or turbulent flow are discovered, 
the examiner can focus attention on the two-dimensional 
anatomy of that region and perform more detailed, quantitative 
Doppler interrogations of blood flow in that 

Echocardiographic contrast agents, composed of highly 
reflective air-agitated saline or other gas-containing microbub¬ 
bles, can be used to enhance Doppler studies by amplifying 
weak signals from small jets that are otherwise difficult to 
interrogate. When Doppler technology is not available, con- 

agents are used as sonographic targets to improve the 
detection of shunting lesions {especially right-to-left shunts) 
and other cardiac defects. Contrast echocardiography is a 
useful tool when Doppler technology is not available, and it 
can also enhance Doppler studies. 

Experienced examiners have found that evaluation of 
patients suspected of having congenital disease is facilitated if 
the echocardiographic study is performed in a stepwise fashion, 
with particular attention paid to the pattern of cardiac hyper¬ 
trophy, the identification and quantification of high-velocity 
and turbulent blood flow, and the detection of anatomic 
lesions particular to each type of congenital disease. 3 


Hemodynamic Measurements 

For selective catheterization of the heart, the operator intro¬ 
duces specially designed catheters into a peripheral vessel and 
guides them into specific cardiac chambers or great vessels to 
measure intracardiac and vascular pressures, cardiac output, and 
oxygen content (oximetry). Such studies are performed before 
angiographic imaging, because aU radiopaque contrast agents 
alter vascular tone and cardiac performance. Vascular and intra¬ 
cardiac pressures are measured either by attaching the proximal 
end of fluid-filled catheters to a pressure-sensing transducer 

by using specially designed catheters with microtransducers 
incorporated into the distal end. Pressures are displayed and 
saved with a digital or an analog physiologic recorder. 

The peak systolic pressure in the left ventricle and aorta is 
approximately four times that in the right ventride and pul¬ 
monary artery. Because the systemic and pulmonary circula¬ 
tions are connected in series and cardiac output from the left 
and right ventricles is balanced, it can be appreciated that pul¬ 
monary vascular resistance is much lower than systemic 
lar resistance. Blood flowing through the heart moves from 
areas of high to low resistance and therefore from areas of high 
to low pressure. For instance, left ventricular systole produces 
a small, instantaneous pressure gradient between the left ven¬ 
tricle and the aorta, causing opening of the aortic valve and 
commencement of left ventricular outflow. It is important to 
note, however, that once the aortic valve is open, the pressures 
in the ventricle and aorta quickly equalize. In contrast, a 
sure gradient during systole is maintained between the left 
tricle and left atrium because of the intervening and closed 
mitral valve. Should the aortic valve not open completely, pres¬ 
sure between the left ventricle and the aorta does not equalize, 
and a pressure gradient (increased pressure proximal to the 
obstruction, relative to the pressure distal to the obstruction) i: 
maintained during the entirety of systole. This pressure gradient 
is needed to maintain normal flow through the stenotic aortic 
valve Tlius an intracardiac pressure gradient is indicative of 
obstructive lesion, and its severity correlates with the magni¬ 
tude of the obstruction. A systolic pressure gradient between 
the right ventride and main pulmonary artery, consistent with 
pulmonic stenosis, is shown in Figure 200-1. Pressure, resis¬ 
tance, and flow {cardiac output) are interrelated so that the 
magnitude of a pressure gradient across obstruction varies with 
flow; it can be diminished by heart failure, anesthesia, or hypo¬ 
volemia and can be increased by exercise, anemia, or excite¬ 
ment. The configuration of the pressure waveforms is also 
altered in predictable ways by congenital heart defects. In dogs 
with severe subvalvular aortic stenosis, the slope of the aortic 
pressure rise and the peak systolic pressure are decreased. In 
cases of patent ductus arteriosus, diastolic runoff of aortic blood 
into the pulmonary artery reduces the systemic diastolic pres¬ 
sure, and the pulse pressure (the difference between the peak 
systolic and diastolic pressures) increases. 

Elevation of end-diastolic pressure is a subtle but important 
abnormality that can be identified by a ventricular pressure 
recording. This important abnormality may be caused by volume 
overloading from regurgitant valvular lesions or left-to-right 
shunts, by increased diastolic ventricular stiffness associated with 
ventricular concentric hypertrophy or myocardial fibrosis, or 
by pericardial disease. Substantial increases in ventricular end- 
diastolic pressures (i.e., greater than 15 to 20 mm Hg) herald 
the development of overt congestive heart failure (i.e,, edema, 
effusion, ascites). Pressures in the right atrium (measured 
directly) and left atrium (estimated by measuring pulmonary 
wedge pressure) increase as an unavoidable consequence of 
high ventricular end-diastolic pressure. Stenosis of the atrio¬ 
ventricular (AV) valves is characterized by elevated atrial and 
normal ventricular diastolic pressure, which produces a mea¬ 
surable diastolic pressure gradient across the affected valve. 
Transmission of ventricular systolic pressure to the atria 
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OTHER IMAGING MODALITIES 


an 


Single-pass or blood pool radionuclide scanning studies 
also be used to detect and quantify congenital shunts, but such 
methods are generally limited to university teaching hospitals, 
Computed tomography (CT) and magnetic resonance imaging 
(MRI) offer particular advantages in the evaluation of specific 
congenital heart diseases. MRI, for example, is an effective 
method of evaluating the aortic arch and related vascular 
anomalies in humans. However, because of their expense and 
limited availability to veterinarians, these mod ah ties are infre¬ 
quently used to evaluate animals with congenital heart disease. 


can 


CARDIAC CATHETERIZATION 
AND ANGIOGRAPHY 


Cardiac catheterization is an invasive hemodynamic and 
angiographic procedure performed for diagnostic or therapeu¬ 
tic reasons. Prior to the widespread use of echocardiography, 
cardiac catheterization was considered the gold standard for 
diagnosis and evaluation of congenital heart disease. Much of 
the anatomic and hemodynamic information gathered during 
cardiac cathetenzation can now be obtained nonin% r asively 
with two-dimensional and Doppler echocardiography. For this 
reason, cardiac catheterization is reserved mainly for attempts 
repair certain congenital defects (e.g., balloon valvuloplasty 
for pulmonic stenosis and device occlusion of patent ductus 
arteriosus) or to clarify ambiguous anatomic lesions w r hen surgery 
is contemplated. In selected cases, diagnostic cardiac catheter¬ 
ization is warranted to verify pressure estimates derived from 
Doppler echocardiographic studies, to collect blood For oximetry, 
to measure cardiac output, or to examine structures not 
sible to echocardiographic interrogation, such as the peripheral 
pulmonary or systemic vasculature. 
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injected into a specific location in the heart or vessels, and its 
transit through the circulation is visualized by fluoroscopy. 
This allows identification of any anatomic abnormalities and 
alterations in the norma] pattern of blood flow. Multiple injec¬ 
tion sites are often used to define a lesion completely. In some 
instances angiograms are performed with the patient in both 
lateral and sternal or dorsal recumbence to provide images 
from multiple orientations. For shunts and obstructive lesions, 
contrast is injected into the chamber just proximal to 
[upstream from) the site of the suspected defect, whereas for 
valvular insufficiency lesions, the contrast is injected into the 
chamber just distal to (downstream from) the lesion. 
Commonly performed injections include those made into 
(]) the right ventricle, to identify pulmonic stenosis, tricuspid 
dysplasia, ri ght-to-1 eft shunting ventricular septal defects, 
tetralogy of Fallot, transposition of the great vessels, 
(pseudo)truncus arteriosus, right-to-left shunting patent 
ductus arteriosus, and abnormalities of the pulmonary vascu¬ 
lar tree; (2) the left ventricle, to identify subaortic stenosis, 
mitral dysplasia, left-to-right shunting ventricular septal 
defects, transposition of the great vessels, aorticopulmonary 
windows, and left>to-right shunting patent ductus arteriosus; 
(3) the main pulmonary artery, to identify anomalous pulmonary 
venous drainage, aorticopulmonary windows, left-to-right shunt¬ 
ing atrial septal defects, and mitral valve stenosis; and (4) the 
aortic root, to identify aortic insufficiency, aorticopulmonary 
windows, anomalous coronary arteries, aortic coarctation, left- 
to-right shunting patent ductus arteriosus, and bronchoeso¬ 
phageal or other collateral pulmonary vessels. Angiograms can 
be recorded on videotape or multiple radiographic plates, or 
they can be stored digitally to optical or magnetic media. 

Therapeutic Procedures 

In the current era, cardiac catheterization plays an important 
role in the treatment of several types of congenital heart 
disease. Specialized catheters with inflatable balloons on the 
distal tip can be used to dilate stenotic valves or narrowed 
vessels. Catheters can also be used to deliver embolization 
devices to dose shunting defects, such as patent ductus 
arteriosus. The electrical activity of the heart can be mapped 
and arrhythmias can be abolished using radio frequency 
waves generated from an appropriately positioned catheter 
(see Treatment of Arrhythmias.) 

A primary advantage of catheter-based therapy over tradi¬ 
tional surgical approaches (thoracotomy) is the minimally 
invasive nature of cardiac catheterization. The evolution and 
clinical application of specific therapies are discussed further 
in later sections of this chapter. 
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Figure 200*1 Intracardiac pressure tracing from a 1-year-old 
mixed breed dog made during catheterization of the right heart 
and pulmonary artery. The pulmonary artery pressures are normal. 
A systolic pressure gradient of 75 mm Hg exists between the right 
ventricle and pulmonary artery, indicating the presence of an 
obstruction to right ventricular outflow (in this case, valvular pul¬ 
monic stenosis), A small diastolic pressure gradient also exists 
between the pulmonary artery and right ventricle; this is caused by 
diastolic closure of the pulmonic valve and is a normal finding. The 
ECG displays a deep S wave, which is often found in animals with 
pulmonic stenosis and secondary right ventricular hypertrophy. 


Pulmonary artery 


an incompetent AV valve results in ventricularization of the 
atrial pressure tracing and elevated mean atrial pressure. 

Flow through the heart (cardiac output) can be measured by 
means of cardiac catheterization using a variety of indicator- 
dilution techniques or by combining measurements of the 
oxygen content of arterial and mixed-venous blood (oxime¬ 
try) and oxygen consumption in respiratory gases. The most 
commonly performed technique, thermodilution, involves 
injection of an indicator (temperature, in the form of cold 
saline solution) and subsequent downstream measurement of 
its dilution over time (the change in the temperature of the 
blood j. Cardiac output measurements are used to quantify 
cardiac performance, to calculate the pulmonary or systemic 
vascular resistance (R - Pressure/Flow), and to help define the 
severity of obstructing lesions. Oximetry , the measurement of 
blood oxygen content or saturation, is used mainly to detect 
and quantify cardiac shunts. Blood samples are sequentially 
drawn from the great vessels and right and left cardiac cham¬ 
bers and processed through a blood gas analyzer. The oxygen 
content in chambers and vessels on the ipsilateral sides of the 
heart should be roughly equivalent. A substantial change in 
oxygen content indicates mixing of blood from the two sides 
of the heart and the presence of a shunt. For instance, when 
oxygen saturations are recorded from the right atrium, ventricle, 
and pulmonary artery, a significant increase between chambers 
(usually greater than 5%) indicates the presence of a leff-to-right 
shunt just proximal to the site of the step-up. Conversely, 
when oxygen saturations are recorded from the left side of the 
heart, a significant decrease indicates the presence of a right- 
to-left shunt. The magnitude of change in oxygen saturation 
directly correlates with the degree of cardiac shunting, and 
the severity of the shunt lesion can be calculated. 


ETIOLOGY AND PREVALENCE OF CONGENITAL 
HEART DISEASE 


Etiology 

Congenital cardiac malformations may be caused by a large 
number of genetic and environmental factors, and in most cases 
a single causative agent cannot be conclusively proven. The pos¬ 
sible interaction of the potential toxicologic, nutritional, infec¬ 
tious, and genetic factors makes it difficult to answer the 
question posed by many clients, "Why did my pet get this con¬ 
genital disease? 'The observation that certain congenital defects 
display a species and/or breed predilection suggests that many 
defects have a heritable basis (see Table 200-1). This hypothe¬ 
sis has been unequivocally demonstrated for several specific 
defects in certain dog breeds* 5 - 7 Most of these studies indicate a 
simple mendelian basis for transmission, indicating that identi¬ 
fiable genetic factors contribute to malformations during devel¬ 
opment of the embryonic heart, giving rise to each specific type 
of congenital heart disease. Additional genes with additive 


Angiography 


For selective angiographic studies of animals with congenital 
heart disease, a bolus of radiopaque contrast solution is 
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effects may produce a discrete phenotype once a mendelian 
trait has been inherited,®-* 1 Regrettably the complexity and 
uncertainty surrounding the exact mode of inheritance of many 
defects makes it difficult to counsel breeders about the breed’ 
ing of individual dogs. Although recent attempts have been 
made to identify dogs with congenital heart disease before 
breeding, these efforts are often confounded by the limited 
sensitivity and specificity of currently available screening 
methods. A normal physical examination does not equate with 
genetic normalcy', soft murmurs are difficult to interpret, and 
echocardiographic screenings often yield similarly equivocal 
findings. Even with careful attention to pedigree and the results 
of breeding trials, it can be very difficult to affect the overall 
prevalence of a specific defect in a large population. Progress in 
this regard hinges on the development of economical tests that 
can detect the genes responsible for the congenital defect. 

Prevalence 

Surveys in North America indicate that the overall prevalence of 
congenital heart disease in dogs is 0.46% to 0,85% of hospital 
admissions. For 40 years, patent ductus arteriosus [PDA), sub¬ 
valvular aortic stenosis (SAS), and pulmonic stenosis (PS) have 
topped the list of most commonly reported congenital defects in 
dogs. Hospital surveys of congenital heart defects in the United 
States have been reported by Patterson and Detweder in dogs 
and by Liu and by Harpster in catsi 2 * 12 * 141 ’ 36 * In the largest 
survey of dogs from the 1960s, 3Z5 malformations 
detected in Z90 dogs, and the overall prevalence in a university 
hospital population was 6.8 per 1000 dogsJ^^The frequency 
of diagnosis was approximately Z8% for PDA, 20% for PS, 14% 
for aortic stenosis, 8% for persistent right aortic arch, 7% for ven¬ 
tricular septal defect, and less than 5% for tetralogy of Fallot, 
persistent left cranial vena cava, and atrial septal defects. In a 
1989 survey of 339 cases of congenital cardiac defects in dogs in 
the United Kingdom, the most common diagnoses were subaor* 
tic stenosis (32%), PDA (20%), mitral valve dysplasia (14%), PS 
(12%), and ventricular septal defect (8%). A more recent report 
by Buchanan 1 ^ that includes prevalence information from a 
North American database of more than 1300 cases indicates that 
patent ductus arteriosus is still most frequently reported (31.7% 
of cases), but subaortic stenosis ( 22 . 1 %) now exceeds pulmonic 
stenosis (18.3%) in prevalence. 

The shifting popularity of some dog breeds over time influ¬ 
ences the regional or global prevalence of a particular defect. For 
example, the growing popularity of golden retrievers may 
increase the number of dogs diagnosed with subvalvular aortic 
stenosis. Harpster s review of congenital heart disease in cats 
summarizes data from the literature, from Angel! Memorial 
Animal Hospital (Boston) , and from the Animal Medical Center 
(New York City). The prevalence of congenital heart defects in 
cats was 0,2% to 1% of hospital admissions. Of the reported 
diagnoses, the most commonly diagnosed defects included atrio¬ 
ventricular septal defects (24%, including ventricular septal 
defect, atrial septal defect, and endocardial cushion defect), atrio¬ 
ventricular valve dysplasia (17%), endocardial fibroelastosis 
(11.5%), PDA [11%), aortic stenosis (6%), and tetralogy of Fallot 
(6%). Males were affected nearly twice as often as females. 36 * 


DEFECTS THAT CAUSE PRIMARILY 
VOLUME OVERLOAD 


Systemic to Pulmonary (Left-to-Right) Shunts 

Patent Ductus Arteriosus 

The circulation in the fetus differs from that in the adult. In fetal 
animals the ductus arteriosus develops from the left sixth embry¬ 
onic arch and extends from the pulmonary artery to the descend¬ 
ing aorta, where it diverts blood from the nonfunctional fetal 
lungs back into the systemic circulation. Prior to birth, the ductus 
diverts approximately 80% to 90% of the right ventricular ou tput 
back to the left si de of the circul ation. After parturition and the 
onset of breathing, pulmonary vascular resistance falls, flow in 
the ductus reverses* and the resulting rise in arterial oxygen 
tension inhibits local prostaglandin release, causing constriction 
of the vascular smooth muscle in the vessel wall and functional 
closure of the ductus arteriosus. Although the ductus may be 
probe patent in puppies less than 4 days of age, it usually is dosed 

securely 7 to 10 days after bi rth 4il 41 l 42ji Persistence of a PDA 

beyond the early neonatal period is the first or second most 
monly diagnosed congenital cardiac defect in dogsT 7l ' 61fl Cats 
also affected but much less commonly than dogs. 

Pathogenesis Failed ductal closure in dogs is characterized 
by distinct histologic abnormalities in the ductal wall The normal 
fetal ductal wall contains a loose, branching pattern of circumfer¬ 
ential smooth muscle throughout its length. In prenatal p uppies 
bred to have a high probability of PDA, varying portions of the 
ductal wall are comprised of elastic fibers rather than contractile 
smooth muscle fibers. According to the work of Patterson et al,, 
increasing genetic liability to PDA results in ‘'extension of the 
noncontractile wall structure of the aorta to an increasing seg¬ 
ment of the ductus arteriosus, progressively impairing its capac¬ 
ity to undergo physiologic closure.” 4 * ft is tempting to speculate 
that some defect prevents one or more of the series of processes 
that permits smooth musde cells to proliferate in the wall of the 
ductus prior to birth. In the defect's mildest form, the ductus 
doses at the pulmonary arterial end only and a blind, funnel- 
shaped outpouching of the ventral aspect of the aorta, called a 
ductus diverticulum, results. This hidden form (forme fruste) of 
incomplete ductal dosure can be di agnosed only by angiography 
or necropsy, but it indicates that the dog possesses genes for 
this defect, 41 ^ 39 *' 40 ® Increasing genetic liability results in a tapering, 
funnel-shaped ductus arteriosus that remains patent after 
the early natal period and that allows blood to flow from 
the high-pressure aorta to the low-pressure pulmonary artery 
(Figure 200-2), thereby creating varying amounts of left-to-right 
shunting. The most severe but least common form is the cylin¬ 
drical, nontapering ductus with persistent, postnatal pulmonary 
hypertension (Eisenmenger's syndrome) and bidirectional 
right-to-left shunting (see Figure 200-2), Based on the breeding 
studies of poodle-type dogs, Patterson et al concluded that the 
mode of transmission of PDA in dogs is most likely polygenic, but 
other mechanisms of inheritance are possible. For additional 
information on the morphology and pathogenesis of PDA, the 
rea der is referred to several outstanding reviews of the subject 12-14 

Pathophysiology The direction of flow through the PDA is 
determined by the relative resistances of the pulmonary and sys¬ 
temic vascular beds; in the vast majority of cases, it is directed 
from left to right (from the aorta to pulmonary artery). This 
results in a continuous cardiac murmur, increased pulmonary 
blood flow, and volume overloading of the left atrium and 
left ventricle. Because of the relatively high resistance of the 
systemic circulation after birth, aortic blood pressure is greater 
than pulmonary pressure, and blood shunts continuously 
the PDA during both systole and diastole. For a given pressure 
gradient, the magnitude of shunting is determined by the 
phology (effective resistance) of the ductus arteriosus. In most 
cases the ductus is widest at the aortic end and tapers to its 
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CLASSIFICATION OF CONGENITAL 
HEART DISEASE 


A number of schemes have been devised for classifying 
genital heart defects. The system presented in Box 200-1 
emphasizes the nature of the cardiac overload and the physi¬ 
ologic consequences rather than the embryologic basis for 
maldevelopment. It should be apparent that some lesions fit 
into more than one category. Some of the lesions listed 

very rare, and some have been reported only in conjunction 
with other defects. 
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200- 1 

Classification of Congenital Defects According to Pathophysiology 


Be 


O 


Feline 


Canine 






Defects primarily causing volume overload 
Systemic to pulmonary (left-to-right) shunting 


£ 


Common 

Ventricular septal defect 
Patent ductus arteriosus 
Atrial septal defect 
Endocardial cushion defect 

Uncommon 

Truncus arteriosus 
Va I v u I a r reg u rg itation 
Common 

Mitral dysplasia 
Tricuspid dysplasia 


Common 

Patent ductus arteriosus 
Ventricular septal defect 

Uncommon 

Atrial septal defect 
Endocardial cushion defect 
(Pseudo) truncus arteriosus 
Valvular regurgitation 
Common 

Mitral dysplasia 
Tricuspid dysplasia 
Uncommon 

Pulmonic insufficiency 
Aortic insufficiency 






Defects primarily causing pressure overload 




Common 

Dynamic subaortic stenosis 
Uncommon 

Pulmonic stenosis 
Pulmonary artery branch stenosis 
Fixed subaortic stenosis 
Valvular aortic stenosis 
Cor triatriatum dexter 

Cor triatriatum sinister 


Common 

Pulmonic stenosis 
Subaortic stenosis 
Uncommon 

Valvular aortic stenosis 
Coarctation and interruption of 

the aorta 

Cor triatriatum dexter 


Defects primarily causing cyanosis 


Common 

Tetralogy of Fallot 

Endocardial cushion defect 
Uncommon 

Pulmonary to systemic shunting (VSD) 
Pulmonary to systemic shunting (PDA) 
Double outlet right ventricle 
Truncus arteriosus 


Common 

Tet ra logy of Fa Hot 

Uncommon 

Pulmonary to systemic shunting (ventral septal defect [VSD]) 

Pulmonary to systemic shunting (patent ductus arteriosus [PDA]) 

Tricuspid atresia/right ventricular hypoplasia 

Double outlet right ventricle 

Transposition of the great vessels 

Truncus arteriosus 

Aorticopulmonory window 


Miscellaneous cardiac and vascular defects 


Common 

Peritoneo pericardia I diaphragmatic hernia 
Endocardial fibroelastosis 
Uncommon 

- T • ^4 I • X!# - wt m “ ti . k I £ • , „ - . . ^ -JJ- fc 

Persistent right aortic arch 
Anomalous right atrium 


Common 

Peritoneopericardial diaphragmatic hernia 

Persistent right aortic arch 
Persistent left cranial vena cava 
Uncommon 

Endocardial fibroelastosis 
Pericardial defects 

Anomalous pulmonary venous return 
Double aortic arch 

Retroesophageal left subclavian artery 
Situs inversus 


arterial pulse pressure offers a hemodynamic explanation for 
the bounding or hyperkinetic (waterhammer, Corrigan'sj arterial 
pulse detected in dogs with substantial shunts. 

All vascular structures involved in the transport of the 
shunted blood enlarge to accommodate the extra volume flow. 


narrowest (flow limiting) region at the point of attachment to 
the pulmonary' artery, Increased left ventricular stroke volume 
and rapid runoff of blood from the aorta to the low pressure pul¬ 
monary circulation via the PDA causes increased aortic systolic 
and decreased aortic diastolic pressures. The resulting widened 
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Figure 2D0-2 Gross pathology of patent ductus arteriosus (PDA). A, Left-sided view of the 
heart of a 9-week-old Australian shepherd with a left-to-right PDA, demonstrating the anatomic 
location of the ductus (D) between the descending aorta (Ao) and the main pulmonary artery 
(PAJ. The left auricle (LAu) is enlarged. B, Cutaway view of a left-to-right PDA in a dog. The 
ductus is funnel shaped, tapering toward the PA end. C, Left-sided view of the heart of a dog with 
right-to-left shunting PDA, Note the enlargement of the right ventricle and right auricle 
(RAu). The pulmonary artery (PA) is enlarged. D, Cutaway view of a right-to-left shunting PDA 
in a dog. Note the cylindrical nature of the ductus (D) and the fact that the anatomic location of 
the ductus is distal to the aortic branches that supply the cranial portion of the body. 
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Increased volume flow causes dilatation of the proximal aorta 
and main pulmonary artery and overcirculation of the pul¬ 
monary vascular bed. Dilatation of the left atrium and eccentric 
hypertrophy of the left ventricle develop in proportion to the 
volume flow of the shunt This mechanism permits compensa¬ 
tion for a variable period, but if the shunt is "large, myocardial 
failure {cardiomyopathy of volume overload) develops, 
together with progressive elevation of left ventricular end- 
diastolic pressure and overt pulmonary edema. Because the 
left-to-right shunt occurs at the level of the great vessels, the 
right ventricle and atrium never handle the shunted blood, 
and these structures remain normal unless pulmonary vascular 
resistance and pulmonary arterial pressure Increase, 

In a small percentage of cases, the* lumen of the PDA 
remains wide open after birth. The absence of a restrictive 
ductal orifice allows aortic pressure to be transmitted to the 
pulmonary circulation, precluding die normal postnatal 
decline in pulmonary vascular resistance. In this circumstance 
the aortic and pulmonary artery pressures equilibrate, and the 
right ventricle remains concentrically hypertrophied after 
birth. In Patterson's colony of dogs, this pattern of pulmonary 
hypertension and reversed (right-to-left) shunting developed 
within the first few weeks of life 39 * These observations fit 
the usual clinical presentation of most dogs diagnosed with 
a reversed PDA , in w T hich the animal usually has no history of 
a continuous murmur and no evidence of left ventricular 
enlargement or a large left-to-right shunt earlier in life. Most 
dogs with reversed PDA flow have diminished pulmonary 
blood flow, a normal to small left ventricle, and marked con¬ 
centric hypertrophy of the right ventricle. On rare occasions, 
dogs with a moderate to large left-to-right shunting PDA 
experience a gradual increase in pulmonary resistance and 
gradual reversal of the direction of shunting, typically at several 
months to several years of age. These dogs often have a history 
of prior left heart failure. Substantial residual left ventricular 
(LV) enlargement is evident on thoracic radiographs and by 
echocardiography. Pulmonary blood flow is reduced, but right 
ventricular hypertrophy is less pronounced than in dogs in 
which the direction of shunting is reversed at an early age. The 
precise pathogenesis of pulmonary hypertension is not com¬ 
pletely understood, but anatomic descriptions of the pulmonary 
vasculature are similar in humans and animals. Histologic 
changes within small pulmonary arteries include hypertrophy 
of the media, thickening of the intima and reduction of lumen 
dimensions, and development of plexiform lesions of the vessel 
wall .flu- 61 15 Mast of these changes are considered to be irre¬ 
versible, precluding surgical correction of the reversed PDA. 

Oinicol findings The clinical features of PDA have been 
thoroughly characterized in both a breeding colony and in clinic 
populations. lo ■ <,i '' ,<>tUi^7fl ■ fi3l, Compared w r ith male dogs, female 
dogs have a substantially greater risk of developing a PDA 

(2,49 per 1000 versus 1.45 per lOOQ)* 1 * The Chihuahua, collie, 

Maltese, poodle, Pomeranian, English springer spaniel, keeshond, 
bichon fiise, and Shetland sheepdog are most frequently affected 
although other breeds, such as the Cavalier King Charles spaniel 
may also be predisposed. Many other breeds, including larger 
dogs, such as the German shepherd, Newfoundland, and 
Labrador retriever, may also be prone to PDA in some regions. 
Although severely affected pups and kittens may appear stunted, 
thin, or tachypneic from left heart failure, most are reported 
to be asymptomatic and developing normally at the time the 
condition is discovered. Clinical signs are rarely recognized 
within the first few weeks of life, and most dogs are not diag~ 
nosed until the initial examination at 6 to 8 weeks of age. 

Left-to-rightshuntingpatentductusartertosus A thorough 
physical examination and chest radiographs usually suffice to 
suggest the diagnosis. Mucous membranes are pink in the 
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Figure 200-3 Phonocardiogram recorded at the left heart base 

from a dog with left-to-right patent ductus arteriosus. The lead H 
ECG is recorded simultaneously for timing purposes (Ventricular 
mechanical systole is approximately the period from the middle 
of the QRS complex to the end of the T wave; the remainder of 
the time is diastole). The recorded murmur is continuous, increas¬ 
ing in intensity during systole, peaking near the end of systole, and 
decreasing in intensity during diastole. 


absence of heart failurt\ The precordial impulse is often exagger- 
ated and more diffuse than normal as a result of left ventricular 
enlargement. A thrill may be palpated at the heart base, and 
a continuous murmur is best heard in the same location 
(Figure 2(XK3). The murmur s point of maximum intensity is 
located over the main pulmonary artery at the dorsocranlal left 
hea rt base and m ay radiate era ni al I y to the th oraci c inlet and to 
the right base, where it is almost always SQftcr, 5, ' t6 ^'' ,7a Often 
only a systolic murmur is audible over the mitral area. ITiis 
murmur may simply represent radiation of the loudest portion of 
the continuous murmur from the heart base to this location, or it 
may indicate that secondary m itral regurgitation has developed as 
a consequence of severe left ventricular dilatation. In cats* the con¬ 
tinuous murmur of a PDA may be heard best somewhat more 
caudoventrally than in affected dogs. Increased LV stroke volume 
and rapid diastolic runoff through the PDA combine to produce 
peripheral arterial pulses that are hyperkinetic (bounding). 

Electrocardiography typically indicates left ventricular 
enlargement (increased R-wave voltages in leads II, Ilf and aVF 
and in the left chest leads, V 2 and V. t ) and normal mean electri¬ 
cal axis (Figure 200-4). Widened P 


may also be found. 
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Figure 200-4 Electrocardiogram from a dog with left-to-right 
patent ductus arteriosus. The mean QRS axis is normal (+80%), 
but the QRS voltage (amplitude) is increased in several leads, 
including leads 11, III, aVF, and V 4 , consistent with left ventricular 
enlargement. (The square waves in each lead are 1 mV standardiza¬ 
tion impulses). Paper speed = 50 mm/s. 
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Figure 200-5 ITioracic radiograplis from a dog with a left-to-right shunting i^A. A, I.ateral pro¬ 
jection shows left atrial enlargement and enlarged cranial pulmonary arteries and veins, B, Dorsoventral 
projection shows moderate cardiomegaly a characteristic bulge in the descending aorta r dilatation of the 
main pulmonary artery, and left auricular enlargement The pulmonary vasculature is prominent 


indicating left atrial enlargement. Chest radiographs indicate left 
atrial and left ventricular enlargement and pulmonary hypervas- 
cukrity in proportion to the magnitude of the left-to-right shunt 

(Figure 200-5}. On the dorsoventml fDV) projection, the aortic 

arch, left auricle, and main pulmonary artery may he abnormally 
prominent. The most specific radiographic finding is the appear¬ 
ance o+ an aortic bulge (“ductus bump '} near the origin of the 
ductus, which is caused by abrupt narrowing of the descending 

aorta just caudal to the origin of the ductus (see Figure 200-5), 
Moderate to severe LV enlargement sometimes causes the 
cardiac apex to shift to the right (common in cats). 

The diagnosis of a PDA can be confirmed by echocardiog¬ 
raphy in almost all cases. Two-dimensional and M-mode 
echocardiography demonstrate eccentric LV hypertrophy and 
dilatation of the left atrium, ascending aorta, and pulmonary 
artery (Figure 200-6), Uc Reduced myocardial contractility is 
often observed and is reflected by reduced fractional shorten¬ 
ing and/or increased LV end-systolic dimension and e-point to 
septal separation (EPSS) measurements. The ductus usually 
can be imaged from the left cranial parasternal window (see 
Figure 200-6), Doppler interrogation of the pulmonary artery' 
consistently demonstrates high-velocity continuous ductal flow 
directed toward the pulmonic valve (see Figure 200-6). In the 
typical case, the peak velocity of this jet is about 4.5 to 5 m/s 
and occurs at end-systole. Other common echocardiographic 
findings include a mildly increased LV outflow velocity (1.8 to 
2.3 m/s) and modest secondary mitral and pulmonary valve 
insufficiency, In dogs with PDA, associated cardiac defects are 
uncommon; nonetheless, a careful echocardiographic examina¬ 
tion is worth^while to exclude the concurrent presence of other 
common congenital defects, such as subaortic stenosis. 4 * 44a 
Cardiac catheterization and angiocardiography are usually not 
needed to confirm a diagnosis of PDA and are not advised 
unless the Doppler echocardiographic evaluation is ambiguous 
or additional congenital malformations are suspected* 1 ^ 1 ^ 


Potent ductus arteriosus with pulmonary hypertension 
(right-to-left shunting PDA) High pulmonary vascular resis¬ 
tance that causes right-to-left shunting through a PDA defines 
the clinical syndrome commonly referred to as a reversed 
PDA,* Right-to-left shunting is observed in a very small 
minority of dogs with a PDA, but the prevalence of this phe¬ 
nomenon is probably underestimated and may be greater in 
dogs Living at altitudes higher than 5000 feet above sea 

level.Obvious clinical signs are usually evident during the 
first year of life, but many owmers do not recognize clinical 
signs in their pet during the first 6 to 12 months of life, and 
some animals are not diagnosed until 3 to 4 years of age or 
later. Reported signs include exertional fatigue, hindlimb 
weakness, shortness of breath, hyperpnea, differential cyanosis 
and, more rarely, seizures. 

The clinical examination findings are very different from 
those in the more common left-to-right PDA, Right-to-left 
flow through a widely patent ductus arteriosus exhibits little 
turbulence, and the physical examination reveals either no 
murmur or only a soft, systolic murmur at the left base. The 
most common auscultatory' finding is an accentuated and split 
second heart sound. Differential cyanosis (cyanosis of the 
caudal mucous membranes with pink cranial membranes} 
may be observed, but recognition may require examination 
after exercise. Differential cyanosis is caused by the location 
of the PDA, which shunts right to left from the pulmonary 
artery into the descending aorta (see Figure 200-2) hut spares 
the proximal branches of the aorta, which provide normal 
oxygen delivery to the cranial portion of the body. Perfusion 
of the kidneys with hypoxemic blood triggers elaboration of 
erythropoietin and secondary polycythemia and hypervis¬ 
cosity as the packed cell volume (PCX i gradually increases 


* 


^References 5a, 8a, 9a, J6e , 39a, 46a, 59a, and 61a. 
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Figure 200-6 Echocardiography of I eft - to-righ t PDA. A, Right short axis view shows eccentric 
dilatation of the left ventricular cavity (LV) compared with the right ventricle (RV). B, Right long 
axis view from the same dog reveals eccentric dilatation of the left ventricle f LV} and left atrium 
(LA). The interventricular septum (1) and left ventricular posterior wall (2) appear relatively thin 
compared with the dilated left ventricle. The mitral valve (3) is in the dosed position. The right 
ventride (Rl^ and right atrium (RA) are normal. C, Continuous wave Doppler tracing of the PDA 
jet obtained from the left heart base, demonstrating continuous flow and a peak velocity of 
5.2 m/s, which is converted to units of pressure (108 mm Hg) using the modified Bernoulli equa¬ 
tion. D, View of the ductus (D) imaged from the left heart base. The typical left-to-right ductus is 
widest at the aortic (Ao) end (l) and tapers 
view of the ductus (O), pulmonary artery (PA), and aorta (Ao). F, Color (low Doppler imaging 
applied to the echocardiographic view in E, demonstrating turbulent leit-to-right blood (low 
through the ductus. 


the main pulmonary artery (MPA) (2). E, Close-up 
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to 65% or greater, 59 * Polycythemia may occur during the first 
year of life, but it often does not become severe until 18 to 
24 months of age. 

The electrocardiogram of dogs with a reversed PDA almost 
always reveals evidence of right ventricular hypertrophy (Le., 
right axis deviation and increased S-wave amplitude in leads 

h ll t and III and in the left precordial chest leads V 2 , and V 4 ) 
(see Chapter 202). Thoracic radiographs indicate right heart 
enlargement, dilatation of the mam pulmonary artery, a visi¬ 
ble ductus bump, and variable appearance of the lobar and 
peripheral arteries. Echocardiography demonstrates right ven¬ 
tricular concentric hypertrophy and a dilated main pulmonary 
artery. In some cases a wide, cylindrical ductus may be imaged 
(Figure 200-7). Pulmonary hypertension can be verified in 
some cases by Doppler interrogation of tricuspid or pulmonic 
insufficiency jets. Contrast echocardiography, nuclear scintig¬ 
raphy, oximetry, or angiography can he used to demonstrate 
the presence of rightrto-left shunting should Doppler interro¬ 
gation prove inadequate. Contrast echocardiography is per¬ 
formed by injecting air-agitated saline into a cephalic or 
saphenous vein, thereby opacifying the right heart, pulmonary 
artery and descending aorta (best observed by imaging of the 
abdominal aorta dorsal to the bladder). Cardiac catheteriza¬ 
tion can demonstrate pulmonary artery hypertension with 
equilibration of right and left ventricular and aortic systolic 
pressures. Oximetry verifies decreased oxygen saturation 
distal to the entrance of the PDA in the descending aorta. 
Right ventricular angiography demonstrates right ventricular 
hypertrophy and usually oudines a wide PDA that appears to 
continue distally as the descending aorta (Figure 200-8). The 
lobar pulmonary arteries may appear normal, especially 
during the first year of life, or may show increased tortuosity. 
Aortic or left ventricular contrast injections permit visualiza¬ 
tion of an often extensive bronchoesophageal collateral circu¬ 
lation (see Figure 200-8), 

Natural history of patent ductus arteriosus Eyster 55fl 
reported that approximately 64% of dogs diagnosed with a 
left-to-right shunting PDA die of complications within 1 year 

of diagnosis if the condition is not surgically corrected. 
Complications include left heart failure with pulmonary 
edema, atrial fibri11 ation, pulmonary hypertension secondary 

to left heart failure, and mitral regurgitation secondary to left 

ventricular dilatation. 53 *- 5Sfl Dogs and cats with PDA and more 
modest shunts often survive to maturity, and some live 
beyond 10 years of age. 1017 In humans with an uncorrected 
PDA r the gradual development of pulmonary hypertension 
and shunt reversal is a significant risk, but this gradual transi¬ 
tion to light-to-left shunting is uncommon in dogs. When 
persistent pulmonary hypertension in the neonate leads to 
reversed shunting, clinical signs result from hypoxemia, poly¬ 
cythemia, hyperviscosity, and cardiac arrhythmias. Congestive 
heart failure almost never develops, but sudden death and 
complications from hyperviscosity are common. Animals with 
reversed PDA often live 3 to 5 years, and some survive beyond 
7 years if the PCV is kept below 65%. 

Clinical management Surgical correction is recom¬ 
mended in virtually all young dogs and cats with a left-to-right 
shunting PDA. Correction may not be warranted in older pets 
if the shunt volume is small and cardiomegaly is minimal or 
absent. Consultation with a specialist may be helpful in bor¬ 
derline circumstances. Recommended preoperative studies 
include ECG and chest radiographs to help assess the severity 
of the shunt and to determine whether congestive heart fail¬ 
ure is present. An echocardiogram should always be 
performed to verify the diagnosis and to rule out additional 
defects. The timing of surgery is debatable, but PDA correc¬ 
tion is typically recommended at an early age or as soon as the 


diagnosis is made, especially if congestive heart failure appears 
imminent. If pulmonary' edema is found on the chest radiograph, 
the patient should be treated medically for heart failure 
[ furosemide, angiotensin-ennverting enzyme [ACE] inhibitors) 
prior to surgery. Positive inotropic support should also be con¬ 
sidered. Treatment with prostaglandin inhibitors such 
indomethacin (often used in premature human infants to 
assist closure of a structurally normal but functionally imma¬ 
ture PDA) is not effective in dogs and cats, most likely 
because of the absence of smooth muscle in the ductal wall. 
Two approaches to PDA correction are currently available. 
For many years, left thoracotomy and surgical closure, typi¬ 
cally by ligation, was the only available treatment, 15 * Other 
surgical methods of repair include suture occlusion with 
metallic dips and surgical division.These techniques and their 
results have been described in detail in several reports, indi¬ 
cating high surgical success rates and an excellent prognosis 
after repair. 111 tfc-s-to Complications of surgical PDA repair 
in dogs most often include hemorrhage, infection, pneumo¬ 
thorax, cardiac arrhythmias, cardiac arrest, and heart failure. 
Surgical mortality should be less than 3% in uncomplicated 
cases. I01>12tl53J Pre-existing congestive heart failure (CHF) dra¬ 
matically increases the risk of anesthetic or operative death 
and the rate of serious complications, underscoring the neces¬ 
sity of resolving pulmonary congestion prior to surgery. 
Positive inotropic support provided through a dobutamine 
infusion should also be considered lor patients in this circum¬ 
stance, Most dogs experience an uneventful recovery after 
surgery, and overall cardiac size gradually decreases toward 
normal, although the heart and great vessels often retain an 
abnormal shape. 44,5 Postoperative Doppler examination may 
indicate 


as 


small residual shunt, although the continuous 
murmur is usually absent and the clinical outcomes are good. 
A soft left apical systolic murmur, usually from residual sec¬ 
ondary mitral regurgitation, is often heard for a variable period 
after ductus ligation. 4 Til Echocardiographic LV fractional short¬ 
ening declines sharply immediately after surgery as a result of 
diminished preload and increased after load. Medical therapy is 
not usually needed if signs of heart failure were not evident pre- 
operatively Medical therapies required prior to surgery' for 
CHF are often required for several months after repair. 
Postoperative ductal recanalization has been reported but is 
uncommon, occurring in less than 2% of cases, and it most com¬ 
monly is associated with infection, 15 * Postoperative fever and 
pulmonary infiltrates may indicate infection at the surgical site 
and hematogenous pneumonia. 57 * The owner should be 
informed of the suspected heritable nature of the defect and 
should be advised not to use the animal for breeding. 

Less invasive alternative techniques for PDA occlusion are 
gaining popularity. 17- -° 17c-z 1 c Percutaneous embolization of the 
ductus using expandable metal devices imbedded with throm- 
bogenic Dacron strands can be accomplished in most small 
animals with a PDA, avoiding the morbidity of surgical thoracot¬ 
omy (see Fig. 200-9 A and B). The most commonly used 

embolization device is a helical metal coil that is delivered 
through a small catheter via the femoral artery' or other periph¬ 
eral vessel. After the device has been deployed in the ductus 
arteriosus, the attached Dacron leathers induce thrombus for¬ 
mation, thereby occluding the PDA. The purported advantages 
of PDA coil embolization over thoracotomy and surgical ligation 
include lower morbidity, shorter hospitalization, and faster 
recovery'. To date die success rate of this technique has been 
promising and the major complication rate has been acceptably 
low, consisting mainly of residual shunting and pulmonary 
embolization of a coil. ,7,9 ' l7 *‘ 2k Coils that embolize to the lungs 
can be i gno^d, pushed to a peri pheral I oc ation, or rem oved. The 
authors prefer to remove dislodged coils, which can be quite 
easily accomplished using heartworm extraction forceps or other 
retrieval devices. Because device retention within the PDA is 
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Figure 200-7 Echocardiography in right-todeft PDA. A, Right long axis view from an American 

Eskimo dog shows enlargement of the right ventricle (RV) and atrium (RA), B, Right short axis view 
shows enlargement of the right ventricle and flattening of the interventricular septum toward the 
left ventricle This finding is highly suspicious for pressure overload of the right ventricle 
C, Transesophageal echocardiogram of a dog with a right-to-left PDA. The ductus (0J connects the 
aorta (Ao) with the pulmonary artery (FA) and is wide and cylindrical in shape. Both the pulmonary 
artery and the left pulmonary artery (LFA) are enlarged. D, Continuous wave Doppler study of the 
dog in A showing bidirectional flow through the ductus. Right-to-left flow (below the baseline) 
during systole, and left-to-righ t 11 ow (above the baseline] occurs during diastole, E, Simultaneous 
two-dimensional and color flow Doppler study of the dog in A. Flow from the pulmonary artery (PA) 
can be seen moving right-to-left into the large ductus (D). F, Continuous wave Doppler study of pul¬ 
monic insufficiency in the dog in A. The peak velocity of insufficiency is 4.5 m/s, indicating a pul¬ 
monary' artery diastolic pressure of approximately 80 

of pulmonary' arterial hypertension and the presence of a right-to-1 eft shunt. 
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Figure 200-8 Angiographic diagnosis of right-to-kft PDA in a dog. A, Right ventricular injec¬ 
tion opacifies the right ventricle pulmonary artery (PA), ductus (D) f and descending 
(Ao), Note that the systemic arteries to the cranial portion of the dog 


aorta 

are not op acified. B, Left ven- 
tricular injection of the same dog opacifies the left ventricle (LV) t the aorta (Ao), and prominent 
collateral bronchoesophageal circulation fBJ. 


required for successRil closure, the ideal candidates for coil 
occlusion should have a relatively small, funneLshaped PDA that 
tapers to a diameter of Z or 3 mm at the pulmonary artery end. 2 ** 
Occlusion of large-diameter PDAs [4 mm or greater) can 
be attempted by deploying multiple coils into the ductal 
ampulla, but coil dislodgment and residual shunting 
problematic in this circumstance (Figure ZOO-9) J® Mushroom¬ 
shaped, self-expanding, occluding stents (Amplatzer) developed 
for human use have been successfuliy used to accomplish PDA 


closure in dogs (Figure Z00-10)4 R Advantages of this tech¬ 
nique include secure retention of the device in the ductus 
with a correspondingly low rate of dislodgment, ease of delivery 
through the femoral vein, and suitability for closing large- 
diameter PDAs with a single implant. The need for specialized 
equipment (i.e,, coils, occluding stents, catheters, fluoroscopy) 
and an operator experienced in performing cardiac catheteri¬ 
zation limits the application of transcatheter PDA closure 
techniques to university teaching hospitals and large specialty 
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Figure 200-9 Thoracic radiographs from a dog after coil embolization of a left-to-right PDA. 
A, Lateral view shows multiple coils in the ductus. B, Dorsoventral view shows multiple coils in 
the ductus near the bulge in the descending aorta. 
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Figure 200-10 Aortic Angiograms prior to and 15 minutes after deployment of an Amplatzer 
duct occluder into a patent ductus arteriosus (PDA), A, Contrast agent injected into the aorta 
before deployment of the duct occluder is seen flowing through the PDA into the pulmonary 
circulation. B, Contrast agent stops in the proximal PDA at the level of the Amplatzer occluder 
because of thrombus formation in the device. 


and atrioventricular valves, is formed primarily by growth and 
differentiation of the endocardial cushions. Defects in the devel¬ 
opment of the embryonic ventricular septum, the primum or 
secundum atrial septa, or the endocardial cushions may result 
in atrial or ventricular septal defects, or both. Congenital septal 
defects are common in both dogs and cats as isolated lesions 
and as components of more complex lesions, such as tetralogy of 
Fallot^ 13l '^- 79a 


referral centers. The historical success of the traditional PDA 
surgery makes thoracotomy and ligation a perfectly accept¬ 
able and, in some circumstances, a preferable alternative to 
transcatheter closure. 

Animals with reversed PDA have irreversible obstructive 

pulmonary vascular disease. Morbidity and mortality is usually 
due to complications related to polycythemia and chronic 
hypoxemia rather than congestive heart failure. Treatment of 
these patients consists oi ex erase restriction, avoidance of 

stress, and maintenance oi the PCV between 58% and 65% by 
periodic phlebotomy. H Long-term management by these 
techniques is possible. 23 Phlebotomy should be performed cau¬ 
tiously to avoid weakness or collapse, and intravascular volume 
may be supported during phlebotomy by administration of 
crystalloid solutions. Attempts to reduce the red cell volume 
of reversed PDA cases using drug therapy (e.g. r hydroxyurea) 
have been reported and may be an alternative to repeated 
phlebotomy. 22 Activity restriction is usually advised, because 
exercise-induced systemic vasodilatation increases the degree of 
right-to-left shunting and predisposes to posterior paresis or 
collapse and cyanosis. Closure of reversed PDA is strongly 
contraindicated, because it invariably leads to late operative or 
early postoperative acute right heart failure and death. 

Atrial and Ventricular Septal Defects 
During cardiac embryonic development, the atria and ventricles 
begin as a common chamber. The heart is subsequently parti¬ 
tioned into the normal four-chambered heart by the growth 
of cardiac septa, 15 * Ihe atria are partitioned by a wall formed 
mainly from two septa, the septum primum, which forms first, 
and the septum secundum, which develops to the right of the 
septum primum. The foramen ovale, a slitlike passageway that 
persists between these septa, permits right-to-left atrial shunt¬ 
ing in the fetus, but functionally and anatomically closes in the 
neonate when left atrial pressure rises. The major portion of 
the ventricular septum forms by inward growth from the 
ventricular walls. The area of atrioventricular confluence, 
including the upper ventricular septum, lower atrial septum, 


Pathogenesis Except for the proven genetic basis of 
ventricular septal defect in keeshonden with conotruncal mal¬ 
formation, l24a no data are available on the cause or causes 
of spontaneous septal defects in dogs or cats.'* 15 Atrial septal 
defects (ASDs) are usually classified based on the anatomic 
region of the malformation. 156 ■ 160 Defects at or near the fora¬ 
men ovale are referred to as ostium (or seprnm) secundum 
defects , and defects of the lower atrial septum are called ostium 
primum defects (Figure 200-11), Rarely observed sinus venosus 
atrial septal defects are found dorsocranial to the fossa ovalis 
near the entrance of the cranial vena cava. 65a Because the endo¬ 
cardial cushions are responsible for partitioning the 
lowermost atrial septum, defects in the region immediately 
adjacent to the AV valves (septum primum) are often included 
in the term endocardial cushion defects. A defect in this area 
may also include anomalous development of the atrioventric¬ 
ular valves, such as a ki cleft" in the septal leaflet of the mitral 
valve. A complete endocardial cushion defect is a large defect 
of the lower atrial septum and upper ventricular septum with 
fusion of the septal leaflets of both AV valves. This is also 
referred to as an AV canal defect , because the embryonic atrio¬ 
ventricular canal area never partitions, and communication 
exists between all four cardiac chambers. Patent foramen ovale is 
not a true ASD inasmuch as the atrial septum forms normally 
but the walls of the foramen are pushed apart, usually by condi¬ 
tions that increase right atrial pressure, 63 * A patent foramen 
ovale achieves clinical significance when it allows right-to- 
left shunting, as may occur with severe pulmonic stenosis or 

tricuspid valve dysplasia. 
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Figure 200-11 Gross pathology of atrial septal defects (ASDs). A, Right atrial view in an 

18-year-old dachshund with a secundum ASD. Location of the ASD at the site of the fetal foramen 
ovale and relative to the cranial 


cava (CrVGJ and right auricle fJL4uj is shown. B, Left-sided 
view in a 12-year-old Brittany spaniel with a primum ASD. Location of the ASD, low in the left 

atrium (LA) and near the mitral valve, can be appreciated. A prominent cleft in the mitral valve 
just below the ASD is also present. LV t Left ventricle. 


Most ventricular septal defects (VSDs) are located 

upper ventricular septum (Figure 200-12), rif?a Muscular apical 
or mid ventricular septal defects 

animals. On the left side, the typical location of a VSD is just 
below the aortic valve, most often centered between the right 
coronary and non-coronary cusps. On the right side, the open¬ 
ing is often described by its position relative to the crista 
supraventricularis muscular ridge, 151 A subcristal {infracostal) 
VSD is located proximal to the crista supraventricularis 
the cranial aspect of the septal leaflet of the tricuspid valve, 
which may partially cover it A supracristal VSD is located 
distal to the crista supraventricularis just below the pulmonic 
valve. Large defects may obliterate the crista and are usually 


in the 


associated with additional defects, as in tetralogy of Fallot 

(see Figure 200-1 2)M <4a The right side of the root of the 

including the right coronary and noncoronary cusps, may be 

displaced to the right so that the aorta straddles the defect. 

The altered geometry of the aortic root that accompanies 

many VSDs sometimes results in substantial aortic valve 
regurgi tation .* 7h 

Pathophysiology Shunting across small (resistive) 
defects depends primarily on the size of the communication 
and the pressure difference between the two chambers, 
whereas shunting across large (nonresistive) defects depends 
primarily on the relative resistances of the systemic and 


aorta 


are uncommon in small 


near 


Figure 200-12 Pathology of ventricular 

septal defect (VSD) A, Small, restrictive 
VSD in a young cat, viewed from the left 
ventricle (LV). The defect is located in the 
upper septum, just beneath the aortic 

(Ao). B, Large, unrestricted VSD in 
a young dog with tetralogy of Fallot, 
viewed from the right ventricle. The large 
defect is located just cranial to the tricus¬ 
pid valve (arrow). The right ventricle (RV) 
is markedly thickened, and a narrow, 
fibrous ring of subvalvular pulmonic 
stenosis (PS) is present where the pul¬ 
monic valve should he seen. 
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pulmonary circulations. 1 7Za - 73ii [ n absence of other 

abnormalities, left heart pressures exceed those on the right, 
and the direction of shunting is left to right. Cardiac chambers 
in the circuit of the shunt enlarge to accommodate the 
blood volume, and the pulmonary vasculature is overcircu¬ 
lated. Large ^volume left-to-tight shunts eventually result in 
myocardial failure, elevated filling pressures, and the develop¬ 
ment of overt congestive heart failure. Right-to-left shunting 
occurs via a septal defect when pulmonic stenosis, tricuspid 
dysplasia, or pulmonary arterial hypertension raise pressures 
on the right side of the heart. The consequences of reversed 
shunting include cyanosis from arterial hypoxemia, poly¬ 
cythemia, hyperviscosity, and sudden death. 


right ventricular (RV) outflow tract and out the main pul¬ 
monary artery; the right heart experiences only a very modest 
volume load, and right heart enlargement is minimal. Right 
heart enlargement is more prominent when the VSD is large 
or located in the muscular region of the interventricular 
septum. With a typical, small, high VSD, oxygen saturation in 
the right ventricular outflow tract and pulmonary artery is 
higher than in the right atrium or apex of the right ventricle. 
Large shunts (those with a pulmonary to systemic flow ratio 
greater than 3:1) may overload the left and/or right heart 
enough to increase ventricular diastolic pressures and cause 
signs of left, right, or biventricular failure. Very large, non- 
resistive VSDs cause the pressures in both ventricles to equili¬ 
brate, and the two ventricles behave as a common pumping 
chamber. Unless the pulmonary circulation is protected by a 
stenotic pulmonic valve, the development of pulmonary 
hypertension is unavoidable. 

Bsenmengeris syndrome In newborn animals with a large 
VSD, pulmonary vascular resistance may not decline after 
birth, resulting in sustained pulmonary arterial hyperten¬ 
sion, 1 If right ventricular systolic and diastolic pressures 

equilibrate at or above systemic (left ventricular] levels, bidi¬ 
rectional or right-to-left shunting may occur The develop¬ 
ment of pulmonary hypertension associated with a shunting 
cardiac defect is known as Eisemnenger's physiology (or syndrome). 
When the defect is a VSD, the term Eisenmonger's complex 
often is used. Sustained pulmonary hypertension is character- 
ized by progressive and irreversible changes in the pulmonary' 
arteries similar to those mentioned in the section on reversed 
PDA, As in dogs with a PDA, reversed (right to left) shunting 
through a ventral septal defect is usually established prior to 
6 months of age. In contrast to human patients, gradual devel¬ 
opment of pulmonary vascular disease and progressive pul¬ 
monary hypertension is relatively common in dogs and cats. 

Clinical findings Breed predispositions for atrial and ven¬ 
tricular septal defects are presented in Table 200-1. Clinical 
findings of the typical left-to-right ASD include a soft, grade 
I MI I/VI, systolic ejection murmur over the left heart base and 
splitting of the second heart sound (Figure 2 QG-13). 2:k 2 ^- 4 
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Atrial septal defect Flow 


across an atrial septal defect 
occurs primarily during diastole. The pressure difference across 
the defect is 1 ow, a nd th e directi on a n d magnit u do of the shunt 
are determined mainly by the relative diastolic resistance to 
inflow for each ventricle. Normally, the right ventricle is 
more compliant than the left and offers little resistance to fill¬ 
ing, causing blood preferentially to shunt from the left atrium 
into the right atrium and ventricle. The result is dilatation of the 

right atrium, eccentric hypertrophy of the right ventricle, and 

pulmonary overcirculation. Oxygen saturation in the right heart 
and pulmonary arteries is increased. The left atrium receives the 
shunted blood, but most of the increased pulmonary 
return is shunted immediately into the right atrium, resulting in 
minimal left atrial dilatation. If considerable left atrial enlarge¬ 
ment is observed in an animal with an ASD, an additional 
defect, such as an endocardial cushion defect with mitral 
gitation, should be suspected. Endocardial cushion defects 
more commonly detected in cats and may cause left-sided 
bilateral congestive heart failure. Endocardial cushion defects 
are reported in dogs but are rare. 23 

The flow across an ASD does not usually generate an audi¬ 
ble heart murmur because the pressure gradient and flow 
velocity across the defect arc low. When the shunted blood 
joins blood entering from the vena cava, the volume and 
velocity of flow through the right heart are increased, resulting 
a murmur ot relative pulmonic stenosis (common) or tricuspid 
stenosis (uncommon). Delayed closure of the pulmonic valve 
(and early closure of the aortic valve) causes splitting of the 
second heart sound **-'*&* Because the volume overload affects 
the right ventricle and not the left, large shunts 
culminate in the development of right heart failure. 


venous 


re gu r- 
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Lead II 


Ventricular septal defect Flow 
defects occurs 


across ventricular septal 
primarily during ventricular systole. In the 
absence of other cardiovascular defects, LV systolic pressure is 
tou r to fl ve li m es th a t of the ri ght ventricle, an d flow p roeeeds 
from the left to the right ventricle. The magnitude of left-to- 
right shunting with small (resistive) defects is mainly deter¬ 
mined by the diameter of the defect and the systolic pressure 
difference (gradient) between the ventricles. The peak pressure 
difference across the defect can be estimated noninvasively by 
Doppler echocardiography. Using the peak flow velocity (in 
meters per second) of the blood flow passing through the defect, 
the pressure gradient is calculated using the simplified Bernoulli 
equation (AP - 4V-). A resistive defect with normal right and 
left ventricular pressures (approximately 20 mm Hg and 
100 mm H g, respectively) wool d be expected to have a peak j et 
velocity equal to or greater than 4.5 m/s, corresponding with a 
peak pressure gradient across the defect equal to or greater than 
80 mm Hg, If the peak velocity is lower than predicted, right 
ventricular systolic pressure is most likely increased, due either 
to the presence of pulmonic stenosis or to increased pulmonary 
vascular resistance (pulmonary arterial hypertension). 

When a small VSD is located high in the membranous 
septum, blood is ejected by the left ventricle directly into the 
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Figure 200-13 Phonocardiogram recorded at the left heart 
base from a dog with a primum atrial septal defect. The lead II 
F,CG has a negative, slightly prolonged QRS complex, which is 
indicative of a right ventricular conduction disorder (partial or 
incomplete right bundle branch block). The phonocardiogram 
shows a systolic ejection murmur (SMj that ends well before the 
second heart sound, which is widely split. S Jr First heart sound; 
Ai, aortic component of the second heart sound; P 2 , pulmonic 
component of tire second heart sound. 
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The murmur is often misinterpreted as mild pulmonic steno¬ 
sis or as an innocent murmur. A low-pitched, right-sided dias¬ 
tolic murmur of relative tricuspid stenosis may occur, but it is 
usually not audible, especially in smaller patients. Cyanosis is 
absent unless an additional defect (e.g. P pulmonic stenosis 
tricuspid valve dysplasia) l5h or the infrequent complication 
of pulmonary hypertension is present 2 ** Signs of right heart 
lailure develop in dogs or cats with large defects. The differential 
diagnosis is anomalous pulmonary venous return, which Ls an 
extremely rare anomaly in dogs and cats. 

The main cardiac structural changes caused by an ASD 
include dilatation of the right atrium and eccentric hypertro¬ 
phy of the right ventricle. The electrocardiogram may indicate 
right ventricular enlargement (i.e., right axis shift, increased 
S-wave depth in leads f, II, and III). Intraventricular conduction 
disturbances, especially partial or complete right bundle 
branch block (Tigurc 200-14), are also common, especially 
with atrial ostium primum or atrioventricular 

Thoracic radiographs show enlargement of the 
right heart and main pulmonary artery, as well as pulmonary 
hypervascularity proportional to the magnitude of the shunt 
(Figure 200-15). The left atrium is only modestly enlarged 
unless concurrent mitral regurgitation from a cleft mitral valve 
or a more extensive endocardial cushion defect is present. 
Echocardiography permits direct imaging of atrial septal defects 
but false-positive impressions of an ASD are common due to 
imaging artifacts caused by beam orientation and the thinness 
of some portions of the normal interatrial septum. Doppl 
evidence of transatrial shunting is more reliable and typically 
shows laminar or mildly turbulent diastolic flow through 

the ASD {Figure 200-16) and increased RV outf)ow T and pul¬ 
monary artery velocities, Doppler studies are also helpful for 
demonstrating associated problems such 
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Figure 200-14 Electrocardiogram from a dog with a primum 
atrial septal defect. The QRS axis is shifted to the right and cra- 
nially (+265 degrees), and the last two thirds of the complex is 
prolonged, as shown by widened and notched S waves in leads III 
and aVF A prominent S wave is also present in lead V4. These 
changes are consistent with a right ventricular conduction disor¬ 
der, often referred to as a partial or incomplete right bundle 
branch block. Paper speed = 50 mm/s, 10 mm - 1 mV. 
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elevated right heart pressures cause reversed flow across the 
defect (see Figure 200-16). 

Cardiac catheterization of animals with an ASD is helpful 
in the evaluation of the magnitude and direction of shunting. 

of left-to-right shunting, oximetry samples from the 
venae cavae, right atrium, and right ventricle indicate an 
increase in oxygen saturation between the venae cavae and 
the atrium and/or ventricle, and the magnitude of systemic to 
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as mitral regurgita¬ 
tion or other associated defects/ 1 ^ 24 Contrast echocardiogra¬ 
phy is helpful, particularly when the defect is large or when 
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Figure 200-1S Lateral (A) and dorsoventral (B) radiograpks from a standard poodle with an 

atrial septal defect. The cardiac silhouette is enlarged, with prominence of the right atrium, right 
ventricle, and pulmonary vessels. 
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Figure 200-16 Echocardiography ot atrial septal defect (ASD) and endocardial cushion detect. 
A, Right long axis view from a standard poodle with a secundum ASD. Color flow Doppler (B) 
and contrast echocardiography (C) studies indicate 1 eft-to-iight flow through the ASD. D, Right 

an endocardial cushion defect, A large ASD, a ventricular septal 

defect, and a single atrioventricular valve override the interventricular septum. Both the left and 
right atria are enlarged, RA, Right atrium; RV f right ventricle; LA, left atrium; LV t left ventricle. 


long axis 


view from a dog with 


right atrium and vena cavae confirms the presence of the 
defect. With more extensive endocardial cushion defects, a left 
ventricular injection can be performed to demonstrate the VSD, 
mitral regurgitation, and occasionally left ventricular-to-right 
atrial shunting. 

The clinical features ol a VSD depend on the magnitude of 
the shunt and whether complications or other defects are 
present. In animals with a typical small, subcristal VSD, a harsh, 
holosystolic munnur is heard best over the right midpre- 
cordium to cranial precordium.* In rare cases of supracristal 
VSD, the defect opens just under the pulmonic valve, and the 
systolic munnur may he heard best at the left base. Splitting 
of the second heart sound can occur, but it often is not recog¬ 
nized because of the imposition of the murmur on the second 


pulmonary shunting can be estimated. 25 Central venous 
right ventricular diastolic pressures are elevated when conges¬ 
tive heart failure is present or imminent. Increased systolic 
flow across the pulmonic valve may result in "relative" pul¬ 
monic stenosis, identified by a mild systolic pressure gradient 
(5 to 15 mm Hg} between the right ventricle and pulmonary 
artery, 6311 Flow through the atrial septal defect can be demon¬ 
strated by angiocardiography. When introduced via a femoral 
vein, a catheter often can be easily passed from the right 
atrium through an ASD or patent foramen ovale into the left 
atrium, allowing injection of a contrast medium and visual¬ 
ization of the left-to-right shunting. Alternatively, injection ol 
the contrast material into the pulmonary artery outlines left- 
to-right shunting defects during the left-sided phase of the 
study. After pulmonary' venous return, the atrial septum usu¬ 
ally can be seen between the left atrium and the aorta on the 
lateral projection. Passage of dye from the left atrium into the 


‘References 5a, 10a, 23c, 27c, 28c, and 68a. 
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Figure 200-17 Lateral (A) and dorsoventral (B) thoracic radiographs of a cat with a ventricu¬ 
lar septal defect and a large left-to-right shunt Cardiac silhouette is enlarged, and rounding of the 
cranial border of the heart cun be seen on the lateral view. The mam pulmonary artery and left 
atrium are enlarged on the dorsoventral view. The pulmonary vasculature is prominent. 


heart sound. II distortion of the aortic root causes significant 
aortic regurgitation, a blowing, decrescendo diastolic murmur is 
audible over the left ventricular outflow area. These com¬ 
bined systolic and diastolic murmurs are sometimes described 
as a to-and'fro murmur Aortic regurgitation flow into the right 
ventricle can produce a diastolic murmur best heard on the 
right hemithorax. ,7b Systolic murmurs over the atrioventricular 
valves may also be detected if the defect is part of a more 
extensive endocardial cushion defect* 

Electrocardiographic findings in animals with a VSD are 
variable. With moderate or large 1 eft-to-right shunts, there is 
often evidence of left atrial or ventricular enlargement, but 
right ventricular conduction defects also occur. Frontal pi 
leads may demonstrate a subtle abnormality in early ventricu¬ 
lar septal activation, characterized by a Q wave that is wide or 
contains high-frequency notching.^ Right axis deviation and 
a narrow QRS complex in a dog with VSD usually indicates 
right ventricular hypertrophy and a more complex lesion, such 
as VSD with pulmonic stenosis or pulmonary hypertension. 
Thoracic radiographs are very useful in assessing the magnitude 
of left-to-right shunting VSDs, Pulmonary hypervascularity and 
left atrial and ventricular enlargement are observed in pro¬ 
portion to the magnitude of the shunt (Figure 200-17). 2Za 
The main, lobar, and peripheral pulmonary arteries are usually 
prominent. In animals with small defects, thoracic radiographs 
may appear entirely normal. With large defects, the right 
tricle may also enlarge. A large pulmonary artery segment, 
underperfused lungs, and small peripheral pulmonary vascula¬ 
ture suggest the possibility of pulmonic stenosis or pulmonary 
hypertension and right-to-left shunting. Two-dimensional 
color flow Doppler echocardiography usually identifies all but 
the smallest VSDs (Figure 200-18), Spectral Doppler studies 
are useful for quantifying the high-velocity jet through small, 
resistive VSDs, as previously mentioned. Contrast echocardiog¬ 
raphy may also be used to identify flow through the defect, 


hut it is usually not necessary if a careful echocardiographii 
examination is performed. 

Cardiac catheterization in animals with a VSD allows iden¬ 
tification of the anatomic defect and estimation of the deg 
of shunting. 27c Oximetry samples demonstrate a “step-up" in 
oxygen content between the right ventricle and pulmonary 
artery. Intracardiac pressures are usually normal in dogs and 
cats with a small VSD. Right ventricular pressures are often 
elevated 5 to 15 mm Hg above the pressure in the pulmonary 
artery, a reflection ol increased tra ns valvular flow and relative 
pulmonic stenosis. More dramatic increases in right ventricu¬ 
lar systolic pressure indicate pulmonary hypertension 
current pulmonic stenosis, and the development of elevated 
end-diastolic ventricular pressures and central venous pres¬ 
sure herald the onset ol heart failure. In uncomplicated cases, 
left ventricular angiocardiography can outline the VSD 

or right-to-left shunting is 
observed when RV systolic pressure reaches and exceeds LV 
systolic pressure. Anatomic changes of the semilunar valves 
great vessels, especially of the aortic root, are best visualized 
by injection of contrast in the proximal aorta, which is also 
the preferred location for determining the presence and 
severity of aortic regurgitation. 1 ^ 

Natural history The morbidity and mortality associated 
with atrioventricular septai defects depend on the size and 
location of the defect, the magnitude and direction of shunt 
flow, and whether additional lesions are present. Spontaneous 
closure of small VSDs often occurs in children, but this is an 
uncommon occurrence in cats and dogs. 71 * Animals with 
uncomplicated small defects (ASDs and VSDs) and modest 
shunts usually live a normal life span without ever developing 
recognizable clinical signs. Large shunts that cause moderate 
to severe cardiomegaly often lead to intractable congestive 
heart failure. Moderate to severe aortic regurgitation, an 
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or con- 


ane 


(Figure 200-19). Bidirectional 


or 


ven - 









* Congenital Heart Disease 


CHAPTER 200 


993 








o 




o 


5 






A 


B 


Figure 200-18 Echocardiography of a Siamese cat with a ventricular septal defect (VSD). 
A, Right long axis view shows the VSD (*) between the left ventricular outflow tract (LVOIJ and 
aorta (Ao) and opening into the right ventricle (RV). Note the proximity of the VSD to the root 
of the aorta and the origin of the aortic valve (arrowhead). B, Right long axis color flow Doppler 
study reveals systolic left-to-right shunting across the VSD into the right ventricle. 


uncommon complication of VSD, presents a very substantial 
risk of left heart failure and shortened survival.*™ ll is often 
difficult to predict the outcome in very' young animats with a 
VSD, this is more easily done when they grow closer to adult 
size at 6 to 12 months of age. Animals that develop pulmo¬ 
nary hypertension (Eisenmengeris syndrome) have a guarded 
short-term prognosis and a very guarded to poor long-term 
prognosis, although survival beyond 7 years is possible. Cats 
with severe endocardial cushion defects often develop marked 
cardiomegaly and biventricular congestive heart failure at an 
early age (less than 2 years), warranting a very guarded to poor 
prognosis. 


Clinical management Surgical closure is the definitive 
treatment For all atrioventricular septal defects, hut open- 
heart correction is uncommonly attempted in animals because 
of the usual requirement for cardiopulmonary bypass or other 
techniques to arrest the heart.2^3 -77a Palliative treatment 

of a VSD may be accomplished without bypass by applying a 
constrictive band around the main pulmonary artery. This 
technique creates supravalvular pulmonic stenosis and 
increases the right ventricular systolic pressure, thereby reduc¬ 
ing the magnitude of left-to-right shunting. 75 * This procedure 
is recommended for dogs and cats showing signs of rapidly 
progressive cardiomegaly and overt or impending congestive 
heart failure. Over aggressive banding should be avoided, 
because it can result in pressure overload, acute right heart 
failure or, in surviving animals, right-to-left shunting. 
Alternatively, systemic arterial vasodilators can be adminis¬ 
tered to reduce systemic vascular resistance and the magni¬ 
tude of left-to-right shunting/ 9 * As noted for reversed PDA, 
surgical correction should not be attempted in animals with 
Eisenmengers syndrome. Restricted physical activity is prob¬ 
ably the most prudent and effective strategy, and periodic 
phlebotomy may he useful in some patients that develop 
extreme polvcythemia. The PCV should be maintained at 

58% to 65%. 

Valvular Regurgitation 

Pulmonic and Aortic Valve Insufficiency 

Pulmonic insufficiency Primary congenital pulmonic 
insufficiency (PI) is an uncommon abnormality that results 
from abnormal development of valve leaflets or dilatation of 
the pulmonary artery annulus.^ 53 ' 96 * Pulmonic valve insuffi¬ 
ciency causes volume overload and eccentric hypertrophy of 
the right ventricle. The main and proximal branches of the 
right and left pulmonary arteries enlarge to accommodate the 
concomitant increase in RV stroke volume. Isolated pulmonic 
valve insufficiency is often well tolerated, but heart failure can 
develop when severe PI is induced experimentally in dogs. 

Congenital pulmonic insufficiency is more likely to cause 


Figure 200-19 Angiogram of a 6-month-oJd Welsh corgi with 
a ventricular septal defect (VSD), An injection into the left ven¬ 
tricle (LV) outlines the aorta (Ao). Contrast can be seen shunting 
across the VSD into the right ventricle fRV} and the pulmonary' 
artery (PA). The left ventricle is mildly enlarged. A portion of an 
aortic valve leaflet (*) appears to prolapse into the VSD. 
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heart failure if pulmonary vascular resistance subsequently 
increases as a result of severe pulmonary parenchymal or vas¬ 
cular disease. Trivial pulmonic insufficiency is often observed 
in dogs with a PDA, presumably from dilatation of the main 
pulmonary artery. Most dogs with pulmonic valve stenosis 
have mild valvular insufficiency but severe concurrent PI is 
sometimes seen. Pulmonic insufficiency of varying degrees of 
severity may also develop as a result of surgery or balloon 
dilatation to relieve PS. Pulmonic insufficiency is a potential 
consequence of any disorder that prompts the development of 
pulmonary hypertension. 

Clinical features of PI include variable systolic [due to 
increased flow) and diastolic murmurs best heard at the left 
heart base. This to-and-fro murmur should not be confused with 
the continuous murmur of PDA. Electrocardiograms from dogs 
with congenital PI may be normal or may reflect right ven¬ 
tricular enlargement. Thoracic radiographs show enlargement 
of the main pulmonary' artery and right ventricle, giving the 
erroneous impression of PS to the unaware (Figure 200-20). 
Injection of a contrast medium into the main pulmonary artery' 
using a small-diameter catheter documents valvular insuffi¬ 
ciency (Figure 200-21). Slow clearance of contrast from the 
dilated and thin-walled right ventricle also supports a diag¬ 
nosis of PL Color flow Doppler echocardiography elegantly 
demonstrates these same features and permits visualization of 
the rudimentary or misshapen valve leaflets (see Figure 200-21). 
Doppler studies also aid the recognition of pulmonary arterial 
hypertension. When the velocity of the pulmonary regurgitant 
jet exceeds 3 m/s, pulmonary hypertension is the likely cause 
of the pulmonary artery dilatation and valvular insufficiency 
Treatment for congenital PI has not been described in compan¬ 
ion animals. In dogs suffering from heart failure, conventional 


medical therapy with diuretics and ACE inhibitors is a 
reasonable palliative approach. 

Aortic insufficiency Isolated congenital aortic insufficiency 
(AI) is a rare disorder. It occasionally is detected in young or 
older dogs with idiopathic dilatation of the aorta (annuloaortic 
ectasiti). Mild to moderate aortic insufficiency has also been 
reported in a boxer and a hound with quadricuspid aortic 
valves.- [i With the increasing application of Doppler echocar¬ 
diography aortic regurgitation is recognized with increasing fre¬ 
quency as a complication of other cardiac malformations. 

Aortic insufficiency often accompanies subvalvular aortic 
stenosis and has been observed with ventricular septal defects 
and tetralogy of Fallot and after balloon catheter dilatation for 
SAS. The potential mechanisms for aortic valvular insufficiency 
in these conditions have been reviewed. 10 ^ As in congenital 
pulmonic insufficiency, the murmur resulting from AI can be 
both systolic and diastolic (to-and-fro murmur) and is best 
heard over the left hemithorax. Many dogs with mild AI do not 
evidence an audible murmur. The diagnosis of AI is supported 
by palpation of a hyperkinetic arterial pulse resulting from the 
increased stroke volume and diastolic runoff of aortic blood 
back into the left ventricle. Left ventricular eccentric hypertro¬ 
phy develops in proportion to the severity of the insufficiency* 
Severe AI commonly results in left-sided congestive heart fail¬ 
ure* Documentation of AI and estimation of its severity requires 
angiocardiography or Doppler echocardiography Definitive 
repair requires cardiac bypass surgery and valve replacement, an 
unlikely proposition. Use of arterial vasodilators can reduce the 
regurgitant volume and may delay the onset of heart failure, 
7reaOrient with diuretics, ACE inhibitors, and positive inotropic 
drugs are indicated tf heart failure is present. 
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Figure 200-20 Radiographs from a Cavalier King Charles spaniel with congenital pulmonic 
valve insufficiency, showing convincing evidence of right ventricular enlargement in the lateral (A) 
and dorsoventral (B) projections* The pulmonary artery segment is markedly enlarged (see text for 
discussion). 
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Figure 200-21 Angiocardiogram recorded From the same dog as in Figure 200-20. A, Contrast 
material injected into the pulmonary artery leaks immediately back into the right ventricle 
through the incompetent pulmonic valve. B, Several frames later, the right ventricle has filled with 
contrast, establishing substantial pulmonic valve incompetence. A dysplastic valve remnant is also 
visible. C, A color flow Doppler study was performed several years later in the same dog, Disturbed 
flow entering the right ventricle (RFQ from the pulmonary artery is shown on this black and white 
rendition of a color study. Note the very dilated main pulmonary artery. Ao, aorta. D, Pulsed wave 
Doppler study shows that the diastolic flow is moving at a relatively low velocity (just over 2 m/s}, 
excluding the possibility of pulmonary hypertension. 


Atrioventricular Valve Dysplasia 

Congenital malformations of the mitral and tricuspid valves 

both cats and dogs. l '^^ a - 5E ^ 2cINja421la 
Consequences of these malformations include mitral and tri¬ 
cuspid regurgitation, inflow obstruction (i.t\, mitral or tricus¬ 
pid valve stenosis), and dynamic obstruction of the left 
ventricular outflow tract. The most common physiologic con¬ 
sequence of atrioventricular valve malformation is valvular 
insufficiency. The pathophysiology and clinical course of con¬ 
genital mitral regurgitation are similar to acquired degenerative 
valvular disease in the dog. For this reason, only the salient 
features of these conditions are reviewed, and the reader is 


directed to Chapter 201 for greater detail. Congenital stenoses 
of the atrioventricular valves, as well as other interatrial 
obstructs, are recognized more frequently in dogs and cats, 
presumably because of the increased use of Doppler echocar¬ 
diography. Systolic anterior motion (SAM) of the mitral valve 
apparatus and dynamic LV outflow obstruction in cats and 
dogs, long regarded solely as a manifestation of hypertrophic 
cardiomyopathy (see Chapter 203; 204 ), may be caused solely 
by architectural changes in the mitral valve apparatus in some 
animals. When the primary' disorder is valve dysplasia, concen¬ 
tric left ventricular hypertrophy resolves if the obstruction is 
abolished by treatment (beta-receptor blocking drugs). 


reported in 


are 
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Pathology and pathogenesis Tricuspid valve dysplasia 
has been shown to have a genetic basis in the most commonly 
afflicted breed, Labrador retrievers. 7 A heritable basis for 
mitral valve dysplasia in cats and some breeds of dogs is 
pec ted, but convincing evidence has not yet been reported, 
A wide spectrum of morphologic abnormalities of the mitral 
and tricuspid valves have been described, including shorten¬ 
ing, rolling, notching, and thickening of the valve leaflets; 
incomplete se pa rati o n o f valve com po n ents from th e ven tri c - 
ular wall; elongation, shortening, fusion, and thickening of 
the chordae tcndineae; direct insertion of the valve edge 
into a papillary muscle; and atrophy, hypertrophy, fusion, and 
malpositioning of the papillary muscles and chordae 


tendineae.- 7 - 1 ,3s - IZUb The usual consequence of these changes is 
valvular insufficiency. Examples of tricuspid and mitral valve 
dysplasia are shown in Figures ZOO-22 and 200-23. In dogs, 
mitral valve stenosis is common only in bull terriers, often 
occurring along with valvular aortic stenosis.**’ Some dogs 

and cats with mitral or tricuspid dysplasia evidence a patent 
foramen ovale 


sus- 


concurrent ASD, resulting in left-to-right 
or right-to-left shunting. Supravalvular mitral stenosis is 
discussed in a later section of this chapter, together with 
triatriatum. 


cor 


Pathophysiology The fundamental pathophysiologic 

abnormalities of atrioventricular valve malformations 


are 


Figure 200-22 Gross pathology of tricuspid dysplasia (TD). A, Cranial view of the heart ffom 
a patient with severe right atrial, auricular, and ventricular enlargement caused by TO. B, Tricuspid 
valve from a 2-year-old Labrador with severe 7 D, The edges of the valve leaflets insert directly into 
the papillary muscles, and conspicuous absence and shortening of the chordae tendineae 
The right atrium and ventricle are dilated. C, Curtainlike deformity of the tricuspid valve from 
3 2-year-old Samoyed with TD and tricuspid stenosis. The tricuspid valve is thickened and 
Multiple large, fused papillary muscles with short chordae tendineae 


are seen 


opaque. 
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Figure 200-23 Gross pathology 

of mitral valve dysplasia. A r Marked 
left atrial dilatation in a eat with 
mitral valve dysplasia. B, Mitral 




valve in this cat shows a bizarre 


malformation of the anterior 
(cranioventral) leaflet. Also, the 
posterior (c audodorsa 1} papillary 
muscle is abnormally located, and 

it attaches directly to the leaflet 

with no intervening chordae. 

C, Marked dilatation of the left 
atrium is seen as a result of 
obstructed flow into the left ven¬ 
tricle. D, Grossly distorted mitral 
valve from a bull terrier with con¬ 
current stenosis and insufficiency 
of the mitral valve, A thickened 
aortic valve, which caused mild 
aortic stenosis, is just visible on the 
left side of the picture, LA, left 
atrium. 
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retrievers, Dalmatians, and mastiffs are predisposed to mitral 

Tricuspid dysplasia 
seems to be most common in large male dogs, particularly 
Labrador retrievers. 33 ' 28 Clinical signs are referable to exer¬ 
tional fatigue or to right ventricular, left ventricular, or biven¬ 
tricular congestive heart failure. The hallmark of valvular 
insufficiency is a holosystolic murmur heard best over the 
affected valve area. A loud gallop may also be detected. nu A 
soft, late diastolic murmur and opening snap are sometimes 
auscultated in dogs or cats with valvular stenosis, but these 
findings are often absent or missed (Figure 200-24), In severe 

of tricuspid dysplasia, a murmur may not be present 
because the valve offers no resistance to regurgitant blood 
flow (Figure 200-25), Jugular venous distension and pulses are 
common findings in cases of tricuspid dysplasia. 

Splintered QRS complexes (Rr' f RR' ( rR', rri) are a dis¬ 
tinctive and common ECG finding in dogs and cats with tri¬ 
cuspid dysplasia.Right heart enlargement patterns are also 
manifest. Tall or wide P waves are observed with all types of 
valvular dysplasia, but ventricular enlargement patterns 
mainly limited to animals with regurgitant physiology and 
not observed with isolated valve stenosis except when pulmonary 
hypertension develops secondary to mitral stenosis. Atrial 
arrhythmias, especially atrial fibrillation, are often recorded. 


briefly presented. Valvular insufficiency produces volume 

overloading, manifested 
hypertrophy of the affected ventricle. Congestive heart failure 
often develops at a young age but occasionally does not 
develop until adulthood. In some dogs and cats with tricuspid 
dysplasia, cyanosis can be observed as a consequence of 
right-to-left shunting across a patent foramen ovale or ASD. 
Malformations that cause valve stenosis obstruct ventricular 
filling, resulting in increased atrial pressures and signs of con¬ 
gestive heart failure. Severe stenosis limits cardiac output such 
that hypotension, syncope, or collapse with exertion may 
be observed. Pulmonary hypertension and right heart failure 
frequently develop secondary to severe mitral stenosis as 
a consequence of chronically elevated left atrial pressure. As 
result, some dogs that initially present with signs of pulmonary 
congestion from mitral stenosis can present again months later 
with signs of right heart failure Dogs and cats with severe 
congenital valvular stenosis or regurgitation are predisposed to 
atrial fibrillation and paroxysmal or sustained supraventricular 
tachycardia; these conditions typically result in sudden 
clinical deterioration, 

Clinical findings Cats of all breeds, Great Danes, German 
shepherds, bull terriers, golden retrievers, Newfoundland 


in cats but 


dy spl a si a. ^ 1 
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atrial dilatation and eccentric 
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cases 
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infrequently performed procedures. Balloon valvuloplasty, 
with limited success, has been described in dogs with tricus¬ 
pid stenosis/^- 25 In most affected animals, medical treatment 
is instituted only if heart failure develops. Treatment of valvu¬ 
lar insufficiency largely consists of diuretics, ACE inhibitors, 
and digoxin, 2 ** In dogs with tricuspid dysplasia and refractory 
heart failure, periodic thoracocentesis or abdominocentesis 
is often needed, in patients with valve stenosis, diuretics 
are used to control congestion. Inasmuch as tachycardia is 
poorly tolerated in patients with stenasis, every effort should 
be made to prevent stress and 
Administration of beta blockers, calcium channel blockers, 
and/or digoxin is helpful in some cases for the management of 
atrial fibrillation or other supraventricular tachyarrhythmias. 
Some patients tolerate serious defects surprisingly well for 

many years. In other cases, rapid progression to heart failure 
and death occur. 






to restrict exercise. 


DEFECTS THAT CAUSE PRIMARILY 
PRESSURE OVERLOAD 


Ventricular Outflow Obstructions 

Pulmonic Stenosis 

Pulmonic stenosis (PS) is the third most common congenital 
heart defect in dogs, 1 ^ 30 and it is occasionally recognized in 
cats. 2 t. 32 c. 83 n mos t eases pulmonic stenosis occurs as an iso¬ 

lated heart defect, but it frequently is accompanied by other 
cardiac anomalies, such as tricuspid dysplasia. Congenital out¬ 
flow tract obstructions of the right heart can develop in the 
subvalvular and supravalvular regions, but primary malforma¬ 
tion of the pulmonary valve (dysplasia) is the most frequently 
observed defect in dogs. Patterson et al.,^ 0 who studied the 
heritability and pathology of pulmonic valve dysplasia in the 
beagle, initially suggested a polygenic mode of transmission 
for this defect. However, these breeding studies did 
exclude the possibility of a single-gene mechanism with vari¬ 
able penetrance. The pattern of inheritance of PS has not been 

studied in other predisposed dog breeds or in cats. 

Pathology Valvular lesions consist of varying degrees of 
valve thickening, leaflet fusion, and/or hypoplasia of the valve 
annulus. Although some dogs manifest a thin, dome-shaped 
valve with a central orifice (Figure 200-27), many dogs have 
more complicated lesions that resemble atypical PS in chil¬ 
dren. The valve leaflets are often thickened, mis¬ 

shapen, and/or fused (see Figure 200-27). The annulus of the 
pulmonic valve is hypoplastic in some dogs, which further 
narrows the area available for right ventricular ejection. 
Histologic abnormalities include thickening of the valve spon- 
giosa and the presence of bands of fusiform cells in a dense 
collagen network. These changes are thought to represent 
overproduction of normal valve elements or failure of conver¬ 
sion of the cushionlike embryonic valve primordia. Some dogs 
wkh valve dysplasia have a fibrous ring just below the valve 
leaflets in addition to the valvular changes. In other dogs, 
the obstructive lesion occurs in the infundibular region of 
the right ventricular outflow tract (RVOl'). On occasion the 
RVQT is partitioned from the body (Inflow region) of the right 
ventricle by a well-developed, fihromuscular ridge, resulting in 
an anomaly referred to as double- or dual-chambered right 
ventricle/ 51 Supravalvular PS is uncommon and in the authors" 
experience has been most often observed in giant schnauzers, 
A unique form of subvalvular PS caused by anomalous 
development ol the coronary arteries has been described in 
English bulldogs and in boxers. 3233 In this condition, the 
left and right coronary arteries branch from a single large 
coronary artery, which originates from the right aortic sinus 


Figure 200-24 Pfionocardiogram from the right 

2-year-old Samoyed with tricuspid dysplasia and tricuspid 
The ECG shows markedly elevated P waves consistent with right 
atrial enlargement. An early diastolic opening snap (OS) is pre¬ 
sent, followed by a late diastolic (presystolic) murmur (DM) that 

coincides with the P wave and atrial systole, S, ( First heart sound; 
S 2r second heart sound. 


apex in a 
stenosis. 


not 


The pattern oi chaniher enlargement on the thoracic radio¬ 
graphs generally reflects the involvement of the affected valve 
and resulting physiologic consequences (Figure 200-26). In 

cases of tricuspid dysplasia the degree of cardiomegaly is often 
impressive, and the heart may have a globoid appearance 

resembling that produced by pericardial effusion. The 


possi¬ 
bility' of valvular stenosis should be considered whenever the 

atrium is markedly dilated without enlargement of the ipsi- 
lateral ventricle. 

Definitive diagnosis of atrioventricular valve malformation 
requires echocardiography or cardiac catheterization and 

angiocardiography* Abnormal location, shape 

attachment cl the valve apparatus is easily observed by 

echocardiography (see Figure 200-25), With valve stenosis, 

color flow Doppler studies show a prolonged high-velocity jet 
(often greater than 2 m/s) entering the left or right ventricle 
during diastole, indicating the presence of a diastolic pressure 
gradient. With valve insufficiency, Doppler studies demon¬ 
strate regurgitant jets streaming from the ventricle into the 
atrium through the incompetent valve. Diastolic pressure gra¬ 
dients (valve stenosis) and varying degrees of ventric ul ariza - 
tion of atrial wave forms (valve insufficiency) can he recorded 
during cardiac catheterization. Angiographic visualization of 
valvular insufficiency is best appreciated by ventricular injec¬ 
tions of contrast material, whereas valve stenosis is best 
demonstrated after an atrial injection (transseptal catheteriza¬ 
tion is required to accomplish left atrial injection). 


motion, or 


Clinical management Repair of the affected valve can be 
attempted, and surgical replacement of dysplastie atrioven¬ 
tricular valves has been successfully accomplished in a small 
number of animals* s5c-67c Cardiac bypass is required for these 
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Figure 200-25 Echocardiography of mitral dysplasia (MD) and tricuspid dysplasia (TD). 
A, Right axis view from a 4-month-old pit bull with MD and aortic stenosis. The mitral valve 
leaflets are markedly thickened, and the chordae tendineae are shortened. The left atrium (LA) is 
enlarged, and the left ventricle (LIJ is hypertrophied, B, Left apical view from a cat with TD, 
showing severe right atrial (7L4) and right ventricular (RV) enlargement, C, Left apical view From 
a dog with an Ebstein-like abnormality. The origin ol the tricuspid valve is displaced apicaliy, and 
the septal leaflet is fused to the interventricular septum (J j. Tie origin of the mitral valve leaflet 
(2) is shown tor comparison. The near-para I lei orientation of the ultrasound beam gives the false 
impression of a la rgc atrial septa 1 defect (3), D, Left a pica! color flow D applet study from a 2-year-old 
Labrador retriever with severe tricuspid regurgitation caused by TD, E, Continuous wave Doppler 
tracing of tricuspid regurgitation from a dog with TD, The maximal velocity ot the regurgitant jet 
is 3,5 m/s P suggesting a moderate increase in right ventricular systolic pressure, F, Pulsed wave 
Doppler study from a 7-year-old cat with severe TD demonstrates love velocity and laminar 
tricuspid regurgitation, indicating that the defect is very large and offers little resistance to regur¬ 
gitant flow. No murmur was ausculted in this patient. 
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Figure 200-26 Lateral fAJ and dorsoventral (B) thoracic radiographs from a dog with tricuspid 
dysplasia (TD). Right atrial and ventricular enlargement is seen in both views. The lateral film 
demonstrates a bulge in the cranial waist, most likely due to right auricular enlargement. 




















of Valsalva (Figure 200-28). From this location the anomalous 
left coronary artery encircles the RVOT just below the pul¬ 
monary valve, contributing to the subvalvular component of 
this complex malformation (see Figure 200-28), 

Increased resistance to systolic ejection results in concen¬ 
tric right ventricular hypertrophy which generally develops in 
proportion to the severity of the obstructing defect. Although 
this compensatory response serves to normalize wall stress, it 
can have deleterious effects. In some dogs with PS, secondary 
hypertrophy of the infundibular region of the RVOT 
tributes to outflow tract obstruction, particularly during 
cise or stress. The existence of this additional mechanism of 
obstruction can complicate the clinical outcome of surgical 
valvotomy or interventional balloon valvuloplasty. Other car¬ 
diac defects can complicate the physiology and alter the clin¬ 
ical presentation and prognosis of patients with PS, Pulmonic 
stenosis and tricuspid valve dysplasia can be a particularly 
injurious combination. Insofar as the volume of tricuspid 

re £ u ri*R a Lon a function of the size of the regurgitant orifice 

(the severity of dysplasia) and the systolic pressure gradient 

(the severity of PS), severe tricuspid regurgitation tends to 

develop in affected dogs, leading to intractable right-sided 
heart failure. 

Meticulous ultrasonic examination, often using contrast 
echocardiography reveals that patent connections between 
the right and left heart occur in a substantial percentage of 
dogs with PS, and some dogs with severe PS become cyanotic 
as a result of right-todeft shunting through an ASD, patent 
foramen ovale, or VSD. Many of these abnormalities have 

origin in the maldevdopment of the embryonic 
conotruncal septum. These types of defects are discussed 

thoroughly in the section on tetralogy of Fallot. 


in ventricular systolic pressure. Concentric hypertr 
phy of the right ventncle develops in an attempt to normalize 
wall stress. During systole, blood ejected from the right 
tricle accelerates as it traverses the obstructive orifice. Blood 
flow velocity increases and becomes turbulent distal to the 
obstruction. A poststenotic dilatation develop 

pulmonary artery as the turbulent jet of blood decelerates and 
expends some of its kinetic energy against the vessel wall. 

Concentric hypertrophy reduces right ventricular diastolic 
compliance, impairs ventricular filling, and often results in 
elevated right atrial pressure. Tricuspid regurgitation from 
progressive ventricular dilatation, valvular dysplasia, or a com¬ 
bination of these factors can contribute to further increases m 
atrial pressure. As right atrial pressure approaches 15 mm Hg f 
jugular distension, ascites, pleural effusion, and other signs of 
right-sided congestive heart failure develop. Syncope and 
sudden death are uncommon in dogs with PS. The physiologi 
mechanisms responsible have not been elucidated. Hypotension 
is presumed to develop as a consequence of reduced cardiac 

output (secondary to bradycardia or worsening of a dy_ 

infundibular obstruction) and in combination with peripheral 
arteriolar vasodilatation (with or in anticipation of exercise). 
Stimulation of mechanoreceptors in the pressure overloaded 
right ventricle may trigger the reflex bradycardia and 
dilatation. Reduced right coronary blood flow has been 
documented in some dogs with pulmonic stenosis and may 
contribute to the development of syncope, exercise intoler¬ 
ance, and myocardial failure. On rare occasion, severe septal 

hypertrophy due to PS results in dynamic left ventricular 
outflow tract (LVQT) obstruction. 

Clinical findings Pulmonic stenosis is common in certain 
breeds, including beagles, Samoyeds H Chihuahuas, English 
bulldogs, miniature schnauzers, cocker spaniels, Boykin spaniels, 
Labrador retrievers, mastiffs, chow chows, Newfoundland 
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Pathophysiology Obstruction to right ventricular outflow 
increases resistance to ejection, causing a proportional 
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Figure 200^27 Pathology specimens From ciogs with pulmonic stenosis [PS]. A, Pulmonic valve 
leaflets 

ilar to the domed valves of children with PS. B, Very thick (dysplastic) and bicuspid pulmonic valve 
from a Staffordshire terrier. C, Same dog as in B; the leaflets have been distracted to show a small 
subvalvular ridge. D, Fibmmuscular ring (arrows) in the right ventricular infundibulum several 
centimeters below the pulmonic valve. 


thin but fused with a central orifice in this 1 -year-old Labrador retriever; they are sim- 


In dogs with concurrent severe pulmonic valvular insuffi¬ 
ciency, the systolic ejection murmur is accompanied by a soft 
decrescendo diastolic murmur, which is heard best just ventral 
to the pulmonic valve region. A holosystolic murmur of tri¬ 
cuspid regurgitation may be noted over the right hemithorax 
as well. Large-amplitude jugular pulses may result either from 
a giant a wave caused by atrial contraction into the stiff right 
ventricle or from cv waves, which indicate significant tricuspid 
regurgitation. Jugular venous distension and prominent jugu¬ 
lar pulses are evident in most dogs with right heart failure and 
ascites. Peripheral arterial pulses are usually normal, 

Right ventricular enlargement is usually present on the 
electrocardiogram unless the lesion is very mild. 31 a r32*3o« Right 
axis deviation and deep S waves in leads I, II, and III and in the 
left precordial chest leads (V 2 and V 4 ) are common indicators 


retrievers, basset hounds, and other terrier and spaniel 
breeds, 0a9| .sbMiniature Doberman pinschers also seem 
predisposed. Most dogs with PS are asymptomatic in the first 
year of life, during which the condition usually is discovered 
through detection of a heart murmur. Approximately 35% of 
dogs with severe disease demonstrate clinical signs, which can 
incl ude exertional fati gu e F syncope, or ascites. 34 Si gns of conges¬ 
tive right heart failure (e.g., ascites! are most often reported in 
older dogs,®* 8 Cyanosis may be noted when PS is complicated 

patent foramen ovale or 


by right-to-left shunting 
coexisting atrial or ventricular septal defect. 

The most prominent physical examination finding is a sys¬ 
tolic ejection murmur that is best heard over the left heart 
base and that often radiates dorsally. In some cases 
murmur is heard equally well on the right cranial thorax. 
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Figure 200-28 Coronary artery 


seen in some English bulldogs with pulmonic stenosis, 
A, Left and right coronary arteries are seen to branch from a single large coronary artery that orig¬ 
inates from the right aortic sinus of Valsalva, from this location, the left coronary artery encircles 
the i ight ventricular outflow tract just helow the pulmonary valve (B), thereby contributing to the 
subvalvular component of this complex malformation : and D). C, Left coronary artery courses 
over the right ventricular outflow tract just below the annulus of the pulmonic valve (arrow), D r 
Anterior wall of the pulmonary artery (PA) has been removed to show the hypoplastic pulmonic 
annulus, the diminutive proximal PA, and the crowded and thickened valve leaflets. 


anom 


\ 


of right heart enlargement (Figure 200-29). Thoracic radio¬ 
graphs typically show a prominent right heart and post¬ 
stenotic dilatation of the 


appear to dome upwards into the pulmonary artery during 
systole (see Figure 200-31), Hypoplasia of the pulmonic valve 
annulus further obscures the valve anatomy and confounds 
consideration of treatment. Color flow Doppler echocardiog¬ 
raphy is useful for establishing the anatomic location of die 
obstruction, because the turbulent, high-velocity jet 
ally be seen emerging just distal to the obstructive orifice ( 
Figure 200-31). Mild to moderate pulmonic valve insufficiency 
is also apparent in many dogs with valvular PS. 

For accurate quantification of the severity of the obstruc¬ 
tion, the peak velocity of the blood flow jet must be recorded 

spectral Doppler tracing acquired with the continuous 
wave Doppler beam in parallel alignment with the direction 
of flow (see Figure 200-31).This usually is accomplished from 
either the right or left cranial parasternal windows. The mod¬ 
ified Bernoulli equation (AP 

instantaneous pressure gradient across 
mm 

tion (V, in m/s). As a general rule. Doppler-derived gradients 
are 40% to 50% higher than the gradient measured during 
cardiac catheterization in an individual dog. 20b Such discrep¬ 
ancies are attributed in part to the fact that Doppler studies 


main pulmonary artery (Figure 
200-30) ,%22m,24 a,88 h These changes are usually most evident 

the dorsoventral view. Additional and more variable findings 
include dilatation of the proximal left pulmonary artery, 
diminished size of the pulmonary vasculature, and enlarge¬ 
ment of the caudal vena cava. 

Echocardiography is the technique most commonly used 
to confirm a diagnosis of PS. M-mode and two-dimension a I 
imaging typically show concentric hypertrophy of the right 
ventricle, increased prominence of the papillary muscles, 
deformity in the region of the obstruction or obstructions, 
narrowing of the RVOT, varying degrees of right atrial enlarge¬ 
ment, and poststenotic dilatation of the main pulmonary 
artery (Figure 200-31 ). 3 ' 3S Of the lour cardiac valves, the pul¬ 
monic valve is often the most difficult to visualize dearly by 
transthoracic echocardiography. Thus it is impossible to visualize 
th e exact location an d n a ture of the obstruct on i n some dogs. 11 
is often particularly difficult to identify a discrete subvalvular 
obstruction close to the pulmonary valve. The pulmonic valve 
leaflets are typically thickened and often fused, and they 


on 


can usu- 


on a 


4V 2 ) is applied to relate the 

an obstruction (AF, in 
Hg) to the peak velocity of the jet distal to the obstruc- 
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Figure 200-29 Electrocardiogram from a dog with 

pulmonic stenosis, showing a typical right ventricular 
enlargement pattern. The mean electrical axis is shifted to 
the right (-100 degrees), and prominent S waves are seen 
leads II, IE, aVF, V 


ft> 




" 














:h: 


fc I - f iJ h 

■ ilia 

■ I 




mU v.:-. 

ft. * .7. r. 4v.* 1 


■: 


•i 


tir 

•. T •’ 


iT-fe • 

+$'m 


r 






-TI 


JbBiB > • ■ 

rn *' *4 




■ 


* 4-%4 


J- 


■ > 




H 


A 1 . 


1 


» 










ii 


• h# 


£T 








1 


dk 




AV 




fh^-.e 1 ii i 


uU 


. v ■ 


I . hi 




. ►bii ¥ 

i iler^BT 

iKJ M 

h »? I 


1 11 LFl 


r; 


■■ 


■ 


i.li 


■J I 


l|pl(-ii if. 
Ihfi.-f i " i 1 
■ i^i i. M 


d«l 




.i. 




■ 


1 


i 


i I 




I 


ft 


Hsii 

r •■■'•. 

V Hi. 


¥.rJ 


9-; 


an 


-‘h 


- 




J . \ 4 4 - 7 ft~ - H 

e if:- ii %.! + ■ 4 Ti 


•■J J 
kL 

. -M-Jy. 

**¥1 


Hk. a HTt-b 


Li. 


■ ■■4 iua 


- «■ i » . 

ihut 




% 


+ 1- 




Ti 


Py+j 


w a p-i 


y 


I T* I 

* 


« | - 


^taisssrffip 

iwfs 


■ 


lr 


r - | S M i a* 

■ r-.-M 

.* a j 4 * 


"w 


rt 


7 


’•“-i l 1 1 f ■ • ■ i '.hf|[Tk!I7I7 . illn ■.» 

• 1 PT*I Tjl •* 

* -I i’l f -A , • f ■ 4 • I S 1 . ■ 

pj 


rt.I ; 


t 




I 


hi 




kl# ► 

fT---- J til'-'' 




n 


ittica ••: 


'X 




m 


ii l-i 


tu I 




m 


tt 




■ rj*y 

1V + 

■p " 


I 




nt + hr 

sOIH 


a. 


14 


? % 


l 


in 


ti 


■ 


ISA 


4 * 


2* 


A 


< 


■ 


■ 


*4 HI f 7 ■ «7.i 

■" 1 Wgj 

HI 


! ii 


V. 


■ 




+l 


tt 


tHr* 

L-nJL*- 

r«r*4. 


. 


.. 


fp r- 

il 






4- 


■ » ■ 


fTTfi 


i 


4 


.V. 




Wt 


t 




■ ■ ■ 


.: ill : 


-•'7 


* 


Fv.v; 
!■*■.;" ■ 4 


»w *+ • i TT 

■^-a^vijij 

i ■ ■ •!«"•’+* f t; ° ri 

14. J.i T ,-Xf l~ ft 


at 








it 


; i z-.rCn 


i-i 


-° 




41 




i' 


Ui 


n 


i i»M. 

7 : ■■' yn 


r 


J 


' I 




—J 


fT" 


fi 


I-I- 






T 


Hu 


ni.ft. 


» 




1 


.f 


' 


■ 


iSHti L^jf: ^ n? 

I « h.| - ^ | pft^f f . . 4 ! 7 1 — 


3-.fl! 


in W 

"i-Tf, ! HI i 

-r-"li | — : I . • * 

*, >.I ,a. rtj-.fc 

^r f| ^ f pT»y 

. k|4 1 I 


— 


: ^ UPfi^r Slrl : .:: : ■■•:•■ ■ Tt T j; r'1j^4 

T;^r- • rf r .i i5 

::u: t: : ■: itttt ?>|iejJ f- ?» Hpi f 

:, • 1-'-4 >:>s TT^IhN >*?■:+•• •• ■ ■{•■ f:’-. a , ■ .-/**' T 'I it- .J 

f v F ‘*vj :v Wv.'. 'h v 4 . av.>.ta? hf . 5*. f ■ .j—+ fii* ; , 'hj ■, 

I4* + :■ j.-. v : ■; ■■■; .:■ ■ «- v . K , :^:5 ■....< . | , •■*' I ‘ . | > i- 

lh 




5 


Kl 


j. , Kt4! 

■'ij::.- 

s rtr5-r. 


L 


I 


* ■ 4 ft p • 

iTjr -|T »-r . 


i 


JFr-Td 




i 


l*Ti 


mm 


«rv.kr 


feiir S 






ill 


^ 5 >£] 


■ i 


■ 


% 




* HI - 




T+IZ 


tCi 


■ r 


► 


— * T 


■fl ?’*7 




't; -Hr 




v 






(rf* ** 


*.. 


k :if® : 


t;; 




t- 


* i 


” ft 


|r;rJ“ 




4 : 


17 * 


■ ■« 


\ 


ii’STji.1 

!*-H. +-[ 


A 


in 


v ■ 






r 


"■F 




rJ?F> 


1..4 — 


F, -' 




A 


■ + ■•vr*,- 

l-V 




■ ■. 


1 P.^r 


Mr 




• 


.Hi. 


a 


lil 


H 


! + 


: • ;1 


tr 


fi 




Sri 


t 


if: ■ ■ ■ 






•V 


m i? !£Jt 


■> 


-k 




•+- - 


i.1 




■i 


5v 


■>4 


i + 


M 


TH 




pJ 4^, 


* 


7 


< 7.; AT -V 

•fr7 ■ + +■_ -7 
% \7+ 


-r > Kfrij y!/j; . 




4 


V *■ 


■ •• 


: r v j 

X 




»•* 


LS 




;Tfct 


HI 


• i-r- 




’ v L.'ft*“ A V T 11 

+ . jsj^fcw 




AA \ 


5r, 


V 


I 


M 


r! B 


■1 


r- 




■fi "*4 ■ 


Ef] 


4 






% 


i 


H-v 






I 


I ■ 

?_+• + ij 

ilfilSP n ? l 


* 


is a 4-1 

. m m VA% 

: ■ • 

’ ■■ — -5 V.; , 


w *1 • 


"w*- 


F- 


vs ■ s 




Hh 


+£ Ai ' r-: t: 

?r Tni 


17 


. I s --. 

1"“"- 


L- 


.V . . 


aft 


*■ 


v <A*y:+ 

V ■ + V ■ ■" ■■ 


Tf - B 

iLm 


■ ■ 


K .■13^ ;5j 






!-bHH I fti J ; 

r . i ■ ■_ 7? i i 






Tffl 




£9 




t 






i « r 


< 


! * f 1 




41 


ir-i 


rrfei 

'•'•i ■*,- • 


s|: + | 

t ■>' J -- .-a* :■ ■ 


■- 


. 


• • ■ 


-C-- 


rT 




TA 




*l*r 


pUh# 


+.--TVV 

; + vfc-- i : ■*■ 
r . ■ I AN s) 


a > y ■ ’, 


F|4 


:■ 






1 


U? 


■»■■ j.+' .i^L 




?ws 


fet 


• ■ r ■•• 
■ r » ■ 


A 


^Srbsss 


i 


•HhF 




■: 


7 




- F-: 






>1 

V- 


7 ■ 


•i: 




■* 




»r, 


V A -W 

i +f : 


iV-■ . . 


V 7 


r 


A -J b' j* C v . ■ ^ 
IVVid-V ■ ,JV 


£51 


F? 


^ Safer 

.■ > :■ ■■ ■.■' T^Tvj m 




.! SR 


^ M- 


St 


■ 




' : - 




> 


"■ 




I 


M4FT1 


fv 






it. 




+ 


ii" 


■ 


S 


'f -: Bi + 

Fn 


i 


r 


■ i • 


■n 


m h 






+. 




■ 


?1|i 


+/ ; 




PC3 


F 


I 


r i 


• H 


r- 


«ft 


&&■ 


m 


i ; ;vv ,, t — v. 
. j F.JBa 4rk a J ■A-i.F 

ft.ii'.A .A. ... ...... . 


! 


V 


-- 


d 






- 




I 


■ 


i 


&I Meworrf T 


l 

F 


HtWLfTT . flKJiAfip 


:■ HQ. 


r 


9 


i 


I 


y> 


measures are almost always lower than the instantaneous peak 
pressure gradient calculated Prom Doppler measures 
flow velocity. lb Doppler interrogation of the right heart is also 
particularly helpful for identifying and assessing the severity 
of coexisting tricuspid valve insufficiency. Measurement of the 


are performed in awake animals, and transvalvu 1 ar flow is con¬ 
siderably higher under these circumstances than in dogs that 
have been anesthetized for cardiac catheterization. In addition, 
hemodynamic studies typically indicate the severity of 
obstruction as a peak-to-peak pressure gradient, and such 
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Figure 200-30 Lateral (A) and dorsoventral (B) thoracic radiographs from a dag with pulmonic 

stenosis. Rounding of the sternal border and a bulge in the cranial waist of the heart can be seen 
in the lateral view. Right heart enlargement and a bulge in the main pulmonary artery segment are 
seen in the dorsoventral view. Pulmonary vessels are diminished even in the absence of 
a right-todeft shunt. 
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Figure 200-31 Echocardiography of pulmonic stenosis (PS). A, Right long axis view from a dog 

reveals severe concentric hypertrophy of the right ventricle (RV). Right atrium (RAJ is dilated. 

. Rlgtn short ax,s ^ lew from a dog shows flattening of the interventricular septum and right ven- 
tncuJar concentric hypertrophy caused by pressure overload. C, Right short axis view of the heart 

base from a dog with valvular PS shows thickened pulmonic valves. Poststenotic dilatation of die 
t seen (PA, pulmonary artery). D, Transesophageal ultrasound study of a young rottweiler 
with valvular h.The pulmonic valve leaflets can be seen doming into the pulmonary artery (PA) 
during systole h, Color Mow Doppler study in a dog shows high velocity and turbulent blood flow 

movmg from the right ventricle (RV) through the stenosis (arrow) and into the main pulmonary 
artery (MPA) F, Continuous wave Doppler tracing obtained from a view similar to E shows hieh- 
velooty systo ic flow (5 m/s) through the obstruction. Pulmonic insufficiency is also noted during 
diastole. LA, Left atrium; LV, left ventricle; RVOT, right ventricular outflow tract. 
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Figure 200-32 Diastolic (A) and systolic (B) frames of a right 
ventricular angiogram in a dog with pulmonic stenosis. Note the 
narrow jet of contrast as it passes through the pulmonic orifice. 
Poststenotic dilatation of the pulmonary artery is visible in both 
frames, as is hypertrophy of the RV wall and papillary muscles. 


Figure 200-33 Bight ventricular angiocardiogram from a dog 
with severe pulmonic stenosis. Comparison of the diastolic (A) 
and systolic (B) frames shows complete obliteration of the out¬ 
flow tract due to vigorous contraction of the hypertrophied 
infundibulum. Compare with Figure 200-32. Also note the 
distortion of the pulmonic valve sinuses farrow). 


velocity of this regurgitant jet is particularly helpful for assessing 
the severity of the PS obstruction when proper alignment with 
flow through the outflow tract cannot be obtained. In dogs with 
both dynamic (infundibular) and fixed (valvular) stenosis, 
Doppler interrogation of the outflow' tract and pulmonary artery 
can produce a tracing that displays the temporal and velocity 
relationship between the two components of the stenosis. 

Angiocardiography is often performed just prior to balloon 
valvuloplasty or to clarify right heart anatomy in anticipation 
of surgery. Such studies clearly demonstrate the anatomic 
location of the obstruction or obstructions, the degree of right 
entricular hypertrophy, whether tricuspid regurgitation is 
present, and poststenotic dilatation ol the pulmonary artery. 

The angiographic features of valvular stenosis consist of any 
combination of the following: narrowing at the immediate 
base of the valve sinuses; asymmetric valve sinuses; hypopla¬ 
sia of the annulus or of a valve sinus; thickening of individual 
valve leaflets, producing a lucent filling defect; narrowing of 
the dye column, with a central or asymmetric jet of contrast 
medium observed within a narrowed valve orifice; or systolic 
doming of the valve (indicating fusion of the commissures) 

Dynamic muscular obstruction of the 
right ventricular infundibulum is often visible in dogs with 

PS (Figure 200-33). The term double-chambered right venxricle 

is used when the right ventricle is divided into a low-pressure 
region (the infundibulum) and a high-pressure region (the apex 
and inlet portion of the RV) by a muscular or fibromuscular 


ridge deep in the infundibulum (Figure 200-34). Left ventricular 
angiography or coronary arteriography should be performed 
when abnormalities of the left heart or coronary circulation 
suspected. Such studies must be performed whenever 
surgery or balloon valvuloplasty is contemplated in an English 
bulldog or a boxer Enlargement of the right coronary artery is 
an expected finding in all dogs with PS, as is well-developed 
right ventricular hypertrophy* 

Hemodynamic confirmation of outflow tract obstruction is 
accomplished by measurement of a systolic pressure gradient 
across the lesion (see Figure 200-1). The severity of the obstruc¬ 
tion usu al Iv is de fi n ed as the di fferenee in pea k systolic pressures 
measured above and below the obstruction (peak-to-peak pres¬ 
sure gradient). Inasmuch as the recorded gradient varies with the 
rate of flow across the obstruction, this measurement is greatly 
affected by myocardial contractility and the anesthetic regimen 
selected. Despite these limitations, the systolic pressure gradient 
has been used to categorize patients with pulmonic stenosis as 
having mLid (1 ess than 50 mm Hg ), moderate (50 to 80 mm Hg) 
or severe (greater than 80 mm Hg) disease 3 7flS84 - B * A more 
accurate approach requires the measurement of cardiac output 
and calculation of the functional area of the constricted orifice. 

Natural history Precise criteria for establishing an accurate 
prognosis have not been developed for dogs 
Clinical experience indicates that most dogs with mild and even 


$ 


(Figure 200-32). 
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The goals of intervention in dogs with severe PS 


a re to 

or reduce the systolic pressure gradient to the mild 
range and to provide symptomatic relief in dogs experiencing 
clinical signs. The effect of intervention on survival time in 
dogs or cats is not known. For many years surgery was the only 
available option for treating PS, and a number of surgical 
techniques have been advocated, including valve dilatation, 
patch grafting, or the placement of a conduit from the right 
ventricle to the pulmonary artery.* The open patch-graft tech¬ 
nique is a particularly versatile and cost-effective method of 
treating dogs with PS, particularly cases involving a substantial 
subvalvular obstruction.^ 3 * 3 ^ The technique is well-suited 
to the treatment of some defects not amenable to balloon 
valvuloplasty (eg*, muscular RVOT obstruction, double- 
chambered right ventricle, or severe hypoplasia of the pul¬ 
monic annulus). The patch-graft technique should not be 
performed in dogs with subvalvular PS caused by anomalous 
coronary artery development, because severing of the artery 
and death will result. 

Catheter-based percutaneous balloon valvuloplasty is a 
preferred alternative to surgery in many dogs with valvular 
PS.M A dilatation catheter tipped with an inflatable balloon is 
placed across the obstructing orifice and repeatedly inflated 

(Figure 200-35). Successful reduction of the obstructive 
gradient by 50% or more has been reported in 75% to 80% of 
dogs treated with this technique. 31 ^-*" Improvements in the 
design of the balloon catheter and refinements in the tech¬ 
nique have expanded the application of this procedure 
dogs weighing as little as 2 kg. 4(k Balloon val-vu 1 oplasty is most 
successful when the pulmonary annulus is normally devel¬ 
oped and the valves are relatively thin and fused. More vari¬ 
able results are obtained in dogs with complex lesions and 
hypoplasia of'the pulmonary annulus. a0t ^ lc In the authors' 
experience, balloon dilatation has been of dubious value in 
dogs with severe muscular RVOT obstruction or double¬ 
chamber-type defects. Although balloon valvuloplasty is gen¬ 
erally regarded as a safe procedure with a low complication 
rate, life-threatening problems such as hemorrhage, cardiac 
puncture, and arrhythmias do occur* Dogs with hypoplasia of 
the pulmonary annulus or anomalous development of the 
coronary arteries are at particular risk for serious complica¬ 
tions, including avulsion of the coronary' artery or rupture of 
the pulmonary annulus. 3tk Delayed restenosis can occur, but 
this is not thought to be an important problem.When CHF 
or atrial fibrillation develops secondary to PS, the prognosis is 
poor If medical stabilization can be achieved, balloon valvu¬ 
loplasty or surgery can be attempted. 
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Figure 200-34 Right ventricular angiocardiogram recorded 

from a rottweiler with an unusual form of subvalvular muscular 
pulmonic stenosis. Some refer to this lesion 
chambered right ventricle" to distinguish it from dynamic collapse 
of the hypertrophied infundibulum (see Figure 200-32), Others 
use the term only when the lesion is deeper within the right 
trick, and some avoid the term altogether. Solid arrow indicates 
the muscular obstructing lesion in the right ventricular outflow 
tract. Dashed arrow indicates the location of the pulmonic valv 


as a double- 
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ven 


to 


moderate PS I Doppler-derived gradient less than 80 mm Hg) 

usually live normal or nearly normal lives. This generalization 
does not include dogs with other complicating defects. The 
problem of concurrent tricuspid valve dysplasia and its relation 
to developing heart failure has already been discussed. Although 
systolic pressure gradients are not always predictive of clinical 
outcome, a general correlation between pressure gradient and 
survival appears to exist. Dogs with Doppler-derived gradients 
greater than 125 mm Hg frequently develop secondary tricuspid 
regurgitation, heart failure, exertional syncope, or a senous car¬ 
diac arrhythmia (eg., atrial fibrillation), Mien an ASD, patent 
foramen ovale, or VSD coexists with PS, the potential for right- 
to-left shunting exists. If the right-to-left shunting is pro¬ 
nounced, the consequences include arterial hypoxemia, 
polycythemia, and serious debilitation. Sudden death 
some dogs with severe PS, but this is uncommon* 


% 


i 


occurs m 


Aortic Stenosis 

Subvalvular aortic stenosis is the most common congenital 
cardiac malformation in large-breed dogs.io5c 1 42t J fi7* 1 in9 i Most 

cases of SAS result from a fixed ridge or ring of fibrous tissue 
located in the left ventricular outflow tract just below the aortic 
valve. Subvalvular aortic stenosis is a problematic disorder for 
several reasons. It is very difficult to diagnose in mildly affected 
dogs, and when the condition is severe, it is difficult to treat. 
The phenomenon of dynamic SAS is also being recognized with 
increasing frequency in dogs and cats with a variety of cardiac 
disorders, including fixed $AS r mitral valve dysplasia, hyper¬ 
trophic cardiomyopathy, and other conditions that cause hyper¬ 
trophy of the interventricular septum (i.e., PS, tetralogy of 
Fallot).Bull terriers are predisposed to valvular aortic stenosis 
in which the leaflets are thickened and the aortic valve annulus 
is mildly hypoplastic. Mild aortic stenosis AS) caused by 


Clinical management Patients with uncomplicated PS of 

mild or moderate severity' usually do not require treatment. 

Serial echocardiographic examinations 


can be performed to 
monitor the degree of ventricular hypertrophy and to deter¬ 
mine whether secondary infundibular stenosis or tricuspid 
regurgitation has developed. Exercise restriction is usually 
unnecessary* Some dogs develop more severe obstruction 
time. Dogs w i th severe or symptom a tic disease are candidates for 
surgery or balloon valvuloplasty. The exact pressure gradient 
ranting intervention cannot be stated with certainty. Dogs with 
a Doppler gradient exceeding 100 to 125 mm Hg should be 
considered candidates for balloon valvuloplasty or surgery. Dogs 
with lesser gradients are also candidates for these procedures if 
they are symptomatic or have a large amount of tricuspid regur¬ 
gitation. Intervention at a young age should be encouraged, 
because the development of overt congestive heart failure sub¬ 
stantially lessens the chance for a successful outcome, regardless 
of the method of repair. Due to a high likelihood of heritability 
even mildly affected dogs should not be bred 
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war- 
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•References 21b, 22b, 34c, 35c, 37, 87a, 91a, and 94a. 
tReferences 20b, 23b, 24b, 35c-39c, 38, and 94a, 
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Figure 200-35 Sequence of radiographs taken during balloon dilatation in a dog with valvular 

pulmonic stenosis. The balloon catheter is seen to traverse the cranial vena cava, right atrium and 
ventricle, and pulmonary artery. Radiopaque markers on the catheter are used to help position the 
balloon across the valve. Prominent stenotic lesion (arrow) is seen on inflation of the balloon (A); 
jt becomes less obvious as the lesion is stretched or torn open (B) and (C); and it is no longer 
evident when the balloon is fully inflated (D). 


to, and may involve the cranioventral leaflet of the mitral valve 
and the base of the aortic valves [Figure 200-36). The stenotic 
ring consists of loosely arranged reticular fibers, mucopolysac¬ 
charide ground substance, and elastic fibers. Discrete bundles 
of collagen and even cartilage are found in advanced lesions. 
Cardiac catheterization of dogs with grade 1 lesions failed to reli¬ 
ably detect the postm ort em lesionwh ereas grade 2 lesions often 
were associated with soft cardiac murmurs and minimal systolic 
pressure gradients. As evidenced by these studies, clinical detec¬ 
tion of mild SAS can he quite difficult and genetic counseling 
can be fraught with error. A variety of cardiac abnormalities can 
accompany SAS, most notably mitral valve dysplasia, PDA, and 
a host of aortic arch abnormalities. The valvular lesions seen in 
bull terriers, including myxomatous degeneration and cartilagi¬ 
nous metaplasia of the valve leaflets, resemble those in humans 
with caldfic valvular stenosis. 43 

in some affected dogs, the pathologic findings diverge from 
the classical description. The anterior mitral valve leaflet is 
thickened in apposition to a septal plaque of endocardial 
fibrosis where the mitral leaflets impact the interventricular 
septum as a consequence of dynamic obstruction. Instead of 
a fibrous collar, the septum is uniformly hypertrophied, or a 
broad, fibromuscular ridge that arises from the base of the 
interventricular septum protrudes into the LVOT. Malformed, 
malpositioned, or malaligned papillary muscles, thickened 


a bicuspid valve occurs on rare occasion. Fixed aortic stenosis 
has been described in a small number of cats, includ¬ 

ing one case of supravalvular stenosis. 

Pathology and pathogenesis Subvalvular aortic stenosis 
has been extensively studied in Newfoundlands, for which 
breeding studies have established a genetic basis for the per¬ 
petuation of SAS. 4 *- 1001 The pattern of inheritance is most 
compatible with an autosomal dominant mode of transmis¬ 
sion with modifying genes; however, a polygenic mechanism 
cannot be excluded. The breeding colony studies of Pyle and 
Patterson further indicate that the obstruction may not be 
present at birth but rather may develop during the first 4 to 8 
weeks of life, 4 *- 99 *- f0011 1° 3 ®' lfWl This progression is particularly 
significant with regard to identification of cardiac murmurs in 
pups of breeds known to be at risk for SAS. 

The lesions of SAS in Newfoundlands have been described 
in postmortem studies as mild [grade I), consisting of "small, 
whitish, slightly raised nod Liles on the endocardial surface of the 
ventricular septum immediately below the aortic valve”; moderate 
(grade 2), consisting of a ' narrow ridge of whitish, thickened endo¬ 
cardium'’ extending partly about the LVOT; and severe [grade 3), 
consisting of" a fibrous band, ri dge, or coll ar comp 1 etely end r- 
cling the left ventricular outflow tract just below the aortic 
valve" .^ ion* This ring is raised above the endocardium, extends 
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Figure 200-36 Cross pathology of subaortic stenosis (SAS). A, Left ventricular outflow tract in 
a dog, as viewed from the apex of the left ventricle, shows a circumferential ring of fibrous tissue. 
The anterior mitral valve leaflet and associated chordae tendineae are seen to the right of the 
lesion. B r Cutaway view of the left ventricular outflow tract (LVOTj and aorta (Ao) in a dog with 
fixed, dynamic SAS. A ridge of thick, fibrous tissue (white arrowhead) is seen just below the aortic 
valve, The anterior leaflet of the mitral valve (black arrowhead) is thickened and elongated, 


chordae tendineae, and elongated or distorted mitral leaflets 
contribute to the development of obstruction^^ 3 

Concentric hypertrophy of the left ventricle develops in 
dogs with valvular, fixed, or dynamic SAS more or less in pro¬ 
portion to the severity of the outflow obstruction, although 
the correlation between wall thickness and the magnitude 
of the measured gradient is often poor. 41 Structural and 
functional abnormalities of the left ventricle 45 and coronary 
circulation are well documented in dogs with SAS, m3 MCH* 
Abnormal coronary flow has also been measured in the larger, 
extramural arteries, with diminished baseline diastolic flow 

and reversal of coronary flow during systole, tta K>411 Focal areas 

of myocardial infarction and fibrosis are commonly observed 
in the papillary muscles and subendocardium of dogs with 
severe SAS, often in association with abnormal intramural 
coronary arteries. Histologic changes of the intramural 
nary arteries in these locations include intimal proliferation of 
connective tissue and smooth muscle, and medial degenera¬ 
tion. These changes are presumably related to the high wall 
tension found in this condition, and their genesis may be 
related to the elaboration of angiotensin II or other biochemi¬ 
cal mediators of hypertrophy and remodeling. 4 ^* Moreover, 
these arterial lesions may be important in the genesis of malig¬ 
nant ventricular arrhythmias and sudden death. 

Pathophysiology Obstruction to left ventricular outflow 
causes an increase in left ventricular systolic pressure and 
concentric hypertrophy. Consequent to fixed obstruction, left 
ventricular ejection is delayed, causing 

late rising arterial pulse (parvus et tardus). High-velocity and 
turbulent flow across the stenotic area produces the systolic 
ejection murmur and results in poststenotic dilatation of the 


ascending aorta, aortic arch, and brachiocephalic tnink. Left 
atrial hypertrophy develops as a consequence of the reduced 
compliance of the hypertrophied left ventricle. Mild aortic 
regurgitation is commonly present, presumably due to thick¬ 
ening of the valve leaflets or dilatation of the ascending aorta. 
Damage to the aortic valvular endothelium (jet lesions) pre¬ 
disposes dogs with SAS to bacterial endocarditis. Dogs with 
severe SAS can develop left-sided congestive heart failure from 
myocardial failure, diastolic pump failure due to increased ven¬ 
tricular stiffness, mitral regurgitation, atrial fibrillation, or a 
combination of these factors. More often, exertional syncope 
sudden death is reported, presumably as a result of myocar¬ 
dial ischemia and the development of malignant ventricular 
arrhythmias. In some dogs, exertional collapse may be due to 
hypotension precipitated by cxercise-induced increases in left 
ventricular pressure, activation of ventricular meeb an ©recep¬ 
tors, and inappropriate bradycardia or vasodilatation. 

Clinical findings Congenital SAS is most common in 
Newfoundland retrievers, boxers, rottweilers, golden retrievers, 
and German shepherdis.-^ 50 Valvular AS is common only in bull 
terriers. The clinical findings of SAS vary with the severity of the 
obstruction and the presence of concurrent cardiac defects. 
Clinical findings in pups with mild SAS are often subtle and 

easily overlooked kx* Asymptomatic dogs have 

moderately intense ejection murmur that can easily be confused 
with an innocent or functional heart murmur 51 Insofar as the 
lesions of SAS can develop during the postnatal period, the 
murmur may become increasingly prominent during the first 
6 months of life. Severely affected dogs may present with 
tional fatigue, syncope, or left-sided congestive heart failure, but 
the vast majority of dogs are asymptomatic. In dogs with severe 
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heard at the left heart base, recognizing that in some dogs, the 
systolic murmur is equally loud or louder at the right cardiac 
base, presumably from radiation into the ascending aorta. 
The murmur of aortic stenosis often radiates up the carotid 
arteries and can be ausculted over the ventral cervical region. In 
some affected dogs, a soft diastolic murmur secondary to aortic 
valve insufficiency is also detected. A substantial percentage of 
dogs with SAS have mitral regurgitation r but these murmurs are 
usually difficult to separate, given their similar timing and over¬ 
lapping areas of maximal intensity. Other physical abnormalities 
detected in moderate to severely affected dogs include a dimin¬ 
ished and late-rising arterial pulse and a prominent left ventric¬ 
ular heave arising from the hypertrophied left ventricle. 

The electrocardiogram is often normal but in severe cases may 
indicate left ventricular hypertrophy (increased R wave ampli¬ 
tude in leads 11, III, aVF, and V^), Depression of the ST 
segment and T-wave changes suggest myocardial ischemia, par¬ 
ticularly when these alterations are precipitated by exercise or 

occur in the company of ventricular ectopia (Figure 200-37). 
Compared with the resting electrocardiogram, 24-hour ambu¬ 
latory (Holter) ECG recordings offer a more sensitive method 
of detecting ventricular arrhythmia and ST-segment changes, 
particularly when such changes are precipitated only by exer¬ 
cise. The severity of arrhythmias detected in this fashion often 
corresponds to the severity of disea se.* 2 

Thoracic radiographs may be normal or may indicate left ven¬ 
tricular hypertrophy, Poststenotic dilatation of the hori¬ 

zontally inclined ascending aorta causes loss of the cranial waist 
on the lateral radiograph and widening of the mediastinum on 
the dorsoventral radiograph (Figure 200-38). Mild left atrial 
enlargement is common in dogs with moderate or severe SAS, 
but marked left atrial enlargement suggests concurrent mitral 
regurgitation. Angiocardiography is useful for delineating the site 
and geometry of obstruction, which is usually most evident in the 
ventral aspect of the outflow tract when viewed on the lateral 
projection (Figure 200-39). Other angiographic findings include 
poststenotic dilatation of the ascending aona, enlargement of the 
left coronary artery and its extramural branches, a small left ven¬ 
tricular cavity, and hypertrophy of the papillary muscles and left 
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Figure 200-37 Electrocardiograms demonstrating ST segment 

(A and R) and elevation (C) in three dogs with 
SAS. These results are suggestive of myocardial ischemia. 

10 mm/mV.) A, Tracing from a 1 -year-old golden 
retriever (25 mm/s). B, Tracing from a 6-month-old Newfoundland 
retriever that collapsed and died suddenly 1 hour after die ECG 
performed (25 mm/s). C, Tracing from a 1-year-old golden 


depression 


severe 
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retriever (50 mm/s) 


disease, a common client observation is that the affected dog 
is smaller thar* healthy littermates. Sudden death, without 
premonitory signs, is common in dogs 1 to 3 years of age 

Recognition of severe SAS is not difficult, because the murmur 
generally becomes louder and longer when the obstruction 
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Figure 200-38 Lateral (jV) and dorsoventral (B) radiographs from a young dog with subaortic 
stenosis. Prominent bulge in the cranial waist on the lateral view and widening of the cranial medi¬ 
astinum on 


the dorsoventral view are consistent with poststenotic dilatation of the ascending aorta. 
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by general anesthesia to approximately 40% to 50% of those 
measured in the unanesthetized state. 47c 
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severe SAS is easily confirmed by two- 
dimensional and Doppler echocardiography. Typical findings 
include concentric left ventricular hypertrophy, a subvalvular 
obstructing lesion, and poststenotic dilatation of the 
(Figure 200-4The papillary muscles and endocar¬ 
dial surface of the ventricular myocardium often appear 
hyperechoic, presumably as a result of myocardial ischemia 
and replacement fibrosis or calcification. Structural changes m 
the mitral valve can often be appreciated and abnormal 
motion of the mitral valve (systolic anterior motion} can he 
detected in dogs with coexisting mitral valve dysplasia and 
dynamic obstruction.' 13 Spectral Doppler interrogation of the 
left ventricular outflow tract is used to assess the severity of 
disease through measurement of the peak velocity of flow in 
the LVGT.^ Such measurements show excellent correlation 
with invasive measurements (see Figure 200-41).^ Doppler 
measurements can be made from a variety of parasternal 
subcostal imaging windows, although velocities obtained from 
the subcostal position generally display the highest values. 37b 
Doppler-estimated pressure gradients between 80 and 
10U mm Hg (peak flow velocities ranging from 4.5 to 5 m/s} 
are used to indicate moderate LVOT obstruction, and higher 
velocities are used to indicate severe obstruction, but these 
designations are somewhat arbitrary. Doppler-derived pres¬ 
sure gradients are affected by the amount of flow (cardiac 
output} through the obstructive orifice and may either over¬ 
estimate the severity of obstruction if cardiac output is high 
(c.g., in dogs that are stressed or excited} or underestimate 
severity if. flow is subnormal (e.g,, in dogs with concurrent 
myocardial failure). In these cases, indexing the gradient to 
stroke volume or some related measure or simple estimation 
of the two-dimensional orifice area may provide a better esti¬ 
mate of disease severity 44 53 Color flow Doppler recordings 
valuable for detecting and estimating the severity of 
isting aortic or mitral valve insufficiency. 

Antemortem detection of the mildest forms of SAS by 
echocardiography is often not possible. Dogs with subtle abnor¬ 
malities (i,e., grade 1 lesions as described previously) escape 
detection by even the most accomplished examiners. Even 
with dogs that have grade 2 lesions, segregation from normal 
dogs on the basis of left ventricular velocities is problematic. 
An upper limit for aortic velocity in normal dogs has been 
reported but is not well established for differing breeds and 
examination conditions, 54 The maximum normal aortic veloc¬ 
ity in the authors" laboratory is L7 m/s (upper limit of the 
95% confidence interval); however, velocities in excess of this 
value are sometimes recorded in completely normal dogs or in 
dogs with no evidence of a discrete outflow obstruction but 
that have slighdy diminished outflow' tract dimensions 
(boxers, bull terriers, golden retrievers). A diagnosis of mild 
SAS is more secure when mildly elevated velocity 
ments are accompanied by disturbed flow, when an anatomic 
lesion is visible, and when velocity flow suddenly accelerates 

a discrete region in the LVOT. Inability to reliably detect 
mild SAS is a great source of frustration with regard to efforts 

to provide genetic counseling to breeders, who are interested 
in reducing the incidence of disease. 
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Figure 200-39 Angiogram from a dog with subaortic stenosis 

Left ventricular injection opacifies the left ventricle and 

Funnel-like narrowing of the contrast column is seen in the left 

ventricular outflow tract; a prominent left circumflex coronary 
artery is also seen. 


I 


aorta. 




ventricular wall. Supravalvular aortic injections can be performed 
to identify insufficiency of the aortic valve, but Doppler echocar¬ 
diography is a more sensitive technique. Hemodynamic record- 

i n gs are made to docum ent the presence and sev eri ty of a systol ic 
pressure gradient across the obstruction (Figure 200-40), 
Such recordings are also useful for detecting elevated left ven¬ 
tricular end-diastolic pressure and impending congestive heart 
failure.^ As a result of diminished flow (cardiac output), pres¬ 
sure gradients recorded from dogs w'ith SAS are depressed 
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Figure 200-40 intracardiac and aortic pressures from a 2- 
old golden retriever with subaortic stenosis obtained through 

diac catheterization. The catheter is withdrawn from the left 

ventricle (LV) into the left ventricular outflow tract (LVOT) and 
the ascending aorta (Ao), A 100 mm Hg systolic pressure gradi- 

demonstrated between the LV and LVOT, indicating the 
subvalvular location of the obstruction. 


Ao 




Natural history Severe SAS is a discouraging condition, 
because many affected dogs die prematurely. In a retrospec¬ 
tive survey of 96 dogs with SAS r 21 died suddenly, most 
often during the first 3 years of life.** Eleven dogs developed 
endocarditis or left heart failure and 32 dogs showed evidence 
of exercise intolerance or syncope. Dogs with minimal ven¬ 
tricular hypertrophy, mild ventricular outflow obstruction, and 
maximal Doppler pressure gradient of less than 50 mm Hg 
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Figure 2O0'41 Echocardiography of subaortic stenosis (SAS). A, B, and C are right long axis views 

showing the various morphologic forms of obstruction in the left ventricular outflow tract in dogs 
with SAS, A, Mild membranous SAS in a 5-year-old rottweiler A thin, membranous flap of tissue 
extends from the interventriCuIar septum. No appreciable left ventricular concentric hypertrophy is 
noted. The open aortic valve leaflets are indicated by the arrowheads, B, Severe, tunnel-like SAS in 
4-year-old golden retriever Two ridges of hyperechoic tissue are present at the base of the aortic valve 
(a Trows ) . Th e 1 e ft ventricle is h y pe rtrophi ed and has a h v per echoic endocardi al surf ace C, Dv n a mic 
SAS in a poodle. Systolic anterior motion of the mitral valve is seen projecting into the left ventric¬ 
ular outflow tract (arrow). The left ventricle show’s concentric hypertrophy. The blood flow' velocity 
across the obstruction exceeded 5,5 m/s, indicating a severe degree of pressure overload to the left 
ventricle. D, Right short axis view from a 3-month-old mixed breed dog shows left ventricular con¬ 
centric hypertrophy and marked hyperechogenicity ot the subendocardial tissue and papillary mus¬ 
cles, This Ending is thought to represent areas of myocardial ischemia and replacement fibrosis. 
E, Right long axis color flow Doppler study from a dog with SAS shows high-velocity, turbulent 
blood flow in the left ventricular outflow tract and aorta, F, Continuous wave Doppler tracing from 
the left apical view in a dog with severe SAS shows a peak systolic velocity of 6.5 m/s, indicating a 
pressure gradient of 169 mm Hg across the obstruction. Aortic insufficiency is also detected. 
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are more Likely to live normal lives, whereas dogs with pressure 
gradients in excess of 125 mm Hg are very likely to develop seri¬ 
ous complications or to experience sudden death. Complicating 
factors that contribute to an adverse outcome include: mitral 
regurgitation, aortic regurgitation, aortic valve endocarditis, and 
atrial fibrillation. 51 c-53t Sudden death is most likely to 
during or shortly after vigorous activity. 

Clinical management Dogs with mild SAS are not treated 
other than with administration of prophylactic antibiotics 
during periods of anticipated bacteremia, such as during 
dental procedures, surgery, or whenever a concurrent infec¬ 
tious disease is suspected. This practice 
despite the fact that the efficacy of prophylactic antibiotics for 
reducing the risk of bacterial endocarditis in dogs with SAS 
has not been definitively established. 5 ^ A number of treatment 
options can be considered For dogs with moderate to 
SAS, but most are of uncertain value. Open resection of the 
obstructing lesion during cardiopulmonary bypass clearly 
offers the best opportunity to reduce the systolic pressure gra¬ 
dient substantially and permanently 54 ^-; however, an other¬ 
wise successful procedure does appear to alter the prevalence 
of sudden death significantly. 55c Other surgical procedures for 
dilating or bypassing the obstruction have either failed to 
achieve sustained reduction of the systolic pressure gradient 
or have entailed an unacceptable risk of complications. 5fic ' 57c 
Moreover, these remedies are usually limited in their avail¬ 
ability and are prohibitively expensive. 

Balloon dilatation of SAS has been attempted in dogs as an 
alternative to surgery. On average, catheter-based balloon 
dilatation can reduce the severity of SAS obstruction in dogs 
by 50%. 2?>b This benefit is attenuated in some (and perhaps 
a majority) of dogs over timed^ Balloon dilatation of SAS is 
n^ore challenging than balloon valvuloplasty of pulmonic 
stenosis. Life-threatening complications of SAS include fatal 
arrhythmia, the development of aortic valve endocarditis, rup¬ 
ture of the aortic annulus, and avulsion of the brachiocephalic 
artery during balloon withdrawal. Moreover, the inability of 
gical resection to prevent sudden death suggests that effective 
treatment requires more than reduction of the pressure gradient. 

The authors typically recommend avoidance of prolonged, 
vigorous exercise, recognizing that in young and otherwise 


healthy dogs, even this conservative recommendation is not 
always practical. Based on clinical and pathologic evidence of 
myocardial ischemia, the authors also advise administration of 
L>eta-adrenergic receptor blockers to dogs with high gradients 
or a history of syncope. Beta blockers (e.g., atenolol) reduce the 
maximal heart rate, decrease myocardial oxygen consumption, 
and improve diastolic coronary artery flow, thereby exerting a 
protective effect on the myocardium against ischemia and the 
development of arrhythmias. Moreover, dogs on high doses of 
beta blockers seem less willing (or are less able) to indulge in 
prolonged, vigorous exercise. In theory, treatment with calcium 
channel blockers or ACE inhibitors may also be of value in 
dogs with SAS; however, none of the medical strategies have 
been evaluated in placebo-controlled clinical trials. 

Anomalous Development of the Atria 
and Cor Triatriatum 

Cor triatriauim (sinister and/or dexter) has been reported in 
both cats and dogs. 3 ^^ 7 ^ 1568 -^ With these defects, the 
atrium is partitioned into an accessory atrial chamber, which 
receives venous return, and is separated from the true atrium by 
a perforate membrane The suffix, sinister or dexter „ is used to 
indicate whether the left or right atrium is abnormally parti¬ 
tioned: the term cor triatriatum alone usually refers to a left-sided 
lesion. If the partitioning memt>rane causes obstruction, dilata¬ 
tion of the venous chamber and the entering veins is evident and 
congestion develops. In contrast to mitral or tricuspid valve 
stenosis, blood flows through the stenotic orifice during both 
systole and diastole; however, die functional consequences of 
these defects are very similar From a clinical perspective, 
supravalvular mitral stenosis (SMS) often closely resembles 
triatriatum (sinister); however, SMS is frequently accompanied 
by additional mitral valve abnormalities. The primary distinc¬ 
tion between SMS and cor triatriatum (sinister) relates to the 
location of the obstructing membrane. In animals with SMS, 
the obstructing membrane is located ventral (distal) to the 
foramen ovale, and the left auricle is functionally part of the 
proximal chamber and dilates as pressure in this chamber rises 
(Figure 200-42), 55 In animals with true cor triatriatum (sinister), 
the obstructing membrane is located dorsal (proximal) to the 
foramen ovale; the left auricle lies downstream from the 
obstruction and is not enlarged. If the foramen ovale is closed, 
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sur- 


Fig u re 200-42 l ung-axis, four- 
chamber, two-dimensional echocar¬ 
diograms of a cat with supravalvular 
mitral stenosis. A, Clearly visible 
membrane (solid armw) is located 
above the mitral valve (open arrow) 
that partitions the left atrium into 
proximal (PLA) and distal (DLA) 
compartments. R, Left auricle 
(LAu) communicates with the 
proximal left atrial compartment, 

and the membrane is located dis- 
tally. This feature distinguishes 
supraventricular mitral stenosis 
from cor triatriatum (sinister), in 
which the partitioning membrane is 
proximal to the auricle. RV t Right 
ventricle; ftd, right atrium; Pe E, 

pericardial effusion; PI E , pleural 
effusion. (Fine DM, Tobias Aid, 

Jacob KA: Supravalvular mitral 

stenosis in a cat J Am Atiim Hosp 

Assoc 38:403-406, 2002.) 
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there is little difference between these defects. Affected cats 
typically present with signs of pulmonary congestion, but 
pulmonary hypertension and right heart failure are also seen. 

Cor triatnatum dexter results from persistence of the 
emhryologic right sinus venosus valve. 7 k In dogs with this 
malformation, the right atrium is partitioned bv a diaphragm 
located caudal to the tricuspid valve and foramen ovale. Affected 
dogs usually evidence congestion in the caudal halt of the 
body [ascites) but fail to demonstrate jugular distension or an 
audible murmur. Other clinical findings include prominence 
of the cutaneous abdominal veins, hepatomegaly and diarrhea 
from malabsorption* Dogs with congenital or acquired 
obstruction of the caudal vena cava fBudd-Chiari syndrome) 
present with similar clinical findings. In most affected dogs, 
the electrocardiogram and thoracic radiographs, with the 
notable exception of caudal vena cava enlargement, arc unre¬ 
markable. Diagnosis can be accomplished by echocardiogra- 
phy or angiography. 5 * Treatment for cor tri atria turn generally 
requires surgical resection or bypass of the obstruction, 57 
Balloon dilatation of the obstructing membrane can also be 
attempted, 51 * ^ 


oxygen transport. Hypoxia of the renal tissue incites erythro¬ 
poietin release and induces secondary polycythemia. When 
the PCV exceeds 65% to 68%, the high viscosity of the blood 
predisposes the patient to thrombosis and microvascuW com¬ 
plications. This hyperviscosity syndrome is the primary 
cause of morbidity and mortality in affected animals. Clinical 
manifestations include weakness, hemostatic deficiencies, 
renal dysfunction, metabolic acidosis, iron deficiency, cere- 
b rovascu 1 ar eve nts, syncop e, and sei zu res . 59tl 61 13 7a - 1 

Rrtfro of Systemic to Pulmonary R es is tance 
The magnitude of right-to-left shunting fluctuates with the 
relative resistances of the systemic and pulmonary circula¬ 
tions. Exercise promotes systemic arteriolar vasodilatation and 
decreases systemic resistance, thereby increasing the magni¬ 
tude of right-to-left shunting. In cases of right ventricular 
hypertrophy and VSD, tachycardia or elevated sympathetic 
tone can increase the magnitude of right-to-left shunting by 

exacerbating dynamic infundibular obstruction and increasing 

resistance to right ventricular ejection. 50 Beta-adrcnergic 
blocking drugs are sometimes used to blunt or prevent this 
phenomenon, particularly in patients with tetralogy of 
Fallot. ^ Beta blockers also tend to limit exercise, offering 
another explanation for their efficacy in some patients. Anemia, 
absolute or relative, reduces the ratio of systemic to pulmonary 
resistance when pulmonary resistance is fixed. By this 
mechanism, overzealous phlebotomy can increase the severity 
of arterial hypoxemia as it decreases the oxygen-carrying 
capacity of bfood* 

Additional Circulatory? Factors 

Right-to-left shunting leads to compensatory increases in 
nutritive blood flow to the lung via the bronchial arteries. These 
systemic collateral vessels are easily recognized at angiography. 
Although the phenomenon is uncommon, these vessels can 
rupture, leading to hemoptysis. Paradoxical embolization is 

another potential complication of right-to-left shunting defects. 
Normally the pulmonary vasculature filters systemic venous 
emboli before they can reach the left side of the circulation. 
With reversed shunting, the possibility of a venous embolus 
reaching the coronary, cerebral, or other systemic arteries must 
be considered, particularly when intravenous catheters are used. 
By this mechanism, a thrombus, infectious agents, or air may 
gain access to vital systemic organs. Animals with cyanotic heart 
disease sometimes experience adverse reactions (particularly 
bradycardia) to sedatives and tranquilizers. 

Clinical Evaluation of the Patient with Cyanotic 
Heart Disease 

Common causes of cyanotic heart disease in companion ani¬ 
mals include septal defects in association with tricuspid valve 
disease (ASD + TVD) or pulmonic stenosis (ASD or VSD 4- 
PS); and patent ductus arteriosus or septal defects compli¬ 
cated by pulmonary hypertension (PHT + ASD or VSD or 
PDA). Presenting signs include failure to grow, shortness of 

breath, exertional fatigue, weakness, syncope, and seizures. 
Affected animals evidence dyspnea when stressed. Systemic 
hypoxemia is best confirmed by measurement of the oxygen 
content of an arterial blood sample obtained while the animal 
breathes room air. It is important to realize that providing 
100% oxygen does not significantly improve the hypoxemia 
caused by right-to-left shunting,* 1 Administration of 100% 
oxygen raises the concentration of dissolved oxygen but does 
not substantially raise the amount of oxygen bound to 
hemoglobin, which represents the primary reservoir of oxygen 
in the blood. Animals with cyanotic heart disease are usually 
polycythemic This phenomenon is most obvious when the 
hemoglobin concentration of young animals with cyanotic 
heart disease is compared to age-matched normal animals. 1 -^ 
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LESIONS THAT CAUSE RIGHT-TO-LEFT 
SHUNTING: CYANOTIC HEART DISEASE 


The term cyanotic congenital heart disease is used to categorize 
congenital defects that cause admixture of venous and arterial 
blood, such as tetralogy of Fallot Because the pathophysiol¬ 
ogy and clinical signs of these conditions are similar, they are 
considered as a group. Only the most important defects are 
discussed to illustrate the clinical syndrome common to these 
conditions. The reader is also directed to the previous sections 
on PDA and VSD, which comment on the complicating 
conditions promoting right-to-1 eft shunting. 
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Pathophysiology 

Mechanisms of Right* to-Lefi Shunting 
For desaturated blood to shunt into the systemic arteries, 
a defect must exist that allows admixture of unsaturated and 
saturated blood, as occurs with transposition ol the great ves¬ 
sels, or a communicating defect that connects the two sides of 
the circulation and some mechanism elevating pressures on 
the right. Reversed shunting has been observed with PDA, 
aorticopulmonary window; ventricular septal defect, and atrial 
septal defect. The term Eisenmenger's syndrome is invoked to 
describe circumstances in which increased pulmonary vascular 
resistance causes reversal of a left-to-right shunt and cyanotic 
heart disease, The factors underlying the development 

Eisenmenger's syndrome are incompletely understood hut are 
most likely related to shear stresses caused by the high flow 
rates in the pulmonary vasculature and proliferative changes 
in the vessel wall. 1 ^ Eisenmenger s syndrome 

usually develops rapidly in small animals and almost always 
before 6 months of age. 

Intimal thickening, medial hypertrophy, and pi ex dorm 
lesions of dogs and cats with Eisenmcngcr's physiology arc 
similar to those of humans as described by Edwards and 
Heath and amended by Roberts. 15 These plexiform lesions are 
considered irreversible; consequently, neither medical therapy 
nor closure of the shunt effectively improves the condition 
once these changes have developed. In fact, surgical closure of 
the shunt pathway forces the right ventricle to work solely 
against a tremendous resistance, resulting in right ventricular 
failure, circulatory collapse, and death. 


E ffects of Hypoxemia 

Systemic response to arterial hypoxemia includes an increase 
in red blood cell mass in an attempt to improve systemic 
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Clinically detectable peripheral cyanosis of the 
membranes or skin occurs when the amount of reduced (unoxy¬ 
genated) hemoglobin is greater than 3 g/dL, If this condition is 
suspected, the mucous membranes of both the cranial and caudal 
portions of the patient should be examined and compared, prefer¬ 
ably both before and after exercise. A finding of cyanosis limited 
to the cau dal tissues is kn own as differs Uial cyanosis and suggests 
the presence of a right-to-left shunting PDA, 

Cardiac auscultation of cyanotic patients varies in accordance 
with the underlying defects. Dogs and cats with tetralogy of 
Fallot usually evidence the typical systolic murmur of pul¬ 
monic stenosis. In contrast, most animals with Eisenmenger's 
physiology lack a prominent murmur but often display a loud 
or split second heart sound due to pulmonary hypertension 
and asynchronous semilunar valve closure h*.9M28b Q n 


direction of blood flow can be easily ascertained by Doppl 
or contrast imaging, 3 Detailed ultrasound studies often render 
cardiac catheterization unnecessary unless surgery is contem¬ 
plated and pulmonary hypertension (as opposed to pulmonic 
stenosis) cannot be otherwise ruled out. The pulmonary 
cular and right ventricular pressures can often be estimated 
nonim r asively by measuring the peak velocity of even a small jet 
of pulmonic or tricuspid valve insufficiency and applying the 
Bernoulli equation (see Cardiac Imaging), Echocardiographic 
contrast agents can be used to amplify weak signals from small 
jets, permitting more accurate assessment of jet peak velocity 
and cardiac pressures. 

Cardiac Catheterization 

Cardiac catheterization and angiocardiography are advisable 

whenever uncommon or complex defects are suspected or 

when surgical repair is contemplated. In addition to showing 

the location and severity of the shunt, angiography outlines 

the anatomy of the defect (e.g>, pulmonic, tricuspid dysplasia) 

and permits visualization of the pulmonary vasculature. 

Direct measurements of intravascular pressure are useful for 

assessing the severity of pulmonary hypertension and for 

firming the presence of unusual or easily overlooked defects, 

such as tricuspid valve stenosis. The measurement of pulmonary 

artery pressure is essential when cardiac or vascular surgery 

is contemplated for a patient with cyanotic heart disease. 

If pulmonary vascular resistance is normal, pulmonary flow 

can he augmented and systemic hypoxemia improved by the 

creation of an artificial left-to-right shunt between a systemic 

and a pulmonary artery distal to the site of the cyanotic defect 
(e.g,, Blalock-Taussig shunt). 61 * I2$M3S041* 

Tetralogy of Fallot 

The defining anatomic features of tetralogy of Fallot include 
right ventricular outflow obstruction (pulmonic stenosis), 
ondary right ventricular hypertrophy, a subaortic ventricular 
septal defect, and a rightward-positioned aorta (Figure 200-43). 
Pulmonic stenosis that occurs in combination with an isolated 
VSD produces similar findings, but the infundibular septum is 
not malaligned, the aorta is normal in size, and the infundibulum 
of the right ventricle is not narrowed. 7 ^ These distinctions 


mucous 
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vas- 


occasion, 

an ejection sound with a soft, short, systolic murmur may be 
evident at the left heart base. 

Cyanotic heart disease, with rare exceptions (i.e., tricuspid 
atresia and anomalous systemic venous return), is characterized 
by right ventricular hypertrophy, which is usually evident on 
ECG recordings, thoracic radiographs, and echocardiograms. 
As a general rule, the pulmonary arteries and veins 
ished in size and the lungs appear underperfused (byperlucent) 
survey chest films - 4- The main pulmonary artery and proxi¬ 
mal lobar arteries are usually visibly dilated when Eisenmenger': 
syndrome is the basis for reversed shunting, hut these structures 
not enlarged with pulmonary or tricuspid atresia. In dogs with 
classic tetralogy of Fallot with a muscular infundibular obstruc¬ 
tion, the pulmonary artery is hypoplastic, and poststenotic 
dilatation of the main pulmonary artery is not prominent on the 
dorsoventral radiograph. Dogs and cats with valvular pulmonic 
stenosis and a restrictive VSD demonstrate more prominent 
enlargement of the pulmonary artery segment and proximal 
lobar arteries. These seemingly trivial distinctions often become 
important when surgical repair is contemplated. 
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Echocardiography 

The echocardiogram is particularly helpful in the assessment 
of the cyanotic patient, because most defects can he easily 
visualized. Careful evaluation of the right ventricular inflow 
and outflow tracts usually reveals the site of shunting, and the 
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Figure 200-43 Gross pathology 

of tetralogy of Fallot. A, Right¬ 
sided view of a dog with tetralogy 
of Fallot shows concentric hyper¬ 
trophy of the right ventricular 
wall, a markedly narrowed and 
hypoplastic right ventricular out- 

fl ow tract (w h tie a rrowhead } , an d 

a large ventricular septal defect 
(VSD) (htack arrowhead). B, Left¬ 
sided view of a large, nonresisrive 
VSD (white arrowhead) in a 

patient with tetralogy of Fallot. 
Note the proximity to the root of 
the aorta and the possibility for 
prolapse of an aortic valve leaflet 
into the VSD. 
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are scant, and the left atrium and left ventricle are small I 
(underdeveloped). The addition of unoxygenated blood from 
the right ventricle to the systemic side ot the circulation 
causes arterial hypoxemia, decreased hemoglobin oxygen 
saturation, cyanosis, and secondary polycythemia. Systemic 
collateral circulation to the lung increases via the bronchial 
arterial system. These vessels supply blood to the capillaries of 
the pulmonary parenchyma either directly or via anastomosing 
connections with a larger pulmonary artery. A substantial 
portion of this blood can participate in pulmonary gas exchange. 
Other aspects of clinical pathophysiology have been previ¬ 
ously described i see Clinical Evaluation of the Patient with 

Cyanotic Heart Disease, above). 

Clinical Findings 

Tetralogy of Fallot is common in the keeshond and English 
bulldog and in some families of other breeds. 30 It has also been 
recognized in the cat> Presenting complaints and clinical 
signs are as previously described for cyanotic heart disease, in 
most cases, the murmur of tetralogy of Fallot is produced by 
blood flowing through the stenotic pulmonic valve. 751 ' 

A right-sided murmur, resulting from blood How through the 
VSD, may predominate when PS is mild and left-to-right 
shunting occurs across a restrictive VSD (i.e,, an acyanotic 
defect). The absence of an obvious murmur suggests pulmonary 
atresia and/or polycythemia with hyperviscosity (which 
reduces blood flow turbulence) and ejection across a large, 
non restrictive VSD. Exercise or excitement may induce or 
enhance detection of peripheral cyanosis by accentuating 
right-to-left shunting by mechanisms previously described. 

Radiography usually reveals a small or normal-sized heart 
with rounding of the right ventricular border (Figure ZOO-44). 
The main pulmonary artery is not always visibly enlarged, in 


commonly ignored in veterinary patients because corrective 
surgery is rarely performed. 

Pa th agenesis 

Tetralogy of Fallot has been extensively studied in keeshond 
breeding colonies, and a spectrum of lesions ranging from 
the subclinical to the clinically complicated has been identi¬ 
fied. 3 'h 1241 - 1273 Patterson et al. 124 ° graded the conotruncal 

defects as follows: 

* Grade 1 ; S u bclini ca 1 m al forma Uo ns in volvi n g pers i sten ce 
of the conus septum fusion line, aneurysm of the ventricular 
septum, and absence of the papillary muscle of the conus. 

* Grade 2: Pulmonic stenosis or ventricular septal defect in 
addition to the grade 1 lesions, 

* Grade 3: Tetralogy of Fallot—pulmonic stenosis, ventricular 
septal defect, and dextropositioned aorta (with secondary 
right ventricular hypertrophy 

Additional abnormalities found in some dogs included 
a dilated and tortuous ascending aorta, pulmonary atresia, 
hypoplasia of the supraventricular crest, and anomalies of the 
aortic arch system. Based on extensive breeding studies and 
sophisticated genetic analysis, conotruncal defects have been 
shown to be an inherited autosomal recessive trait with vari¬ 
able expression. 

Path ophys to logy 

The essential components of tetralogy of Fallot are severe 
right ventricular outflow tract obstruction and a ventricular 
septal defect. As a result of the outflow obstruction and 
elevated right ventricular pressure, desaturated blood shunts 
from the right heart through the septal defect to mix with 
oxygenated blood coming from the left ventricle. 122 *"' 1 233 
PulmonSry arterial blood flow and pulmonary venous return 
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Figure 200-44 Lateral (A) and dorsoventral (B) radiographs of a dog with tetralogy oi Fallot, 
Right heart enlargement is suggested by the rounding of the sternal border on the lateral view and 
the reverse D appearance on the dorsoventral view. The main pulmonary artery and peripheral pul¬ 
monary vessels are diminished. The appearance of the heart on the dorsoventral view is classically 
described as "boot shaped'" (coeur en sabot) but Is often difficult to reconcile* 
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Figure 200-45 Be ho cardiography of tetralogy of Fallot in a keeshond puppy. A # Right long axis 
view shows severe right ventricular (RV) concentric hypertrophy and right atrial enlargement 
Right short axis view shows severe RV concentric hypertrophy, flattening of the interventricu¬ 
lar septum, a small, underloaded left ventricle (LV), and hypereebogenicity of the RV subendo¬ 
cardium. C, M-mode study shows enlargement of the RV compared with the LV. The tricuspid 
and mitral valves are seen moving in the center of their respective ventricles. Paradoxical septal 
motion toward the RV during systole appears to occur. D, Right long axis view shows the ventricu¬ 
lar septal defect (VSD) and rightward (dextropositioned) displacement of the aortic root and aorta 
(Ao), E f Color flow Doppler study of an image similar to that in D shows right-to-left shunting of 
blood from the right ventricle, across the VSD, and into the aorta. F, Continuous wave Doppler 

study from the left heart base across the pulmonic valve indicates the presence of high-velocity 
blood flow and pulmonic stenosis. 
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Sudden death is common due to the combined consequences 
of hypoxia, hyperviscosity, or cardiac arrhythmia. Unlike with 
pulmonic stenosis with intact ventricular septum, congestive 

heart failure is an unusual outcome. 

Options for treating animals with tetralogy of Fallot 
include medical and surgical approaches. Definitive correction 
of the defect (i.e., closure of the VSD and removal or bypass 
of the stenosis) can be clone under cardiopulmonary bypass, 
but such surgery is rarely performed in animals. fi7 - 77< As a gen¬ 
eral rule, the stenosis should not be relieved if the VSD cannot 
be closed because the loss of right ventricular pressure results 
in marked left-to-right shunting with subsequent left-sided 
congestive heart Failure,®*'As an alternative to definitive 
correction, surgical palliation through the creation of a systemic 
to pulmonary shunt can be quite rewarding. 64 - 78 ^ l2e “- N,a 
Subclavian to pulmonary artery (Rlalock-Taussig), ascending 
aorta to pulmonary artery (Potts), and aorta to right pulmonary 
artery (Waterston-Cooley) connections have been made in 
dogs and cats. Creation of a left-to-right shunt distal to the 
cyanotic defect increases pulmonary perfusion and allows 
a greater contribution of oxygenated blood to the systemic 
circulation. The size of the accessory shunt must be controlled 
to prevent overloading of the diminutive Left ventricle and 
subsequent pulmonary edema. The extent to which these 
shunts remain patent over long periods in veterinary patients 
has not been reported. 

Periodic phlebotomy, performed to maintain the PCV 
between 62% and 6S%, produces a satisfactory result in many 
cases, 71 Excessive bleeding should he avoided, and the blood 
that is withdrawn is replaced with crystalloid fluids to maintain 
cardiac output and tissue oxygen delivery, 13 * 1 Some children 
with tetralogy of Fallot benefit from beta blockade with pro¬ 
pranolol; however, controlled studies of the clinical efficacy of 
this treatment in animals are lacking. 11 ^ 3 40n Severe hypoxic 
spells should be treated with cage rest, oxygen, and sodium 
bicarbonate (if metabolic acidosis is evident). Treatment with 
vasoconstrictive agents such as phenylephrine can also help 
reduce the amount of right-to-left shunting. Drugs with 
marked systemic vasodilating properties should be avoided. 

Other Causes of Cyanotic Congenital Heart Disease 

Valvular Atresia 

Pulmonary atresia with a ventricular septal defect is essentially 
an exaggerated form of tetralogy of Fallot (Figure 200-47), AF 
the blood ejected from the right heart is shunted right-to-left 
across a large VSD and into an enlarged aorta. The tricuspid 
va 1 ve is u su ally normal. The term pseu dotru ncus a rteriosus h as 
been used to describe this defect, which differs From a true 
truncus arteriosus because careful dissection reveals an imper¬ 
forate pulmonic valve and a vestigial cord representing the 
main pulmonary trunk. On occasion, both the pulmonic and 
tricuspid valves are atretic (see Figure 200-47). The right ven¬ 
tricle is small or hypoplastic, and blood returning to the right 
atrium shunts through a patent foramen ovale or A SO to pro¬ 
duce cyanosis. The lungs are supplied via a PDA or an exten¬ 
sive b much oesophageal collateral circulation, 

Aortic atresia with a hypoplastic left heart is a rare form of 
cyanotic heart disease in dogs, The aortic orifice is often 
imperforate, the ascending aorta is hypoplastic, and the mitral 
valve is usually atretic or hypoplastic. In the absence of a VSD, 
the left ventricle is very small; when a VSD is present, the left 
ventricle is better developed, The right heart supplies the 
entire pulmonary and systemic circulations, resulting in 
profound cyanosis and, in most cases, early death. 

Double outlet right ventricle Double outlet right ventricle 
(DORV), in which both great vessels exit from the right ventri¬ 
cle, has been reported in dogs and cats (Figure 200-48). JilSll l4 ^ a A 
VSD provides the left ventricle with an avenue for outflow 




















Figure 200-46 Angiogram from a keeshond with tetralogy of 

Fallot,The right ventricular injection opacifies the right ventricle, 
pulmonary artery, and aorta. Contrast can be seen in the region of 
the suspected ventral septal defect {*). The contrast column nar¬ 
rows in the right ventricular outflow tract and the region of the 
pulmonic valve (arrow). A large, poststenotic dilatation of the 
main pulmonary artery ( arrowhead) is present. A wide, rightward- 
positioned aorta can be appreciated. 


contrast to the usual case of pulmonic stenosis with intact 
ventricu 1 ar septurn. The pulmotmry vascu 1 ature is diminished, 
and the left auricle may be inconspicuous as a consequence of 
decreased venous return. The ECC typically exhibits criteria 
for right heart enlargement including right axis deviation, 
although left or cranially directed vectors may be found in 
some cats. l2Pa Echocardiographk findings include right ven¬ 
tricular hypertrophy, increased right ventricular chamber 
dimensions, reduced left atrial (LA) and LV dimensions, a 
large subaortic VSD, and right ventricular outflow obstruction 
(Figure 200-45). Doppler or contrast studies can be used to 
document right-to-left shunting at the ventricular outflow 

level (Figure 200-46). 3 > n0a 

Cardiac catheterization demonstrates equilibration of left 
and right ventricular systolic pressures, compatible with a large, 
non restrictive VSDJ 78n Oximetry samples reveal a step-down 
at the left ventricular outflow level, and the aortic blood is rel¬ 
atively desaturated. Angiocardiography reveals right ventricular 
hypertrophy narrowing of the right ventricular infundibulum, 
pulmonic stenosis with minimal poststenotic dilatation, varying 
degrees of pulmonary artery hypoplasia, a large subaortic VSD, 
a small, dorsally displaced left ventricle, an enlarged and right¬ 
ward-positioned aorta, and prominent bronchial circulation 
(Figure 200-46). 1241281 Bidirectional shunting across the VSD 
is common in anesthetized animals. Anti coagulation therapy 
(e,g., heparin) should be considered to prevent cerebral emboliza¬ 
tion during and immediately after cardiac catheterization. 

Clinical Management 

The natural history and survival times of dogs and cats with 
tetralogy of Fallot are not well characterized. Like other 
cyanotic heart diseases, tetralogy of Fallot can be tolerated for 
years if pulmonary blood flaw is maintained and hyperviscos¬ 
ity is controlled.21 Most affected animals have severely limited 
exercise capacity. In cases of pulmonary atresia, pulmonary 
blood flow must be derived from a patent ductus arteriosus, the 
bronchial artery, or an elaborate network of systemic collaterals. 
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Figure 200-47 A, Specimen 

from a cat with tetralogy of Fallot 
and pulmonary artery atresia 
(pseudotruncus arteriosus). The 
left ventricle has been opened to 
expose the large ventricular septal 
defect (white am)tv), the hypopl 
tic pulmonary artery (small arrow), 
and the dilated aorta (Ao), 
Pulmonary flow was through the 
ductus arteriosus, the origin and 

termination of w hich are shown by 

arrowheads. Although the lobar 
pulmonary arteries were patent, 
almost no blood 


as- 


in the 

main pulmonary artery. B, Specimen 
from a dog that exhibited severe 
cyanosis from birth. The proximal 
aorta is hypoplastic, and an aortic 
opening (valve) could not be iden¬ 
tified. A huge pulmonary artery 
gives origin to the right and left 
pulmonary branches, and a large 
patent ductal segment connects to 
the aortic arch, supplying the bra¬ 
chiocephalic vessels, the descend¬ 
ing aorta, and the hypoplastic 
aorta, C, Same dog as in B. Note 
the marked hypertrophy of the 
opened right ventricle, as well as 
the ventricular septal defect, which 
received blood from the underde¬ 
veloped left heart. 


was 




cv /:- T v 


Jew 


into the great vessels. Depending 
VSD in relation to the origin of the great vessels, DORV 
manifest as either pulmonary overcirculation 
Concurrent abnormalities such as pulmonic stenosis, pul¬ 
monary hypertension, and coarctation of the aorta can also 
affect the development of clinical signs. Cyanosis is likely if 
the VSD lies under the pulmonary artery. Surgical correction 
of this condition in dogs has been reported. 3 * 

Transposition of the great arteries In D-transpasition of 
the great arteries, the aorta originates from the right ventricle 
and the pulmonary trunk from the left ventricle, In 
the pure and fatal case, two independent circulations exist, 
and the systemic arteries never receive oxygenated blood! 


on the location of the 


Survival of an animal with D-transposition depends on the 
presence {or production) of shunts between the two circula¬ 
tions to allow for mixing of blood to prevent fatal hypoxemia. 
These defects are complex, generally lethal, and most likely 
underdiagnosed in animals, relative to children, because most 
animals probably die at a very young age undiagnosed. 

Miscellaneous Cardiac Defects 

The potential for anatomic and physiologic variants of 
congenital heart disease is tremendous, and it is beyond the 
scope of this chapter to discuss the entire spectrum of mal¬ 
formations. The following descriptions summarize clinically 

relevant aspects of rarely encountered cardiac and pericardial 
defects. 


can 


or cyanosis. 


v.v- 
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Figure 200*“48 Pathology of a double outlet right ventricle (DORV i in a 6-month-old domestic 

shorthair cat. A, Dorsal view of the heart showing the side-by-side positioning of the aorta (Ao) 
and pulmonary artery (PA) at the cranial right edge of the heart. B, View of the ventricular septal 
defect (arrow) from the left ventricular (L\P) side. Note the absence of a left ventricular outflow 
tract and aorta originating from the LV and the discontinuity between the mitral valve apparatus 
nd the missing aorta. C, View from the right cranial aspect showing the origin of the aorta and 
pulmonary artery from the right ventricle. The opening of the VSD into the right ventricle is below 
the crista supraventricularis and is not easily seen in this view. D, View of the right side of the inter- 
entricular septum reveals the location of the VSD (arrowhead) near the origin of the aorta (aortic- 
committed DORY] (Courtesy Dr Richard Kienk Gilroy L.A.) 


a 


v 


lymphatics is prominent, and there is no evidence of myocar¬ 
dial inflammation or necrosis. The clinical features of endo¬ 
cardial fibroelastosis include early development of left 
biventricular failure, generally before 6 months of age. Mitral 
regurgitation may be detected. Left ventricular and atrial 
dilatation are evident on radiographs and on the ECG 
limited echocardiographic studies performed to 
reduction of left ventricular myocardial function as opposed 
to pure valvular disease in which shortening fraction tends to be 
normal or increased. 15 -* The diagnosis of primary endocardial 


Endocardial fibroelastosis has been reported in 

and cats and is probably familial in some 

and Siamese cats. 12 * 7?c d ?,fl_153a The gross 


dogs 65 

lines of Burmese 
anatomic findings include left ventricular and left atrial dilata¬ 
tion with severe endocardial thickening, characterized grossly 
by diffuse, white, opaque thickening of the luminal surface 
(Figure 200-49). Histologic lesions in the cat include diffuse 
hypoceUular, fibroelastk thickening of the endocardium 
with layering of thin, randomly organized collagen and elastic 
fibers. 151al53a Edema of the endocardium with dilatation of 


t51a,l54(,455a 


or 


. The 


suggest 
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Figure 200-49 Gross pathology 
of a cat with endomyocardial 
fibrosis. Cutaway views of the left 
ventricular inflow tract (A) and 
the left ventricular outflow tract 
(B) show diffuse fibrosis of the 
endomyocardial surface of both 
the atrium and ventricle. 


fibroelastosis is at times tenuous, inasmuch as chronic left 

triedar dilatation may lead to similar changes, particularly in 
the setting of mitral dysplasia, aortic stenosis, restrictive and 
dilated cardiomyopathy, or myocarditis. Dogs with endocar¬ 
dial fibroelastosis often have thickening of the mitral valve 
leaflets and mitral regurgitation. 1 * 4 ^ 5511 Affected animals fail 
to thrive. Medical treatment of congestive heart failure may 
be effective in prolonging life, but recovery is unlikely. 


Peritoneal-pericardial diaphragmatic hernia (PPDH) i 
relatively common developmental 

cats, 11 i This condition is not a true cardiac anomaly, 

be confused with other congenital and acquired 
conditions. For further information, the reader is referred to 


ven¬ 


ts a 


anomaly of dogs and 


Chapter 205. 


Vascular Anomalies 

Vascular anomalies can be classified based on their location in 
the vascular system. A number of vascular malformations have 
been reported/*fr,sa. ( «wa, 171». 196 - p atent ductus arteriosus, dis¬ 
cussed previously, is the most important of the vascular mal¬ 
formations. Peripheral vascular disorders, including abnormal 
abdominal and hepatic venous drainage and arteriovenous fis¬ 
tulas, 3711 are detailed in their respective chapters. Unilateral 

atresia of a pulmonary artery has been described in a cat with 
res p ira tory d i ffi cu 1 ty, 

anomalously but rar 


Coronary arteries can develop 
cause documented clinical disease 
associated with pulmonic stenosis. 33 Other 
major vascular defects center about the aorta and the systemic 

venous drainage, and the salient features of these 
disorders are briefly addressed. 


IBS-! 


except 


Aortic Anomalies 

Persistence of the right aortic arch, as opposed to the left fourth 
aortic arch, causes regurgitation in weanlings due to constric¬ 
tion of the esophagus 490 5<tal 7 u ' 1S3a Vascular ring anomalies 

include this common malformation and other total or partial 
ring anomalies, such as those formed by retroesophageal sub¬ 
clavian arteries, double aortic arch, or left aortic arch with right- 
sided ligamentum arteriosum. 177 *- 17 ^ 180 * J 84a The condition is 
quite common in German shepherds and has been recognized in 
many other canine breeds, including Irish setters and Great Danes. 
The condition is uncommon in cats. Occasionally, other cardiac 
defects are present, including PDA (Figure 200-50 and Figure 
200-51).This condition is described more fully in Chapter 208, 
Aorticopulmonary septal defect (window) is caused by failure 
of the truncus arteriosus to differentiate; this results in 


Figure 200-50 Gross pathology from a dog with persistent 
right aortic arch, patent ductus arteriosus (D), anomalous origin 
of the left subclavian artery (L$C) t and persistent left cranial vena 
cava (PLC VC ), The left-sided view of the heart, great vessels, and 
esophagus (Eso) shows the entrapment and cranial dilatation of 
the esophagus by the patent ductus arteriosus. The 


origin of the 

left subclavian artery is moved distal from its usual location and 
is behind the esophagus. The persistent left cranial 
be seen extending laterally alongside the esophagus and left heart 
base and coursing around the caudal waist of the heart. 


vena cava can 
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be attempted if pulmonary vascutar resistance is markedly 

elevated. 

Coarctation and interruption of the aorta is 
dogs that is characterized by narrowing of the aorta distal to 
the subclavian artery, adjacent to the ductus arteriosus, A case 
reported by Eyster 1 ^" demonstrated systolic and diastolic 

and left ventricular failure. The clinical features of 
coarctation in children are well described and in many ways 

are similar to this case* 
reported in two dogft 80 ^ 1 * 0 * and a case of tubular hypoplasia 
of the ascending aorta in a dog has also been described 119J “ 
Although these lesions differ from coarctation, they are addi¬ 
tional examples of malformation of the aorta in small animals. 

Definitive diagnosis usually requires angiography, although 
MR I and CT are effective methods of evaluating lesions of 
the aortic arch. Surgical correction has been successful in 

affected dogs. 




defect in 








murmurs 








Aortic Interruption has been 










p\ 




x?*.v.y 


*jfr ft" 




Venous Anomalies 

Thoracic venous anomalies rarely cause cardiac problems 
small animals. Total or partial anomalous pulmonary venous 
return, which has been reported in a dog, behaves Functionally 

left-to-right shunt at the atrial level, 80 * Abnormalities of 


as a 

abdominal venous drainage, such as patent ductus venosus, can 
induce hepatic encephalopathy, A relatively common venous 
abnormality of clinical significance during thoracic surgery or 
cardiac catheterization is the persistent left cranial vena 

*w r Bicj95a xhis structure, normally present in the fetus as 


Figure 200-St Surgeon's view of a persistent left crania! vena 
cava. This venous anomaly is often encountered during the 
pproach to a patent ductus arteriosus. No hemodynamic conse¬ 
quences result from this anomaly. 


a 


cava 

part of the left cardinal venous system, may persist and drain 
into the embryologlcally related coronary sinus in the caudal 
aspect of the right atrium. Persistent left cranial vena cava may 
interfere with surgical exposure, particularly during surgical 
treatment of persistent right fourth aortic arch, or may con¬ 
found cardiac catheterization, but otherwise it is of no known 
functional significance. As with persistence of the right fourth 
aortic arch, this vascular anomaly is common in German shep¬ 
herds and has been reported in other canine breeds and in 
cats, 133 * 195 * Division of this vessel generally poses no clinical 
problem provided the normal right cranial vena cava is also 
present. Venous aneurysms or related anomalies are extremely 

rare. 3SI> 


a common opening between the aorta and the pulmonary 
artery, and shunting develops between the left and right sides 
of the circulation. Although a clinical condition similar to 
PDA can develop, some reports suggest that 
pulmonary hypertension develops during the first year of life 
and that clinical signs are similar to those in dogs that develop 
Eisenmenger's syndrome 

Management is similar to that for a reversed FDA, Surgery 

difficult without cardiopulmonary bypass and should not 


in most cases, 


due to other defects. 1 ** 1 
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IS 
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Figure 200-52 Persistent left cranial vena cava in 
dog. Contrast was injected simultaneously into the 
right and left jugular veins. 

vena cava is evident (R), as is the persistent left vena 
cava 

caudal portion of the right atrium and empties into 
the coronary sinus. 


■T 


The normal right cranial 


(L). Note that the left vena cava enters the 
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CHRONIC MITRAL VALVE INSUFFICIENCY 


The bulging of such areas towards the atrial side of the leaflets 
has been described as rolling of the edges* With progression, 
the bulging becomes worse and the free edge becomes thick¬ 
ened and irregular and the lesions spread into other parts of 
the leaflets. Within the same valve leaflet one section may 
look relatively normal while another, neighboring section is 
moderately or severely diseased. In late stages, secondary fibrosis 
can cause marked thickening and contraction of leaflets and 
chordae tendineae. The chordae tendineae may rupture 23 , 
which leads to an unattached free edge, that is, a flail leaflet. 24 
Ultrastructurally, there is myxomatous proliferation of the valve, 
in which the spongiosa component of the valve is unusually 
prominent and the quantity of acid-staining glucosamino- 

glycans (GAGs) is increased (Figure 201-2, B)A 22 - 23 The 

valvular interstitial cells in affected areas often have morpho¬ 
logic changes of the nucleus, a localized concentration of abnor¬ 
mally shaped mitochondria and rough endoplasmic reticulum. 


Chronic mitral valve insufficiency (CMVI) in dogs is usually 
caused by a progressive myxomatous degeneration of the atrio¬ 
ventricular valves. The disease has been given many names in 
the veterinary literature, Including endocardiosis and chronic 
valvular disease. Similar changes of the mitral valve are also 
seen in humans, horses, and pigs. 

Occurrence 

CMVI is common in the dog and has been estimated to 
account for 75% to 80% of canine cardiac diseases. 4 ' 7 The 
prevalence of CMVI is strongly age dependent; from only a 
few percent in young dogs to approximately 75% 
older than 1 6 years. 4 -V-8 CMVI is encountered in all breeds, 
but the prevalence of the disease varies greatly: dogs of small- to 
medium-size breeds, such as the Papillon, Poodle, Chihuahua, 
Dachshund, and Cavalier King Charles spaniel, are most com¬ 
monly affected.^ 12 The prevalence of CMVI in cats without 
primary myocardial disease is unknown but seems to be low. 

Significance and Progression 

CMVI is characterized by slow progression. Risk factors for 
progression of CMVI from mild to severe in small dogs 
include severity of valve lesion, age, and gender. ^ The dis¬ 
ease progresses into moderate and severe CMVI at a lower age 
in males than in females. 13 Whether or not these risk 

Factors apply in large dogs is unknown. Typically, it takes sev¬ 
eral years for the disease to evolve from mild, clinically silent 
CMVJ to severe disease with signs of heart failure. N - 15 - 19 Many 
affected dogs will therefore not develop clinical signs from the 
disease during their lifetime. The most severely affected dogs, 
however, will end up needing therapy for heart failure, and, in 
the end, die or be euthanized due to refractory cardiac failure 
[Figure 201-1]. CMVI has been reported to account For 75% 
of the cases of congestive heart failure in dogs 7 -**, a proportion 
which is considerably higher in affected breeds. 
Furthermore, the presence of CMVI and ongoing medical treat¬ 
ment for heart failure may complicate medical treatment 

for other conditions and decisions for surgical procedures 
anesthesia. 

Pathology 

Macroscopic appearance of myxomatous degeneration depends 
on at which stage of disease the valve is examined. Macroscopic 
findings in cases of mild myxomatous degeneration may not be 
apparent and may be overlooked, especially in dogs without 
idence of valvular insufficiency. Common findings at early 
stages include elongated chordae tendineae and enlarged, thick¬ 
ened leaflets with areas showing bulging/ballooning/prolapse 
towards the atrial side (Figure 201-2, A). 6 2223 The changes 
begin in the area of apposition of the leaflets and are usually 
most pronounced in sections where chordae tendineae inserts. 
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Age (years) 

Figure 201-1 Proposed model for progression of CMVI in the 
Cavalier King Charles Spaniel population. The effect of age on 
the annual percentage of new cases of heart murmurs attributable 
to CMVI out of the total population in male (thin black line) and 
female dogs (thin gray line), and on the annual percentage 
deaths/euthanasias caused by heart failure (thick black or gray 
lines). Note that both curves resemble a distribution of a random 
variable with a means of approximately 6 to 7 years (heart mur¬ 
murs] and 9 to ID years (deaths/euthanasias], respectively. The 
male and female populations differ In their epidemiology con¬ 
cerning age of onset of MR and mortality attributable to CMVI. 
Initiated breeding programs aim at pushing the curve of new cases 
of CMVI to higher age to reduce the number of cases of conges¬ 
tive heart failure (Prom Haggstrom J; Chronic valvular disease i 
Cavalier King Charles Spaniels—epidemiology, inheritance and 

pathophysiology. Thesis, Swedish University of Agricultural 
Sciences, Uppsala, 1996.) 
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Figure 201-2 A, Postmortem specimen of an opened left ventricle (LV) and left atrium [LA) 
from a dog that suffered from CMVI. The left ventricle and atrium are dilated, and the mitral valve 
leaflets are thickened and contracted, with nodules rolling in the free edges (arrowheads ). Evidence 
of chordal involvement present in the form of ruptured chordae tendinae (n/roioj 
present on the atrial wall foeiweeti white arrowheads) result when the regurgitant streams of blood 
from the left ventricle strike the atrial wall. B, Transmission electron micrograph demonstrating 
loss of collagen in the subendothelial layer of the mitral valve of a dog with C,M VI due to myxo- 

degeneration. Fragments of valvular interstitial cells (white arrow) are visihle interspersed 
between disrupted bundles of collagen [C]. There is obvious variation in the appearance of the 
dothelia! cells (E). C, Scanning electron micrograph of the surface of the distal zone of a diseased 
mitral valve. The triangular area of endothelium in the middle of the picture (E) is the only 
endothelium left in this area; the remaining area is completely denuded. Underlying collagen has 
been revealed, w hich indicates the absence of basement membrane remnants. D r Higher magnifi¬ 
cation of the triangular "endothelial island (E)" in Figure C, shows that these cells are somewhat 
clumped, with a very dense microappendage population, considerably more dense than is seen in 
the normal state with the entire cell surface covered, (A, From Pedersen HD r Haggstrom J: Mitral 

alvc prolapse in the dog: a model of mitral valve prolapse i 
B # C, and 0, Courtesy Brendan Corcoran, Alexander Black, Joanna Dukcs-McEwan, Anne French, 

University of Edinburgh, Scotland and University College Galway, Ireland.) 
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disorganized cytoskeleton, and lack of secretory vesicles, 25 
There is haphazard arrangement, disruption and fragmenta¬ 
tion of the collagen fibrils surrounding the interstitial cells 
(see Figure 201-2, B), The endothelial cells covering affected 
areas become polymorphic and 


parents is very important. It should be set at an age at which 
dogs with an early onset of CMVI are excluded, but not too 
high because this may impoverish the breeding population 
unacceptable low numbers. 13 


to 


some areas completely loose 
the endothelium, exposing the underlying extracellular 
matrix (figure 201-2, C, and 201-2, D). 25 Exposure of colla¬ 
gen and other matrix components to the blood is expected 
promote thrombosis. Although thrombosis may develop 
complication in CMVI dogs, thrombus formation on the 
mitral valve is uncommon. Why it is absent in the presence of 
endothelial damage is currently not known. Inflammation is 
not an apparent part of the degenerative changes. 

The valvular regurgitation leads to secondary changes 

including dilation of the left atrium, mitral annulus, and left 
ventricle (eccentric hypertrophy), atrial endocardial lesions 
(fibrosis] opposite the mitral orifice (i.e,/jet lesions' 3 ), and, in 
severe cases, varying degrees of atrial rupture, such 
endomyocardial splits, ruptured pectinate muscles in the 
atria! appendage, acquired atrial septal defect, and hemoperi- 
cardium. 6 Myxomatous degeneration is not restricted to the 
mitral valve and it may be detected in any of the four intra¬ 
cardiac valves. The incidence of valve involvement in dog 
reported as follows: mitral valve alone 62%; mitral and tricus¬ 
pid valve 32.5%; tricuspid valve alone 1.3%. 6 The pulmonary 
and aortic valves are less commonly affected. Interstingly, 
lesions similar to myxomatous degeneration of the atrioven¬ 
tricular valves have been described in the main pulmonary 
artery in Cavalier King Charles spaniels. 26 Other findings in 
dogs with advanced stages of CMVI include intramural 
arteriosclerosis and multiple small myocardial infarcts, 27 - 29 
In contrast to humans with mitral valve prolapse, infectious 

endocarditis affecting the damaged leaflet is a rare complica¬ 
tion in dogs. 1 


Etiology and Pathogenesis 

Little is known about the pathogenesis of the progressive 
thickening and degeneration of the leaflets. An old theory i 
that the changes are response-to-injury type lesions, such as 
that repeated impact to the leaflets (especially the areas of 
apposition) results in slowly progressing changes. 30 Probably 
one or more primary inciting factors increase the risk of disease 
in predisposed animals as not all dogs develop atrioventricular 
valve myxomatous degeneration. The nature of these primary 
initiating factors are currently not known, although certain 
abnormalities of collagen and other extracellular matrix 
ponents have been suggested. 13 It has been suggested that 
a primary defect leads to abnormal valve motion, that is, 
prolapse of the leaflets, which in turn increase the shear stress 
imposed on them, both directly through the abnormal leaflet 
apposition and indirectly through the increased regurgitant 
flow. 1519 ] t likely plays an important role for the progression 
of the disease that the endothelium is damaged or even missing 
in diseased areas 26 31 , because endothelial cells are known to 
communicate extensively with subendothelial cells (eg,, valvu¬ 
lar interstitial cells). Specifically, endothelial damage may lead 
to an imbalance in local concentrations of growih-promoting 
and growth-inhibiting substances produced by endothelial 
cells. For instance, associations have been found between 
disease severity and the expression of endothelin receptors and 
nitric oxide synthase. 32 33 Future research into local disease 
mechanisms may suggest ways of treating the actual disease 
rather than merely the resulting circulatory disturbances. 
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Pathophysiology 


Inheritance and Breeding 

The etiology of CMVI has not been ascertained but heredity 
has long been suspected to play a major role, owing to the 
strong association of this disease with certain small to medium¬ 
sized breeds. Two recent studies of families of Cavalier King 
Charles spaniels and families of Dachshunds provide evidence 
that genetic factors play a large role in the etiology. 17 - ia The 
disease seems to have a polygenic inheritance; that is, multiple 
genes influence the trait and a certain threshold has to be reached 
before CMVI develops. 17 - 18 Males have a low r er threshold than 
females, which means that males will develop the disease at 
younger age than females within a family of dogs in which the 
offspring on average have the same genotype. The polygenic 
mode of inheritance means that a combination of a sire and a 
dam that both have an early onset of CMVI will give offspring 
that have, on average, an early onset of CMVI (and heart failure). 
A combination of dogs with late onset will give offspring that 
manifest the disease at old age or never. The major role played 
by genetic factors implies that other factors, such as level of 
exercise, degree of obesity, and diet, play a relatively minor 
role in the etiology. Likely because of this, very little is known 
about the influence of such factors on the disease. Breeding 
programs aimed at reducing the prevalence of CMVI have 
been launched in Europe and North America and elsewhere 
for Cavalier King Charles spaniels and Dachshunds. These 
breeding programs use auscultation to identify the presence of 
a heart murmur or echocardiography to detect and quantify 
mitral valve prolapse or regurgitation. Dogs that are under a 
specific age and have developed a heart murmur or eehocar- 
diographic findings consistent W'ith CMVI are not allowed to 
breed. Likewise, offspring from parents that have developed 
a heart murmur or echocardiographic evidence of early CMV3 
under a certain age limit are excuded from breeding in some 
programs. The age limit for potential breeding dogs and 


Proper mitral valve closure requires an anatomically and func¬ 
tionally intact valve apparatus. Mitral regurgitation (MR) 
be due to alterations of the valve leaflets, dilatation of the atrio¬ 
ventricular annulus, rupture of chordae tendineae, or inappro¬ 
priate contraction of the papillary muscles. More than one of 
these factors can usually be identified when CMVI is present. 
The consequences of CMVI depend on several factors 34 ; the 
reduction in forward flow, the regurgitant volume, the size 
and compliance of the left atrium and the pulmonary vascular 
bed, the development of tachyarrhythmias (atrial or ventricular) 
or thromboembolism, and rupture of the left atrial wall. 
Primary MR of lesser degree does not induce any apparent 
change in indices of cardiac size or function.The forward stroke 
volume is maintained, and the small regurgitant volume i 
easily accepted by the left atrium. With progression of the 
valve lesions, the regurgitant part of the total left ventricular 
stroke volume increases, but several cardiac and non-cardiac 
(e.g„ renal, neurohumora], and vascular) compensatory mech¬ 
anisms contribute to maintain the forward stroke volume. 13 ' 34 
The left ventricle compensates for the loss of forward stroke 
volume by increasing the end diastolic volume (preload) and, 
to some extent by increased heart rate. 35 - 36 However, the heart 
rate is usually not significantly changed until advanced stages 
of CMVI, when it increases. 34 - 36 The increased preload 
an increased force of contraction according to the Prank- 
Starling mechanism. 3 ' The resistance to ventricular emptying 
is reduced in the first stages of ejection because the regurgi¬ 
tant volume is ejected into the left atrium at low pressure, 
before sufficient pressure is generated at lower volume to 
open the aortic valve and cause forward ejection into the aorta. 
These mechanisms lead to exaggerated motion of the left ven¬ 
tricle (hyperkinesia). Myocardial systolic function is relatively 
w ell preserved because the ejection into the left atrium at low 
pressure require relatively little w f ork by the left ventricle. 
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intolerance might he noted. Cough is the most common pre¬ 
senting complaint in CMVI. Although this sign is not specific 

for heart disease or heart failure, it should merit further evalua¬ 
tion. In the case of advanced CMVI, the cough may be caused 
by pressure of the left atrium on the left mainstem bronchus, 
by pulmonary congestion and edema or, most commonly, a 
combination. 20 With pulmonary edema present, other common 
clinical signs are tachypnea and dyspnea. The dogs are often 
anxious and restless during the night while they lie in lateral 
recumbency (orthopnea) and prefer sternal positioning. In 
more advanced cases respiratory sounds, often wheezes, may 
be audible. These dogs are often inactive and have varying 
degrees of inappetence. Cardiac cachexia may develop, 
although loss of body weight may be masked by concurrent 
fluid retention and edema. Dogs with left mainstem bronchial 
compression but without pulmonary congestion or edema may 
have coughing spells at any time during the day, especially 
during physical exercise or excitement. Otherwise they do not 
demonstrate clinical signs. 

Syncope is encountered in some dogs with CMVI. Syncope 
may be associated with a tachyarrhythmia, but the course of 
events often resembles that which is described in vasovagal 
syncope. 42 The frequency of the syncope vary from occasional 
spells to several attacks per day. Other causes of syncope 
include tussive fainting that may occur in conjunction with 
paroxysm of coughing or exercise in the presence of pulmonary 
hypertension. 20 

Physical Examination 

A mid-systolic click is frequently encountered in early stages 
of CMVI (Figure 201-3, A), 43 44 although it may be difficult 
to detect by auscultation. The presence of this sound is depen¬ 
dent on heart rate and body position. 43 A systolic click may be 
accompanied by a low-in tensity systolic murmur. The murmur 
is most frequently early systolic but may be late systolic or 
may in some dogs vary between the two. With progression, 
the most prominent clinical finding is a holosystolic heart 
murmur. The sound begins as a soft apical systolic murmur on 
the left side of the thorax and may be intermittent and some¬ 
times audible only during inspiration (Figure 201-3, B). In the 
early stages of CMVI, the murmur can often be augmented by 
physical maneuvers, such as a short run. 43 With further pro¬ 
gression, the sound becomes holosystolic and more intense 
(Figures 201-3, C, and 201-3, D) 131543 ^ 5 and may radiate over 
to the right side of the thorax. A thrill may be palpated over 
the left thoracic wall (cardiac apical area) and the apical beat 
may be pronounced. Musical murmurs (whoop sounds) of high 
intensity occur less frequently. This murmur does not indicate 
the severity of CMVI [ Figure 201 -3, H) 44 There is usually a shift 
in the relative intensity of SI and S2 (see Figure 201-3, D}. 45 

In the absence of significant myocardial failure, the first heart 
sound is usually enhanced, whereas the second heart sound 
becomes less intense. 20 44 45 A low-intensity third heart sound 
is often present, but this sound is often difficult to detect by 
auscultation (see Figure 201-3, D). 4445 Tire presence of a clearly 
audible third (gallop) sound is a strong indicator for myocar¬ 
dial failure. 44 In cases of severe heart failure, the heart sounds 
and murmurs may be muffled by pleural effusion or cardiac 
tamponade. Thus even though auscultatory findings may be 
suggestive, the clinician must rely on the supporting historical, 
clinical, echocardiographic, and radiographic data to determine 
the hemodynamic significance of the insufficiency. 

The presence of sinus arrhythmia in advanced CMVI indi¬ 
cates that decompensated heart failure is absent. 36 The heart 
rate increases in response to decreased forward cardiac output 
as decompensation develops, and the heart rate becomes more 
regular. A rapid and irregular heart rate is indicative of arrhyth¬ 
mia. The most common form of ectopy is atrial premature 
contractions. In more advanced CMVI, supraventricular 


Patients may tolerate even severe CMVI for years. 7 - 34 
Nevertheless, because of chronic volume overload and the 
fact that the hypertrophy, while necessary, is a pathologic 
remodeling, myocardial contractility decreases slowly, even in 
clinically compensated dogs, but progressively and inex¬ 
orably. 735 ' 38 Arteriosclerosis may complicate the condition by 
being the cause for multiple small myocardial infarctions, fur¬ 
ther decreases in contractility, and increased risk of congestive 
heart failure or sudden death. 28 - 29 

The left atrium has an important function by allowing the 
regurgitant volume to be absorbed within the atrial cavity, and 
it protects the pulmonary vascular bed from hypertension. 
Increased left atrial pressure results in pulmonary venous 
congestion and edema. The effect of regurgitant volume on 
left atrial pressure and volume and consequently pulmonary 
capillary pressure, depends on the left atrial size, as w r ell as on 
the compliance of the left atrial wall. Consequently, left atrial 
compliance is determined by the rate of increase in regurgitant 
volume, which itself is determined by the rate of progression 
of CMVI, and by remodeling in response to the volume over¬ 
load. Maintained left ventricular compliance allows filling at 
low pressures with the large volume overload of MR, and is 
a result of the remodeling that is inherent in eccentric hyper¬ 
trophy. In cases with slowly progressing CMVI, there is often 
a drastic enlargement of the left atrium, whereas pulmonary 
congestion and pulmonary edema develop late. The edema 
is also delayed by the development of a more effective 
lymphatic drainage of the pulmonary mterstitium in chronic 
pulmonary venous hypertension. 40 The enlarged left atrium 
may induce coughing by compression of the left main stem 
bronchus that lies dorsal to the left atrium. In cases with acutely 
increased MR, as in rupture of a tendinous cord, the left 
atrium is unable to adapt, which results in a rapid elevation of 
left atrial pressure. Pulmonary capillary pressure subsequently 
increases, which leads to pulmonary congestion and edema. 

Advanced cases of CMVI may he complicated by processes 
that are related to increased left atrial size and pressure. 743 
The left atrium may rupture and cause cardiac tamponade; 
right-sided heart failure may develop as a consequence of con¬ 
current tricuspid valve insufficiency and/or pulmonary artery 
hypertension; and tachyarrhythmias may develop as a conse¬ 
quence of ultrastructural changes in the myocardium. These 
complications are discussed later. 
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Clinical Signs 

The progress of CMVI from the detection of a soft heart 
murmur to end-stage is often a matter of years in small dogs. 
Some large dogs appear to be less tolerant to CMVI. In these 
dogs, the disease has a more drastic progression with more 
severe clinical signs than in small dogs. The first clinical signs 
of decompensation are usually mild but may be aggravated 
within days or sometimes weeks. Since these signs are vague 
and not specific for decompensated heart failure, the differentia! 
diagnostic challenge in CMVI is often not if the disease is 
present, but whether or not CMVI is responsible for the clinical 
signs. The signs relate to the presence and degree of one or 
several of the following pathophysiologic events, listed in 
order of their relative importance: (1) elevated left atrial and 
pulmonary venous pressure, which results in respiratory distress 
and cough due to pulmonary edema and main-stem bronchial 
compression; (2) reduced left ventricular or right ventricular 
forward flow, which results in weakness and reduced stamina; 
(3) right-sided heart failure, which results in pleural effusion 
and ascites; (4) acute decompensation with fulminant pul¬ 
monary edema or ventricular fibrillation, wftich causes sudden 


death. 


Mild to moderate CMVI is usually not associated with any 
signs of disease. Most dogs with CMVI are free of clinical signs 
for most of the time they have a murmur, although exercise 
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Figure 201-3 1-CG lead II (upper registration) and phonocardiograms (middle and lower 
registrations) in dogs with different stages of CMVL Recordings were obtained from the following 
dogs: (A) a dog with a systolic click (C) and an intermittent early systolic murmur [M), (B) a dog 
nith an inlerrmittent systolic murmur (M), (C) a dog with a continuous holosystolic murmur (M) t 
(D) a dog in end-stage MR with a loud first heart sound (SI), a dampened second heart sound 
(S2), a systolic murmur (M) and a prominent third heart sound (SBJj (E) a dog with a comparably 
uncommon high intensity musical murmur (M) where the intensity of the murmur does not reflect 
the severity of MR. (A, B, C f and D From Haggstrom J: Chronic valvular disease in Cavalier King 
Charles spaniels—epidemiology, inheritance and pathophysiology, thesis, Swedish University of 
Agricultural Sciences, Uppsala, 1996- E from Kvart C r Haggstrom J: Cardiac auscultation and 
phonocardiography in dogs, horses and cats, Uppsala, 2002.) 
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tachycardia, atrial fibrillation, and ventricular 
contractions may be encountered. 


Most ECG abnormalities associated with CMVI are the 
result of accentuations of the normal ECG. The mean electrical 
axis in the frontal plane often remains within the normal 


premature 

With sinus rhythm the femoral arterial pulse is usually 
normal. Weak pulses may be noted in heart failure. Weak and 

variable pulses with deficits can also be observed with rhythm 
disturbances. If tamponade occurs, owing to a tear in the left 
atrium and pericardial hemorrhage, the femoral pulse will be 
weak. Jugular venous distention may be present in severe heart 
failure, pulmonary hypertension, or pericardial effusion. 

In cases of CMVI without signs of heart failure, the lung 
sounds are expected to be normal Crackles, snaps, and pop¬ 
ping sounds, best heard at end of inspiration, may be detected 
in advanced CMVI with pulmonary interstitial edema. Similar 
findings are common in dogs with small airway disease,^ and 
if concurrent it may be a diagnostic challenge to determine the 
cause of the clinical signs. In more severe cases with alveolar 
edema, the pulmonary sounds are usually more pronounced 
and they may be auscultated even without a stethoscope. 

Mucous membranes are usually normal, even in cases with 
pulmonary edema but may be cyanotic, grayish, or ashen in 
advanced cases of heart failure. Ascites in isolated CMV1 is 
uncommon, but progressed CMV1 often tends to involve the 
right side ol the heart as a consequence of pulmonary hyp 
tension or development of a tachyarrhythmia. In these dogs, 
ascites, hepatic, and splenic enlargement are common. 


ra nge 

throughout the progression of the disease. In cases with signifi¬ 
cant left atrial enlargement, the P-w r ave may be prolonged. 
In cases of significant left ventricular enlargement, the QRS 
complex may be prolonged and the R wave amplitude in lead 
Il increased/ 7 but the former is generally a more reliable criteria 

to detect left ventricular enlargement. 

Supraventricular premature beats are common in CMVI. In 
most cases, this finding is of little hemodynamic significance. 
Atrial fibrillation, paroxysmal supraventricular tachycardia, 
atrioventricular dissociation, ventricular premature beats, and 
ventricular tachycardia are less common. These arrhythmias 
are most often encountered in progressed cases and hence 
often indicate a poor prognosis. 












Radiographic Findings 

The value of radiography is in assessment of the hemodynamic 
consequences of CMVI (global cardiac size and presence of 
pulmomary congestion and edema), ft helps to exclude other 
possible causes for the clinical signs; presence of pulmonary 
congestion and edema is of particular interest in geriatric dogs. 
Two orthogonal projections should be obtained: lateral and 
dorsoventraJ or ventrodorsal Absolute straight positioning is 

essential for accurate evaluation of heart size and shape and 
position of the main bronchi. In dogs with CMVI, important 
structures to evaluate are the left atrium, the left ventricle, the 
malnstem bronchi, the pulmonary vessels, and the lungfield. 
Dogs with a lowr degree of CMVI usually have a normal heart 
size, normal lung fields, and normal vascular markings. 

Left atrial enlargement is one of the earliest and most con¬ 
sistent radiologic features of CMVI. The left atrium and left 
ventricle continue to enlarge with progression of the disease 
Signs of left atrial and left ventricular enlargement in lateral 
projection include dorsal elevation of the caudal portion of 
the trachea and carina; dorsal displacement of the left main- 
stem bronchus; visible prominence of the left atrium causing 
the caudal border of the heart to appear straight or bulge 
dorsocaudally (Figure 201-4). In the dorsoventral (or 
trodorsal) projection, the enlarged left atrial appendage may 


er- 




Electrocardiographic Findings 

Electrocardiographic findings in CMVI vary from normal trac¬ 
ings to marked abnormalities in rate, rhythm, or configuration 
of complexes. With the exception to document and classify 
a certain arrhythmia, the ECG is of limited use in the diagnosis 
or management of CMVI. ECG is an insensitive indicator of 

cardiac enlargement and cannot detect heart failure or pul¬ 
monary edema. 

Sinus arrhythmia is usually preserved during the early 

course of CMVI, In heart failure, sinus tachycardia and a loss 

of sinus arrhythmia are common/ 6 Decompensated heart fail* 

from CMVI should be questioned in a coughing patient 

with sinus arrhythmia* Cats with MR usually maintain sinus 

rhythm, although atrial fibrillation and/or ventricular ectopy 
may develop. 
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Figure 201“4 Radiographs in left lateral projection of a dog with CM VI; (A) The dog was at this 
time asymptomatic, and the radiograph shows a slight left atrial enlargement and normal vascular 

perfusion. B, Radiograph of the same dog 4 years later The dog had developed exercise intolerance 
and persistent cough. Visible are marked left atrial (white arrows) and left ventricular enlargement 
and elevation and slight compression of the left mainstem bronchus, whereas the vascular mark¬ 
ings are within normal limits. C, Six months later the dog had also developed dyspnea and had suf¬ 
fered episodes of syncope. In addition to the findings in previous radiograph (R), there is a more 
obvious compression of the left mainstem bronchus and evidence of pulmonary congestion and 
interstitial edema. (Courtesy Kerstin Hansson, Uppsala, Sweden.) 


be identified as a bulge in the left cranial part of the cardiac 
border [between the 2 and 3 o'clock positions). The border of 
the enlarged left ventricle appears rounded and there may be 
a shift of the cardiac apex to the left or right. In advanced 
cases of decompensated CMVI, pleural effusion, ascites, and 
enlargement of the liver and spleen are commonly identified 
as signs of associated right heart failure. 

During the progression of CMVI, radiographic signs of 
pulmonary congestion and edema usually develop. Pulmonary 
edema and congestion is more likely to be present in a dog 
with significant heart enlargement (indicating advanced 
CMVI) than in a dog with normal or slightly increased heart 
size. However, the degree of cardiac enlargement i 
related to the severity of pulmonary congestion and edema 
(see Pathophysiology), Because many dogs with significant 
CMVI and enlarged hearts have not developed decompensated 
heart failure, therapy should be based primarily on clinical 
signs and the presence of pulmonary edema and congestion, not 
the degree of cardiac enlargement. Pulmonary venous distension. 


when present, is an early indication of pulmonary congestion; the 
diameter of the veins is greater than that of the corresponding 
pulmonary arteries and they often become tortuous (especially 
in cats). However, venous distention is not a consistent finding 
even in dogs with pulmonary edema, and in some dogs, the 
outlining of the distended vein is indistinct as interstitial edema 
partially obscures the pulmonary vessels. With progression, inter¬ 
stitial and alveolar edema develop. In dogs, alveolar edema is 
often first detected in the perihilar region and the dorsal parts of 
the caudal lung lobes, sometimes more prominent on the right 
side, but acute edema may involve the cranial lobes. In cats, the 
location of a cardiogenic pulmonary 7 edema is not as predictable 
as in dogs. It commonly has an ill-defined, patchy appearance. 

Pulmonary* findings may he inconclusive 
graphic changes of pulmonary interstitial edema and bronchial 
pattern resemble the radiographic appearance of chronic airway 
disease. The tendency is to overdiagnose pulmonary edema 
of heart failure, lx is therefore important, if possible, to have 
series of radiographs and evaluate other evidence of left-sided 


since early radio- 
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heart lailurc that should be present by the time pulmonary 
edema has developed, such as venous distention, before diag¬ 
nosis is determined. 


i rre g ul a r M d u b -1 ike" a pp earance 
with greatest thickening at the tip (Figure 201-5, B)/The gross 

pathologic changes of the two leaflets (anterior and posterior) 
are often equally severe at postmortem examination, but the 
degenerative changes commonly appear more prominent 
the anterior leaflet in the right parasternal long axis view on 
the echocardiogram. 

It is important to examine the entire valve as the lesions are 
often quite unevenly distributed. Chordal thickening may be 
identified and systolic displacement (prolapse) of the leaflets 

may be evident (Figure 201-5, C). Valve flail is 
when the edge of a leaflet or, in severe cases, a complete leaflet 
moves into the left atrium in systole.The finding of a valve flail 
leads to the suspicion of chordal rupture, which may occasion¬ 
ally he identified in the left atrium or in the left ventricle, 24 
The left atrium is an important structure to evaluate w r ith 
MR because its size reflects disease severity. The general "rule of 
thumb” is that the larger the left atrium, the greater is the degree 
of MR present, but there are exceptions (sec Pathophvslo 1 ogy), 


Echocardiographk Findings 

Echocardiography is useful for obtaining a diagnosis of CMVl, 
and thereafter to monitor the condition, although it cannot 
diagnose the presence of heart failure. Two-dimensional echocar¬ 
diography allows the ultrasonograph or to evaluate the anatomy 
of the mitral valve and to identify leaflet thickening and leaflet 
protrusion into the left atrium. A systolic bulging of one or 
both leaflets to the atrial side of the mitral annulus is an early 
indication of affected valves and it may be present in dogs 
with or without mitral regurgitation (MR), ^ The presence and 
severity of protrusion of the leaflets may be measured in the 
right parasternal long avis view. 


on 


a valve flail 


or 


16,48 

In cases with insufficient valves, the degree of displacement 
is reported to relate well with the severity of MRdMMB With 
progression, the degenerative changes become more prominent 


Figure 201-5 Echocardiographic right parasternal long-axis views of the left atrium (LA) and left 
ventricle ( LI V) during diastole (A and B) and systole (C), in a normal dog (A), and in the same dog 
with CMVl (B and C)* The mitral valve appears thickened (B) (arrowhead), and there is systolic 
displacement of both leaflets to the atrial side of the mitral annulus (C). Figure D shows the left 
atrium in a right parasternal short axis view at the aortic valve (AO) level of a dog with 
enlarged left atrium. The arrows demonstrate die difference in LA diameter obtained by measuring 
the greatest diameter and the diameter often used in M-mode. Lau, Left auricle. 
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It is rare, even in severe cases of CMVI, to detect incomplete 
closure of the leaflets as means of confirmation of the presence oi 
MR, Instead, the valvular insufficiency may be detected and 
quantified by spectral or color-flow Dopplerd 3 Ideally, the regur¬ 
gitant flow should be aligned with the ultrasound beam and this 
is most often acheived in the left apical four-chamber view. As 
the flow direction depends on the orientation of the regurgitant 
orifice wdiich, in turn depends on die leaflet morphology, other 
views may also give good alignment. Spectral Doppler may be 
us ed to i dentify the re gu rgi tant jet wh en color- D opp ler m a p ping 
is not available. Furthermore, spectral Doppler gives informa¬ 
tion of the velocity of the regurgitant jet and velocity time 
tracings may help in estimating regurgitant volume (see below). 
Typically, dogs with CMVI without myocardial failure have a 
velocity of the regurgitant jet of 5 to 6 m/sec , 54 However, the 
velocity may be increased in individuals with systemic hyper¬ 
tension and decreased in individuals with hypotension, signifi¬ 
cantly increased left atrial pressure or myocardial failure. 

Color-flow echocardiography confirms the presence of a 
regurgitant jet and the size of the jet can be compared with 
the size of the left atrium. This measurement is semiquantita- 
live in dogs and cats. A small jet rules out moderate to severe 
MR, but it is difficult to discriminate between moderate and 

regurgitation from the jet size. Small jets in the vicin¬ 
ity of the mitral valve should not be over interpreted in dogs 
without any other valve abnormality, as trivial regurgitation 
may often be detected in normal dogs. 5 * Recently, it was 
demonstrated that the regurgitant fraction may be quantified 
with use of the proximal isovelocity surface area (PISA) color- 
flow' method in dogs with MR (Figure 201-6).^ 57 In MR, blood 


Although the left atrium may be examined from a right 
parasternal long axis view and a left apical four chamber view, 
the best view is the the right parasternal short axis view with 
the aortic root, the left atrial body and the auricle in view 
(Figure 201-5, D). The most useful information from this 

view is the left atrial size because it can be compared with the 
size of the aortic root, which is relatively constant for a given 
dog size. The normal ratio of the left atria! diameter to the 

aortic root (LA/Ao) in M-mode is reported to he between 
0.8 to 1.2, 49 With the more traditional M-mode method, how- 

the left atrial dimension measured is not the largest that 
be obtained, as it measures the diameter of the left atrial 
appendage or underestimates the diameter of the left atrial 
body. In dogs with MR, the diameter of the left atrial body may 
be considerably greater than that of the left atrial appendage 
(see Figure 201-5, D), 50 r ITie normal range lor 2D La/Ao 
values is reported to be Q.84 to 1.27 in Cavalier King Charles 
spaniels and 0.86 to 1.59 in a mixture of breeds, 50 ^ 51 In the 
authors' experience, a 2D La/Ao greater than 1,5 represents 
an enlarged left atrium in all breeds. This limit is presumably 
low'er in specific breeds. Early cases of CMVI with a small 
degree of MR have no echocardiographic signs of left atrial 
1 argument. With progression of CMVI the left atrial dimen¬ 
sion increases and dogs in congestive heart failure often have 
a left atrial to aortic root ratio of 2 or greater. 52 

Evaluation of left ventricular size and motion is important 
in MR and measurements are often obtained in the M-mode. 
Mild MR usually does not lead to abnormal dimensions. With 

the left ventricular-end-diastolic short axis 






to 




5 








ever. 




can 


en 


severe 


progression 

dimension increases, whereas the end-systolic dimension does 
not increase at the same rate. The left ventricular wall thick¬ 
ness is usually within normal limits. The increased size of the 
left ventricle combined with a normal wall thickness indicates 
that volume overload and eccentric hypertrophy are present. 
An increase in left ventricular end-diastolic dimension in the 
presence of normal or minimally increased left ventricular 
end-systolic dimension is a consequence of increased preload 
and rapid left ventricular emptying into the low-pressure left 
atrium. 7 - 53 In MR, values of ejection phase indices (e.g., left 
ventricular fractional shortening, ejection fraction, and mean 
velocity of circumferential shortening) are often norma] (mild 
MR) or greater than normal (moderate to severe MR}. Therefore 
in the setting of moderate or severe MR, a normal fractional 
shortening represents a significant reduction of myocardial 
contractility. End-systolic volume indices (e.g., left ventricular 
end-systolic short axis dimension or end-systolic volume index] 

tely estimate myocardial contractility in MR. 753 
However, when heart failure is present and the sympathetic 

nervous system is activated to increase apparent contractility, 

these measurements overestimate intrinsic myocardial 

contractility. 

End-systolic dimension may increase in small dogs with 
end-stage CMVI, but increase appears to be more common in 
large dogs that present with heart failure and severe MR but 
with a fractional shortening in the normal range or slightly 
increased. In these dogs, the mitral valve leaflets may or may 
not look as severely affected as in small dogs. Often, they look 
less affected, and it is currently an enigma why these dogs 
present with severe MR and prominent myocardial failure. 
The large dogs with MR and myocardial failure may be con¬ 
fused with DCM, but DCM may be questioned in a dog with 
normal or slightly depressed fractional shortening. It has been 
suggested that these dogs may actually suffer from congenita! 
mitral dysplasia rather than myxomatous degenerationP 4 Mild 
pericardial effusion may be present in dogs with heart failure, 
whereas significant pericardial effusion should raise the suspi¬ 
cion of another disease or of a complication of CMVI such as 
left atrial rupture. Mild pleural effusion may also be evident in 
dogs with heart failure 


more accum 


even 


38 


Figure 201-6 Zoomed color-flow Doppler image ot the mitral 
valve in a left apical 4-chamber view showing the hemictrde of 
the flow convergence on the ventricular side ot the mitral valve. 
The radius of the proximal isovelodty region is measured from the 
ventricular side of the mitral valve leaflets to the edge of the hemi¬ 
sphere [double-sided arrow ). The radius of the hemisphere is used 
to calculate the regurgitant fraction of the total stroke volume. 
There is also evidence of significant regurgitation into the left 
atrium. LV t left ventricular chamber; LA, left atrial chamber 
(From Kittleson MD, Brown WA: Regurgitant fraction measured 
by using the proximal iso velocity surface area in dogs with chronic 
myxomatous mitral valve disease, J Vet Intern Med I 7:84, 2003.) 
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flow converges on the ventricular side of the mitral valve 
orifice before it passes the regurgitant orifice, and this 
characterized on the coIor-DoppIer echocardiogram as a hemi¬ 
sphere, Based on the values of the radius of this hemisphere, 
the aliasing velocity, the maximal velocity of the regurgitant 
jet, and the velocity time integral of the regurgitant flow 
(the latter two are obtained from spectral Doppler 
ments), the regurgitant stroke volume may be calculated. The 
regurgitant fraction is obtained by dividing the regurgitant 
volume with the sum of the forward and regurgitant stroke 
volumes. Although this method has significant advantag 
compared to other methods of measuring regurgitant fraction, 
it has several practical limitations and may not be readily 
applicable in all cases of MR. 

The mitral regurgitant stroke volume may also be estimated 
indirectly using the difference between total stroke volume 
and forward stroke volume into the aorta. The total stroke 
volume may be estimated using M-mode measurements of 
left ventricular size, and the forward stroke volume may be 
estimated by multiplying the aortic cross sectional area with 
the velocity time integral obtained from the spectral Doppl 
tracing of the aortic flow. Alternatively, the total stroke volume 
may be estimated by multiplying the annular cross-sectional 
area of the mitral valve obtained from the two-dimensional 
mode with the velocity time integral obtained from the spec¬ 
tral Doppler tracing of the diastolic How over the %^alve. Both 
these methods involve multiple measurements, each with its 
own errors, which means that they will only provide estimates 
of regurgitant volume. Measurements of regurgitant fraction 
in dogs with moderate to severe MR indicate that they 
eject more than 75% of the total stroke volume into the left 
atrium, which is remarkable. 

At present, none of the Doppler methods (subjective esti¬ 
mation of jet size, spectral Doppler methods, and the PISA 
method) have been shown to be more reliable indicators of 
disease severity than left atrial size in dogs and cats with MR, 
Spectral Doppler may be used to study the transmitral flow 
during diastole. Significant mitral regurgitation is usually 
associated with increased diastolic filling velocities 
' quence of increased diastolic transmitral flow. 58 Furthermore, 

abnormal diastolic ventricular function as a consequence of 
severe volume overload may be detected. It is important to 
time the events when evaluating the transmitral flow to 


stenosis are usually young and have a murmur with maximal 
intensity over the heart base. The exclusion of dilated 
diomyopathy and hypertrophic cardiomyopathy requires 
echocardiographic examination. However, it may not be pos¬ 
sible to discriminate CMVI from DCM in some medium- and 
large-sized dogs, such as Cocker spaniels, which present with 
valvular abnormalities, significant MR, left ventricular and left 
atrial enlargement and a normal to subnormal fractional short¬ 
ening. Measurement of biochemical markers of myocardial 
damage, such as Troponins, may aid in diagnosing myocardial 
infarcts, provided that the myocardial damage was recent and 
significant. 60 

The echocardiographic appearance of 
affected with endocarditis may appear very similar to nodular 
thickening of valve leaflets characteristic for myxomatous 
degeneration. However, lesions of endocarditis may be more 
echogenic and more isolated. The signalment usually helps to 
distinguish between these two diseases. Bacterial endocarditis 

most frequently in large dogs; CMVI is more common 
in small dogs; dogs with bacterial endocarditis often have a 
history of fever, arthritis, systemic disease, a recently developed 
heart murmur, and clinical signs that may indicate throm¬ 
boembolic disease. Dogs with CMVI are usually older, often 
have had a heart murmur for years, and do not have fever 
signs of systemic disease. Bilateral regurgitation is commonly 
encountered, but isolated tricuspid regurgitation does 

In these cases, the heart murmur may radiate to the left side 
of the thorax. 

Although CMVI may readily be diagnosed in a patient 
with clinical signs, the true diagnostic challenge lies in deter¬ 
mining if decompensated heart failure is the underlying 
Most dogs with CMV] are older, small to medium-sized dogs, 
and many of these dogs exercise little* Thus exercise intoler¬ 
ance may be difficult to identify and, if present, difficult 
to attribute to the heart condition as obesity, chronic joint 
disease, and other disease may be present Furthermore, the 
hallmark of left side heart failure, coughing and dyspnea, may 
he caused by several conditions, such as small airway disease, 
tracheal instability, pulmonary fibrosis, neoplasia, he art worm 
disease, and pneumonia. Many of these differential diagnoses 
can be excluded by different clinical tests, particularly radiog¬ 
raphy, but in some cases, the results may be inclusive. In these 
cases, a 48- to 72-hour trial diuretic therapy w r ith repeat radio¬ 
graphs may help to identify the underlying etiology. In addi¬ 
tion, "bedside" assays of natriuretic peptides (ANP and BNP) 
will soon be available to aid in diagnosis of such 
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rate systolic regurgitation from diastolic to avoid a false-positive 
diagnosis of clinically significant mitral regurgitation. Diastolic 
regurgitation is common in cases with bradycardia or arrhyth¬ 
mias and probably indicates small reverse pressure gradients 
during cardiac filling. 


59 


Management 

Ideally, therapy of CMVI would halt the progression of the 
valvular degeneration. Improvement of valvular Function by 
surgical repair or valve replacement would likewise stop fur¬ 
ther deterioration. However, no therapy is currently known to 
inhibit or 


Differential Diagnosis 

The signalment, clinical signs, and physical examination 
findings are often such that they strongly suggest CMVI. 
Although the usual cause for MR is myxomatous degenera¬ 
tion, other causes are noteworthy: dilated and hypertrophic 
cardiomyopathy; widespread arteriosclerosis with myocardial 
infarcts; bacterial endocarditis of the mitral valve; undiscov¬ 
ered congenital heart disease, such as mitral valve dysplasia 
and patent ductus arteriosus (PDA). Early cases of CMVI may 
have an early systolic heart murmur that may be confused 
with slight aortic or pulmonic stenosis 


prevent the valvular degeneration, and surgery is 
usually not technically, economically, or ethically possible in 
canine and feline patients. The management of CMVI is there¬ 
fore concerned with improving quality of life, by amelio¬ 
rating the clinical signs and improving survival. This usually 
means that therapy is tailored for the individual patient, owner, 
and practitioner and often involves concurrent 
with two or more drugs once signs of heart failure are evident. 
Management of CMVI will be discussed in five groups of 
patients: those without overt signs of heart failure (asymp¬ 
tomatic), those with left mainstem bronchial compression, 
those with syncope, those with mild to moderate heart failure, 
those with recurrent heart failure, and those with severe and 
fulminant heart failure. Possible complications are discussed 
separately It is unusual to treat cases of isolated CMVI in cats 

and details of drug dosages for cats are therefore not included 
in this section. 


treatment 


or physiologic flow 
murmur. Often the early or late systolic murmur due to MR is 

accompanied by a systolic click, which is an indicator for early 

myxomatous degeneration and mitral valve prolapse. The 

signalment, point of maximal intensity of the murmur, and 

echocardiography are distinctions between slight MR and 

slight aortic or pulmonic stenosis and physiologic flow 

Furthermore, dogs with slight MR are usually old and the 

has maximal intensity over the mitral area, whereas 

dogs w r ith physiologic flow murmurs or aortic or pulmonic 
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only dogs of one breed (Cavalier King Charles spaniels) whereas 
the VetProof trial included a variety of breeds. The dogs in the 
Vet Proof trial were more frequently progressed cases of CM VI 
than the dogs in the SVEP trial, and the SVEP trial comprised 
more dogs than the VetProof trial (229 versus 139 dogs). 
Suggested reasons for the non “Significant findings in these trials 
include lack of activation of circulating RAAS activity in 
asymptomatic animals, 62 low concentration of angiotensin II 
receptors in the canine mitral valve, 63 or lack of effect of ACE- 
inhibitors on myocardial remodeling and progressive ventric¬ 
ular dilatation in MR. 64 

O wners of dogs with progressed asymptomatic CMV1 should 
be instructed about signs of developing heart failure and, in 
case of breeding, about the fact that the disease is significantly 
influenced by genetic factors.The disease may be monitored at 
regular intervals of 3 to 12 months if significant cardiomegaly 
is present. Milder cases do not warrant frequent monitoring 
(see Significance and Progression), Frequently asked questions 
from owners of dogs w ith asymptomatic CMVI are if exercise 
should be restricted and if dietary measures should be insti¬ 
tuted. At present there is little evidence‘based information 
concerning the effects of exercise or diet on the progression of 
CMVI in dogs. Dogs with mild CMVI do not need any dietary 
or exercise restriction. However, from the pathophysiologic 
standpoint, strenuous exercise or diets with high sodium content 
should be avoided in progressed CMVI as this may promote 
pulmonary edema. Furthermore, it is the authors' experience 
that dogs with advanced asymptomatic CMVI usually tolerate 
comparably long walks at their own pace and do better if obesity 
is avoided. 

Patients udth Left Mainstem Bronchial Compression 
Without Pulmonary Congestion and Edema 
Severe left atrial enlargement may produce coughing even in 
the absence of pulmonary congestion and edema by compres¬ 
sion of the left mainstem bronchi, which may be identified on 
the lateral radiograph. With significant coughing, therapy is aimed 
at suppression of the cough reflex or reduction of the influence 
of the underlying cause for the compression, die left atrial 
enlargement. Cough suppressants such as butorphanol (0.55 
to 1.1 mg/kg q6-12h PO), hydrocodone bitartrate (0.22 mg/kg 
q4-Sh PO), or dextromethorphan (0.5 to 2 mg/kg q6-8h PO) 

may alleviate the coughing in some cases. Dogs with evidence 
of concurrent tracheal instability or chronic small airway dis¬ 
ease may improve with a branch odd a tor, or a brief course of 
glucocorticoids. Different xanthine derivatives, such as amino- 
phylline (8 to 11 mg/kg q6-8h) and theophylline (Theo-Dur 
I sustained duration) 20 mg/kg q!2h PO, Detriphylline 
(Choledyl) (sustained action) 25 to 30 mg/kg q!2h PO), are 
commonly used branch ©dilators, although the efficacy of these 
drugs varies considerably between individuals. Beta 2-receptor 
agonists such as terbutaline and albuterol should be used with 
caution in CMVI dogs, as these drugs may produce unwanted 
elevation in heart rate and contractility as a consequence of 
myocardial beta 2-receptor stimulation, A reduction of left atrial 
size may be obtained either by reduction of the regurgitation 
or by reduction of pulmonary venous pressure. Regurgitation 
can be decreased by reducing aortic impedance with an arterial 
dilator or by contracting blood volume with a diuretic. 

ACE-inhibitors or a direedy acting arterial vasodilator, such 
hydralazine, may reduce systemic arterial resistance,* 5 The 
ACE-inhibitors are substantially weaker arterial vasodilators 
than hydralazine. 65 Side effects of ACE-inhibitors are infre¬ 
quent, but monitoring of renal function and serum electrolytes, 
particularly potassium, may be indicated. 

Hydralazine has been widely used in patients with CMVI at 
an initial dosage of 0.5 mg/kg every 12 hours PO. The dosage 
is increased at daily to w r eekly intervals to an appropriate 
maintenance dose of 1 to 2 mg/kg every 12 hours PO, or until 


Asymptomatic Disease 

The stage w T hen a patient starts to show clinical signs of 
CMVI, that is, have developed decompensated heart failure, is 
the end of a process started much earlier with the onset of 
valve leakage. The valvular leakage was compensated through 
a variety of mechanisms but as the leakage increases the valves 
eventually became incapable of preventing pulmonary capil¬ 
lary pressures from exceeding the threshold for pulmonary 
edema, and of maintaining forward cardiac output. It is likely 
that minor signs of reduced activity and mobility are present 
even before overt signs of heart failure develop. However, it is 
very difficult to objectively evaluate die presence of slight to 
moderately reduced exercise capacity in most dogs with 
CMVI, as they are often old small companion dogs, which if 
obese, have little, if any, demand on their exercise capacity. 
Furthermore, other concurrent diseases in the locomotor system 
or elsewhere are common and restrict exercise. Thus vague 
clinical signs such as slightly reduced exercise capacity in a typi¬ 
cal dog whth progressed CMVI may or may not be attributable 

to CMVI. 

This dilemma leads to the questions of when to start therapy, 
and if therapy before the onset of decompensated heart failure 
is beneficial, ineffective, or harmful. ACE-inhibitors are fre¬ 
quently prescribed to dogs w ith CMVI before the onset on heart 
failure. At present, however, there is no evidence that adminis¬ 
tration of any medication to a patient whth asymptomatic 
CMVI has a preventive effect on development and progres¬ 
sion of clinical signs of heart failure or improves survival. Two 
large placebo-con trolled multicenter trials, the SVEP and the 
VetProof trials, 14 61 have been conducted to study the effect of 
monotherapy of the ACE-inhibitor enalapril on the progres¬ 
sion of clinical signs in asymptomatic CMVI in dogs. Both 
failed to show a significant difference between the placebo 
and the treatment groups in time from onset of therapy to 
confirmed congestive heart failure (Figure 201-7). 1461 The two 
trials differ in the following features: the SVEP trial included 
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Figure 201~7 The SVEP study investigated the effect of enalapril 
on preventing decompensated heart failure in dogs with asymp¬ 
tomatic CMVI. The graph show^s the percentage of dogs included 
in the enalapril and the placebo groups, respectively, versus time. 
The difference in number of days in the study between placebo- 
and enalapril treated dogs was not significant, (From Kvart C et al: 
Efficacy of enalapril for prevention of congestive heart failure in 
dogs with myxomatous valve disease and asymptomatic mitral 

regurgitation, / Vet Intern Med 16:80, 2002.) 
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hypotension develops, detected either by blood pressure 
surements or by clinical signs. Clinical hypotension is defined 
as a mean arterial blood pressure of less than 50 to 60 mm Hg 
or a systolic blood pressure below 90 mm Reflex tachy¬ 
cardia may develop in response to hypotension, and gastroin¬ 
testinal problems are sometimes observed. In tachycardia, 
digoxin may be considered in order to limit the resting heart 
rate As a consequence of hypotension, hydralazine may induce 
fluid retention and thereby is needed in the form of a diuretic. 66 
Patients that receive hydralazine should routinely be moni¬ 
tored, including having the owner check the heart rate at home 
and having renal function assessed periodically Diuretic 
therapy may be considered to decrease the MR by contracting 
the blood volume and thereby the left ventricular size. However, 
diuretics activate the renin-angiotensin-aldosterone system 
(RAAS), 66 and in the long term may cause electrolyte distur¬ 
bances, Accordingly, these drugs are often reserved for patients 
with signs of pulmonary congestion and edema or patients in 
which cough suppressants, glucocortocoids, and vasodilators 
have failed to alleviate clinical signs. 

Patients with Syncopes but Without PuImonary 
Congestion and Edema 

With advancing CMV1 it is not uncommon that episodes of 
syncope develop in otherwise asymptomatic dogs (see Clinical 
Signs), These episodes vary in frequency from isolated to multi¬ 
ple events every day. In dogs with CMVI with syncope, it is 
important to ascertain that the patient is actually fainting and 
not suffering from neurologic or metabolic disease. Furthermore, 
it is important to rule out the presence of congestive heart 
failure or a bradyarrhythmia such as third degree AV-block 
or a tachyarrhythmia such as atrial fibrillation. Although 
tricular tachyarrhythmias do occur in dogs with advanced CMV1, 
supraventricular tachyarrhythmia is far more common. Typically, 
the 24-hour (Holier) ECG shows episodes of a rapid supraven¬ 
tricular rhythm immediately followed by a bradycardia during 
which the dog faints. Management of these dogs often includes 
digoxin to control the supraventricular tachyarrhythmia. In fact, 
the frequency of syncopes may often be controlled at lower 
doses, such as 50%, of digoxin than the recommended dose 
(which is 0 22 mg/m2 ql 2h PO).The place for beta-blockers in 

controlling episodes of fainting in CMVI dogs is not clear. Reports 
indicate positive results of carvedilol in some dogs. 67 However, 
beta-blockers may reduce myocardial performance and 
CMVI dogs do not tolerate this type of therapy. 

Patients with Pulmonary Edema Secondary to CMVI 
Considering the pathophysiology of CMVI, therapy should 
be directed toward (1) reduction of the venous pressures to 
alleviate edema and effusions, (2) maintenance of adequate 
cardiac output to prevent signs of weakness, lethargy and 
prerena] azotemia, (3) reduction of the cardiac workload and 
regurgitation, and (4) protection of the heart from negative long- 
term effects of neurohormones. Cases with mild pulmonary 
edema may be managed on an outpatient basis with regular 
re-examinations. Cases with moderate to severe pulmonary 
edema may need intensive care, including cage-rest and 
sometimes oxygen supplementation. 


before the onset of clinical signs may be helpful for comparison. 
Dogs with mild to moderate heart failure should be treated. 
Treatment can often be managed on an outpatient basis and 
should include a diuretic, such as furosemide, and an ACE- 
inhibitor. The place of digoxin and other positive inotropes 
more controversial for treating dogs with mild to moderate 
heart failure (see below'). The dosage of furosemide should 
preferably be based on clinical signs rather than radiographic 
findings. A patient may breathe with ease even in the presence 
of radiologic signs of interstitial edema, or vice versa. The usual 
course of treatment of a case with mild to moderate heart failure 
is an initial intensive treatment with furosemide (2 to 4 mg/kg 
q8-J2h) for 2 to 3 days, after which the dosage of the diuretic 
is decreased to a maintenance level, such as 1 to 2 mg/kg every 
12 to 48 hours or lower. More severe cases of heart failure may 
require higher dosages. It is important to use an appropriate 
dosage of diuretic to relieve clinical signs but to avoid an unnec¬ 
essarily high maintenance dosage. Overzealous use of diuretics 
may lead to weakness, hypotension, syncope, aggravation of 
prerenal azotemia, and acid-base and electrolyte imbalances. 
Often the owner can be instructed to vary the dosage, within 
a fixed dose range, according to the need of the dog. 

The dosage of ACE-inhibitor (e.g., enalapril, benazepril, 
lisinopril, ramipril, and imidapril) is usually fixed and depends 

on the specific ACE-inhibitor used, ACE-inhibitors 
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mono- 
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cated in advanced CMVI with heart failure in combination 
with diuretics, because dogs in large placebo-controlled clinical 
trials receiving an ACE-inhibitor have been shown to have less 
severe clinical signs of disease, better exercise tolerance, 6070 
and live longer than those not receiving an ACE-inhibitor. 60 70 
In the dose range that is recommended for use in dogs and 
cats, the vasodilating actions of the drugs are not prominent 
and side effects associated with hypotension, such as fainting 
and syncope, are rare. K65,63,7o ^ reason for this may be that 

the short-term effects of ACE-inhibitors on the circulation are 
dependent on the activity of the RAAS prior to administra¬ 
tion of the drug, the higher activity the more pronounced 
effect of the drug. 62 In combination with diuretics, such 
furosemide, the ACE-inhibitors have synergistic effect with 
the diuretic by counteracting the reflectory stimulation of 
RAAS that occurs in diuretic therapy. Thus they decrease the 
tendency for fluid retention and counteract a peripheral vaso¬ 
constriction and other negative effects on the heart. 

Digoxin is controversial in treating dogs with CMVI. There 
is generally a lack of scientific evidence supporting the use of 
digoxin. Many cardiologists, however, initiate digoxin therapy 
when signs of heart failure first appear. Although digoxin is a 
comparably weak positive inotrope and myocardial failure may 
not be a prominent feature of CMVI until progressed stages, 
digoxin has a place in heart failure therapy by reducing reflex 
tachycardia, by normalizing baroreceptor activity and by reduc¬ 
ing central sympathetic activity. 7 * Thus digoxin may be useful 
to reduce the heart rate, such as when hydralazine is adminis¬ 
tered, or in supraventricular tachycardia such as atrial fibrillation, 
and to abolish or limit the frequency of syncope (see above). 

The place for a positive inotrope in the management of 
CMVI is controversial, since in small dogs signs of left-side heart 
failure usually precede overt myocardial failure. Nevertheless, 
the combined calcium sensitizer/FDE III inhibitor pimobendan 
is now approved for veterinary use in dogs with DCM and 
CMVI in many European countries, Canada, and Australia at 
a dose of 0.25 mg/kg every 12 hours PO, Data from controlled 
clinical trials of pimobendan in veterinary patients is available, 
although its efficacy is less documented in CMVI than in 
DCM. Recently, two controlled clinical trials t the PITCH trial 
and a recently completed study from UK) were presented 
I unpublished}, 72 ' 73 The results indicate that dogs with CMVI 
receiving pimobendan 
less severe signs of heart failure and 
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Mild to Moderate Heart Failure 

Patients w r ith mild to moderate heart failure usually present 
with cough, tachypnea, and dyspnea. It is not common for an 
untreated dog In congestive heart failure to present initially 
with isolated significant ascites. Signs of congestive heart failure 
are usually present on thoracic radiographs 
venous congestion and increased pulmonary opacity In 

it may be difficult to appreciate mild edema owing to 
obesity, chest conformation, underinflated lungs, or presence 
of age-related changes. Radiographs from the patient obtained 
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Because the furosemide treatment precedes and is used 
concomitantly with these drugs, the risk of hyperkalemia is 
low, even when they are added to a patient that is currently 
treated with an AC E-inhibitor The risk of inducing p re renal 
azotemia, hypotension, and acid-base and electrolyte imbal¬ 
ances increases with the intensity of the diuretic treatment. 
However, the practitioner usually has to accept some degree 
of these disturbances when treating a patient with heart failure 
and, although common, they seldom result in clinical problems, 
A calcium senzitizer (pimobendan) is often introduced in cases 
with recurrent heart failure, as echocardiographic evidence of 
systolic dysfunction often has developed [see above). 

Seiwe and Life- Threaten ing (Fulminant) Heart Failure 
The causes of acute severe heart failure are often a ruptured 
major tendinous chord, development of atrial fibrillation, 
undertreatment of existing heart failure, or intense physical 
activity, such as chasing birds or cats, in the presence of signifi¬ 
cant CMVI. Patients with severe heart failure have radio- 
graphic evidence of severe interstitial or alveolar edema and 
have significant clinical signs of heart failure at rest. They are 
often severely dyspneic and tachypneic and have respiratory 
rates in the range of 40 to 90. They may cough white or pink 
froth, which is edema fluid These dogs require immediate 
hospitalization and aggressive treatment. However, euthanasia 
should also be considered, if the dog is already on high doses 
of diuretics and other heart failure therapy, owing to the poor 
long-term prognosis. It is important not to stress dogs with 
severe or fulminant heart failure as stress may lead to death. 
Therefore thoracic radiographs and other diagnostic proce¬ 
dures may have to wait until the dog has been stabilized. 

Dogs with significant dyspnea benefit from intravenous 
injections of furosemide at a relatively high dose (4 to 6 mg/kg 
q2-6h IV), The furosemide may be administered intramuscu¬ 
larly should placement of an intravenous catheter not be 
possible. Dogs with fulminant pulmonary edema may require 
Herculean furosemide doses at 6 to 8 mgAg every 2 to 8 hours 
IV over the first 24 hours. The exact dosage of furosemide 
depends not only on severity of clinical signs but also on whether 
or not the dog is already on oral furosemide treatment. Oxygen 
therapy is always beneficial in hypoxemic patients and it can 
preferably be administered using an oxygen cage provided 
that the temperature can be controlled inside the cage. Nasal 
inflation or a facial mask may also be used provided that the 
animal accepts them without struggle. Once the dog has 
received furosemide and oxygen treatment, an arterial vasodila¬ 
tor and a positive inotrope may be considered to stabilize the 

patient. 

Commonly used vasodilating agents are hydralazine per os 
or intravenous nitre prusside (2,0-10 mg/kg/m in.). Of these 
two vasodilators, hydralazine is most commonly used. Owing 
to the severity of heart failure, dogs without previous vasodi¬ 
lating therapy may receive an initial dose of hydralazine of 1 to 
2 mg/kg PO. Titration of the hydralazine dosage as described 
above is indicated in dogs already on an ACE-inhibitor and 
blood pressure should be monitored to detect hypotension, 
Nitroprusside can only be administered as an intravenous 
infusion, which requires an intravenous catheter. This potent 
vasodilator has actions on both the venous and arterial circu¬ 
lation. However, it is not easy to control the effects of nitro- 
pmsside and the dosage has to be titrated under careful 
blood-pressure monitoring to avoid serious hypotension and 
to ensure efficacy. These disadvantages have prevented nitro¬ 
prusside from being a commonly used arterial vasodilator. 

A positive inotrope such as dobutamine, or more commonly 
the calcium-sensitizer pimobendan (0,25 mg/kg ql2h PO), 
may be considered to stabilize the patient with fulminant 
heart failure. Pimobendan may be administered together with 
furosemide without any arterial vasodilator as the drug has 


reach the treatment failure end-point than those receiving 
an ACE-inhibitor and diuretics. Many practitioners using 
pimobendan have experienced a dramatic improvement in 
overall clinical status in some CVMI dogs, even in dogs with¬ 
out overt myocardial failure. The reason for this may be that 
pimobendan, in addition to being a positive inotrope, has arte¬ 
rial vasodilating properties and differs from the pure PDE III 
antagonists (such as milrinone) in that it increases myocardial 
contractility with minimal increase in myocardial energy con¬ 
sumption, Furthermore, positive inotropes may theoretically 
reduce the MR by decreasing the size of the left ventricle and 
the mitral valve annulus through a more complete emptying 
of the left ventricle. However, the increased contractility may 
also theoretically lead to an increased systolic pressure gradient 
across the mitral valve and thereby generate increased regur¬ 
gitation in some cases with high peripheral vascular resistance 
and increase the risk for chordal rupture in affected dogs. 
Therefore some cardiologists initiate pimobendan as adjunct 
therapy to other heart failure treatment in CMVI dogs only 
when echocardiographic evidence of reduced myocardial per¬ 
formance (increased left ventricular end-systolic dimension) is 
evident. Whether or not this treatment strategy is the optimal 
use of calcium sensitizers has not been evaluated. Some cases 
of CM VI with evidence of myocardial failure have evi dence of 
disseminated myocardial micro-infarctions, most commonly 
as a consequence of widespread arteriosclerosis, 28 - 251 Some of 
these patients might benefit from prophylactic antithrombotic 
and anti pi a tel el et therapy, although this has not been evaluated 
in veterinary medicine. 

The w p ay dogs with mild to moderate heart failure are man¬ 
aged after initiation of therapy varies. Typically, the dog is 
re-examined after I to 2 weeks of therapy, if the dog is managed 
on an outpatient basis, to monitor therapeutic outcome and to 
establish a suitable maintenance dosage of diuretic Should the 
treatment response be satisfactory after this visit, dogs may 
often be managed by phone contacts and re-examinations every 
3 to 6 months. More severe cases may require more frequent 
monitoring of the disease. In areas with a seasonal climate it may 
be valuable to re-examine the dog before the temperature 
increases and instruct the owner to avoid high ambient temper¬ 
atures. The use of low-sodium diets as complementary therapy 
in heart failure is controversial. Currently, there are no clinical 
studies to support that they are beneficial in managing heart 
failure in dogs and cats. However, dogs with symptomatic 
CMVI should avoid excessive intake of sodium. Dogs that are 
stable on their heart failure therapy usually tolerate walks at 
their own pace, but strenuous exercise should be avoided. 

Recurrent Heart Failure 

Once an appropriate maintenance dosage of furosemide has 
been set in a CMVI patient with decompensated heart failure, 
the dosage has to be gradually increased, often over weeks or 
years. Reasons for increasing the dosage often include recur¬ 
rent dyspnea caused by pulmonary edema or the development 
of ascites. Severe ascites, which compromises respiration, may 
require abdominocentesis. Many CMVJ cases with less severe 
ascites respond to an increased dose of diuretics. Even in case 
of abdominocentesis, the diuretic dosage should be increased 
as the ascites will re-occur without changed medication after 
evacuation. When the dosage of furosemide has reached a 
level of approximately 4 to 5 mg/kg every 8 to 12 hours, 
sequential blocking o( the nephron should be considered by 
adding another diuretic. The drug of choice is spironolactone 
(I to 3 mg q!2-24h PO! which is an aldosterone antagonist and 
a potassium-sparing diuretic. A thiazide, such as hydrochloro¬ 
thiazide (2 to 4 mg/kg q!2h PO), or triamterene (1 to 2 mg/kg 
q 12h PO) or amiloride (0.1 to 03 mg/kg q24h PO), may also be 
considered. The documentation of triamterene and amiloride 
in veterinary medicine is limited. 
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vasodilating properties itself The dose of any concurrently 
administered arterial vasodilator has to be adjusted, Dobutamine 
is administered as a constant infusion usually in combination 
with nitroprusside. One problem with dobutamine that limits 

its use is that the patient needs to be weaned from IV to oral 
therapy within 1 to 2 days. 

Patients with severe or fulminant heart failure need frequent 
initial monitoring of the respiratory rate because it reflects the 
clinical response to the furosemide treatment. Significantly 
decreased respiratory rate witliin the first hours indicates 
cessful therapy, whereas absence of change indicate that 
furosemide is required at a higher dose or more frequently Once 
the respiratory rate has decreased, the dose of furosemide may 
be reduced according to the status of the animal and clinical 
judgment. Abnormal laboratory findings such as pre-renal 
azotemia, electrolyte imbalances and dehydration 
after high doses of furosemide. Again, these abnormalities 
seldom a clinical problem and the laboratory values often tend 
to shift towards normal with clinical improvement and as the 
dog starts to eat and drink. Dehydration is usually not severe 

even after intensive furosemide treatment and intravenous 
rehydration should be performed slowly and with caution in 
cases where it is needed, as the volume challenge may produce 
pulmonary edema. 

Complications 

Acute Exacerbation of Pulmonary Congestion and 
Edema due to Ruptured Chordae Tendineae 
Ruptured chordae tendineae (RCT) may be suspected in all 
dogs that suffer from CMVI w'ith drastic aggravation of pul¬ 
monary congestion and edema, whereas RCT is a rare finding 
in cats. It is not unusual for the RCT to be a result of extra¬ 
ordinary stress or exercise (e,g., chasing cats or birds}. The 
most important ruptures involve those of first order chordae 
that are attached to the septal leaflet, and these patients 
expected to die rapidly from acute volume overload and 
fulminant pulmonary edema. Ruptures of lesser order chordae 
or perhaps first order chordae that are attached to the free 
wall leaflet may result in minor clinical signs or none at all. 
Significant RCT causes acutely increased MR, and the clinical 
findings may differ from those encountered in chronic MR. 
Due to the acute increase in MR, there may be a marked 
increase in left atrial and pulmonary venous pressures leading 

acute pulmonary edema, pulmonary artery hypertension 
and right heart failure. 343941 

The physical examination of these patients often reveals 
a heart murmur of lower intensity than that of chronic MR, 
an S3 gallop is more likely to be present, and jugular 
distention is more likely to be present with pulsations- The 
radiographic and echocardiographic findings of cardiac size 
vary, depending on how far the CMVI had progressed before 
the onset of RCT. Doppler echocardiography shows 
MR, and a flail segment of the mitral valve leaflet may be 
detected using tw r o-dimensional views. Thoracic radiographs 
show a markedly increased interstitial and alveolar pattern 
with distention of the pulmonary veins. These patients require 
intensive care to stabilize the condition, and thereafter main- 
tainance therapy for CMVI (see under Management section). 
As long as a first order chordae attaching to the septal leaflet 

has not occurred, many of these cases may sustain with the aid 
of appropriate medication. 

Right-Sided Heart Failure due to 

Pulmonary Hypertension 

Many patients w r ith long-standing history of CMVI develop 
right-sided heart failure. It is presumed that this condition 
develops as a consequence of concurrent chronic tricuspid 
insufficiency attributable to myxomatous degeneration, or 
the development pulmonary hypertension, or a combination 


of both. In CMVI, the pulmonary hypertension is believed 
develop secondary to the persistent elevation of the left atrial 
and pulmonary venous 

airway disease may also contribute. Because the right ventricle 
is thinner and more compliant than the left ventricle, it can 
accept relatively large increases in volume but not in pressure, 74 
Even small increases in pulmonary artery pressure cause sharp 
decreases in right ventricular stroke volume. 74 Individuals 
with pulmonary hypertension are sensitive to exercise, with 
signs of weakness or collapse, even at mild exercise. A physi¬ 
cal examination may reveal evidence of right heart failure, 
such as ascites, pleural effusion, hepatic and splenic conges¬ 
tion, and distention of the jugular veins with abnormal pulsa¬ 
tions. The presence and degree of pulmonary hypertension may 

be indirectly quantitated by Doppler echocardiography (see 
later section on TVI). 

Individuals w ith pulmonary hypertension may be difficult 
to manage. The goal of therapy is to eliminate contributing 
factors and restrict even mild exercise. Oxygen supplementa¬ 
tion is indicated in cases of acute collapse, Since persistently 
increased left atrial and pulmonary vein pressures are in large 
part responsible for the condition, therapy should be directed 
as for CMVI with pulmonary congestion {see Management), 
At present, there is no vasodilator available that specifically 
acts on the pulmonary artery, but it appears that hydralazine 
may be one of the better drugs in this aspect. 41 In humans, 
several endothelin-receptor antagonists are either launched or 
in Phase II or III clinical trials for treatment of pulmonary 
hypertension. So far, the experiences with these drugs in dogs 
limited, Bronchodilator therapy may also be indicated, and 
methylxanthines and beta 2-selective agonists may be considered 
in these cases. Aggressive diuretic treatment may be required 
to resolve ascites, if present. 

Acute Exacerbation of Pulmonary Congestion 
due to Tachyarrhythmia 

An enlarged left atrium predisposes to supraventricular prema¬ 
ture beats, atrial fibrillation, and supraventricular tachycardia. 
Ventricular arrhythmias are less common but may 

progressed cases. A tachycardia with a ventricular rate greater 
than 180 bpm is of hemodynamic significance. These patients 
often have a long-standing history of CMVI, with 

of pulmonary edema. In addition to other findings charac¬ 
teristic of CMVI, these cases have a change in cardiac rhythm. 
The goal of therapy is to relieve the pulmonary edema, 
described earlier under management, and to reduce heart 
to an acceptable rate for improving cardiac output, Digoxin is 
the drug of choice in cases w f ith supraventricular tachycardia. 
Should this fail to control bean rate, diltiazem (0.5 to L5 mg/kg 
q 8h PO) ora beta 1 - receptor a ntagonist such as, atenol ol (6 - 2 5 to 

12.5 mg/kg ql2h PO) or metoprolol (0.5 to 1 mg/kg q8-12h 
PO), could be added. It should be noted that some individuals 
with CMVI are highly dependent on sympathetic drive so 
that these drugs may not be well tolerated in the 
mended dose range. Therefore both types of drugs should be 
initiated at the lowest possible dose and then gradually 
increased with careful monitoring. 

Left Atrial Rupture and Cardiac Tamponade 
As a consequence of the left atrial dilatation in CMVI the left 
atrium becomes thin walled and more vulnerable to increases 
in pressure, such as in the case of a ruptured tendinous chord 
or trauma. Endocardial splitting is a frequent postmortem 
finding in dogs with a history of long-standing CMVI. 7 The 
significance of this finding is that it may progress to rupture of 
the left atrium with the sudden development of hemoperi- 
cardium, cardiac tamponade, and sudden death. Most 
with atrial rupture and cardiac tamponade are expected to 
die suddenly There is often a history of trauma, excitement, 
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Physical Examination 

Significant TVI is characterized by a holosystolic murmur 
with varying intensity and with the point of maximal intensity 
over the tricuspid area, and, in some cases, by the presence of 
venous distention and pulsations in the jugular veins- The 
heart sounds may be mu filed by pleural effusion. Abdominal 
distention may be present with ascites, hepatomegaly, or spleno¬ 
megaly. A rapid irregular heart rhythm and femoral artery pulse 
are observed in the presence of tachyarrhythmia, and pulse 
deficits may be detected. A weak femoral artery pulse may be 
found in cases with pulmonary hypertension or left-side heart 
failure. 

Electrocardiographic Findings 

ECG has a low sensitivity in detecting right atrial and right 
ventricular enlargement secondary to primary TVI. 7 In signifi¬ 
cant TVt with pulmonary hypertension, the ECG changes 
may include evidence of right atrial enlargement (tall P wave), 
a right ventricular enlargement pattern, and a right deviation 
of the mean electrical axis 47 However, even in severe cases of 
TVI and pulmonary hypertension secondary to CMVl r these 
signs may not be obvious because of the concurrent changes 
to the left cardiac side. In these cases, the recording may only 
show evidence of left side involvement. 7 - 41 Arrhythmias, such 
as supraventricular premature beats, atrial fibrillation, and 
ventricular premature beats, may be noted. 

Radiographic Findings 

Mild right atrial and ventricular enlargement are usually not 
associated with detectable radiologic signs. Signs of moderate 
to severe right atrial enlargement in lateral projection include 
bulging of the right atrium in the cranio dorsal direction. This 
causes the cranial border of the heart to appear straight rather 
than convex and elevates the trachea as it courses dorsally 
over the right atrium. In addition to elevations of the trachea 
and caudal vena cava, signs of right ventricular enlargement 
include increased sternal contact and rounding of the right 
heart border. In the dorsoventral (or ventrodorsal) projection, 
the enlarged right atrium may be identified as a bulge in the 
right cranial part of the cardiac border (in the 9 to 12 o'clock 
position). The border of the enlarged right ventricle appears 
rounded and, in severe enlargement, it may resemble an inverted 
"D" sign. There is a shift of the cardiac apex to the left. Signs of 
right heart failure may be observed including pleural effusion, 
abdominal effusion, hepatomegaly, and splenomegaly. If 
biventricular failure occurs, the global cardiac size will be 
increased and signs of left heart failure may be present. 

Echocardiogrophk Findings 

Echocardiography is useful to detect increased right atrial and 
right ventricular size and for evaluation of tricuspid valve 
morphology. Thus it is an important tool to rule out differential 
diagnoses, such as an undiscovered congenital heart defect. 
The cchocardiographic appearance of the tricuspid valve with 
myxomatous degeneration is similar in two-di m e ns i on a I mode 
to myxomatous lesions on the mitral valve already described 
(see CMVT Echocardiography section). With the use of color- 
flow Doppler, TVI may be detected and semiquantified. The 
right atrium is, however, not as easily accessible as the left 
atrium owing to the anatomy, and the orientation of TVI jets 
is not consistent. The Doppler echocardiographic findings in 
TVI are similar to those of MR with a few exceptions. Trivial, 
physiologic TVI is common in dogs and this regurgitation is 
usually silent to auscultation. Spectral Doppler may be used 
to estimate right ventricular stroke volume and to identify 
pulmonary hypertension by estimation of right ventricular 
systolic pressure and pulmonary arterial systolic and diastolic 
pressures. 54 The right ventricular pressure is estimated by find¬ 
ing a tricuspid regurgitant jet and measure its peak velocity by 


or physical exercise, preceding the atrial rupture and sudden 
death. For those dogs that survive the initial event, clinical 
signs of cardiac tamponade together with signs of CMV1 can 
be found. Thus acute development of ascites, collapse, or 
marked exercise intolerance are to be expected. The physical 
examination may reveal signs of pericardial effusion (see separate 
chapter) together with evidence of CMVI, Echocardiography 
is often required for definite diagnosis by identifying the pres- 

of significant pericardial effusion, whereas the left atrial 
tear is often difficult to detect. Treatment of atrial rupture with 
hemopericardium and cardiac tamponade is usually futile. 
Immediate pericardiocentesis is indicated, and pericardial 
fluid should be removed to alleviate the tamponade without 
removing so much that further bleeding is stimulated. If the 
bleeding continues after pericardiocentesis, the final option 
is emergency thoracotomy with pericardiectomy and closure 
of the tear, but the prognosis for this procedure is poor to 

grave. 
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TRICUSPID VALVE INSUFFICIENCY 


Since the advent of Doppler echocardiography, tricuspid valve 
insufficiency (TVI) has been recognized as a common inci¬ 
dental finding in dogs and cats, 75 TVI of clinical significance 
most often occurs concomitantly with chronic CMVI as a 
consequence of primary valvular changes, secondary right ven¬ 
tricular enlargement, or both. 7 In these circumstances, the 
degenerative changes of the tricuspid valve apparatus are 
identical to those found in CMVI (see Pathology section). 7 
Other conditions that may affect the tricuspid valve apparatus 
itself include infective endocarditis and, more seldom, chordal 
ru p ture. 

sequence of right ventricular dilatation in all conditions asso¬ 
ciated with an acquired increase in right ventricular pressure. 
These include heartworm disease, pulmonary thromboem¬ 
bolism, pulmonary hypertension secondary to left heart dis¬ 
ease, and idiopathic pulmonary hypertension. In addition, 
secondary TVI occurs in biventricular or right ventricular dilated 
cardiomyopathy and in congenital pulmonic stenosis. TVI occurs 
in cats with cardiomyopathy and hyperthyroidism. 

Consequences (Pathophysiology) 

TVI, in the absence of concurrent obstruction of the pulmonary 
valve or pulmonary artery hypertension, is comparably well 
tolerated, 77 However, because the right ventricle is designed 
to contract against a low-pressure artery, it is vulnerable to 
increases in pressure. It responds poorly to the increased work; 
even relatively small acute increases in pulmonary artery pressure 
cause sharp decreases in right ventricular stroke volume. 
Thus TV! is of significance if pulmonary hypertension is pre¬ 
sent. In addition to the right ventricular dilatation, right atrial 
enlargement develops and adds to the tricuspid annular dilata¬ 
tion and TVI. Enlargement of this chamber may result in atrial 
tachyarrhythmias, such as atrial fibrillation and supraventricu¬ 
lar tachycardia. As a consequence of increased right atrial 
pressure, ascites, pleural effusion (especially in cats), pericardial 
effusion, hepatomegaly, and splenomegaly may develop. 

Clinical Signs 

Isolated TVI does not commonly result in clinical signs of dis¬ 
ease. 741 - 54 Evidence of reduced exercise tolerance, weakness, 
or syncope occur mainly in instances with pulmonary hyper¬ 
tension, such as secondary to CMVI or tachyarrhythmia. It is 
common for these animals to show signs of right heart lailure 
that may include respiratory distress due to pleural effusion; 
abdominal distention due to ascites, hepatomegaly, or spleno¬ 
megaly; or gastrointestinal signs such as diarrhea, vomiting, and 
anorexia. 


Secondary or functional TVI may occur as a con- 
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continuous-wave Doppler TVl jet velocities generally peaks 
at approximately 2.6 m/sec, unless there is elevation of right 
ventricular pressure that forces blood at a higher velocity usu¬ 
ally above 3 m/secT 8 The pressure gradient between the right 
atrium and ventricle may he calculated with use of the peak 
velocity of the regurgitant jet and the modified Bernoulli 
equation. 73 The right ventricular pressure is obtained by adding 
an esti m ate o f t h e ri gh t at ri a I p ress u re to t h e pressu re grad i en t 
over the AV-valve. It has been suggested that appropriate esti¬ 
mates of right atrial pressure is 5 mm Hg in patients without 
right heart failure and 10 to 15 mm Hg in patients with right 
heart failure. M Similarly the peak velocity of a pulmonic valve 
regurgitation and an estimate of right ventricular diastolic 

pressure may be used to predict pulmonary artery diastolic 
pressure 79 

Management 

Because primary TVI is usually relatively benign, patients 
with clinical signs of right-sided heart failure with suspected 
TVI must be thoroughly evaluated for concurrent conditions 
that may mimic or exaggerate TVL Examples of these include 
congenital heart defects, heartworm disease, CMVI, pulmonary 
hypertension, pericardial effusion, restrictive pericarditis, and 
mitral valve stenosis. The signs of right heart failure, that is, 
abdominal and pleural effusions, may be alleviated with 
diuretic treatment and often involves two or more drugs to 
obtain sequential blocking of the nephron (see CMVI under 
Management), but abdominocentesis may be required. If 
tachyarrhythmia is present, successful management depends 
on controlling the increased heart rate or preferably abolishing 
the tachyarrhythmia. 


breed, mainly purebred, middle-aged male dogs are reported 
to be predisposed. 80 The incidence in cats, based on clinical 
experience, is considered to be 7 to 10 times lower than in 
dogs. 82 23 Animals with congenital heart disease have a low 
incidence of IE 413n , but associations have been reported with 
subaortic stenosis 84 and occasionally with PDA, 85 IE has not 
been found to have any association with CMVI in dogs. 

Pathology 

Vegetation associated with by IE mainly affects the left heart 
with the highest incidence involving the 
Involvement of the right heart or mural endocardium is 

Pathologic findings vary and depend on the 
virulence of the infecting organism, the duration of infection, 
and the immunologic response. Intracardiac vegetation consists 
of different layers of fibrin, platelets, bacteria, red and white 
cells, and is often covered by an intact endothelium. Bacteria 
may continue to grow despite antibiotic therapy owning to the 
location deep within the vegetation and a slow metabolic 
(Figure 201-8), 87 Necrosis and destruction of the valve stroma 
or chordae tendineae proceed rapidly in peracute or acute IE, 
which causes valvular insufficiency and cardiac failure. 
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Etiology and Pathogenesis 

Transient or persistent bacteremia is a prerequisite for the 
development of IE, A large number of bacteria have been 
associated with bacteremia 38 (see section cm Blood Culture 
bclow T ) and some are known to cause IE. Sfi - 3B Most bacteria 
require predisposing factors to cause IE, such as depression 
of the im mu nosy st em or endothelial damage, sometimes with 
d e p osi ti ons of pi a te 1 et- fib ri n c omplex es, to adhere to the val ve 
and create IE. 87 I he origin of the bacteremia may be active 
infection localized somewhere within the body. 88 A 

tion of cases with IE has 


pro por¬ 
no clinically detectable source of 
infection* 88 ' 88 Possible routes for bacteria to reach and infect 

by direct contact with the surface 

m or from capillaries within 


SEMILUNAR VALVE INSUFFICIENCY 


With the advent of color flow echocardiography, a low degree 
of aortic and, more commonly, pulmonic valve insufficiency 
are frequently detected, 75 This finding may be of no clinical 
significance but in others it occurs with different types of con¬ 
genital heart disease. Aortic valve insufficiency [AVI) 
most often in dogs as a consequence of subaortic stenosis and 
pulmonic valve insufficiency (PVI) of pulmonic valve steno- 

Acquired AVI of clinical significance, except in associa¬ 
tion with bacterial endocarditis (see Infective Endocarditis), is 
a rare disorder in dogs and cats. PVI is observed in the major- 

cases with pulmonary artery' hypertension, and 
ondary to pulmonary artery dilatation, such as in PDA and 
severe heartworm disease. Isolated PVI as cause of clinical 
signs is extremely rare. Although myxomatous degeneration i 
sometimes evident at postmortem on one or both semilunar 
valves, 7 - 41 ' 54 it is not expected to have caused significant insuf¬ 
ficiency associated with clinical signs. 


the endocardium arc 
endothelium via the bloodstrea 
the valve (vasculitis). 

The consequences of IE depend on several factors: viru¬ 
lence of the infective agent; site of infection; degree of valvu¬ 
lar destruction; influence of vegetation on valvular function; 
production ol exo- or endotoxins; interaction with the 
immunosystem with the formation of immunocomplexes^; 
and development of thromboembolism and metastatic infec¬ 
tions. Cram-negative bacteremia results often in a peracute or 
acute clinical manifestation, whereas gram-positive bacter¬ 
emia typically results in a subacute or chronic condition. The 
vegetation may cause valvular insufficiency or obstruction. 
The destruction of valvular tissue is caused by the action of 
bacteria or the cellular response from the immunologic 
system. Deposition of immunocomplexes in different organs 
may cause glomerulonephritis, myositis, or poly a rth ri tis, 1 *’ Septic 
embolization that produces clinical signs is uncommon but 
$4% of affected dogs had evidence of systemic embolization 
necropsy and glomerulonephritis was reported in 16% of 44 dogs 

with IE. 80 
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INFECTIVE ENDOCARDITIS 


Infective endocarditis (IE) is a life-threatening disorder that 
results from microorganisms that colonize the cardiac endo¬ 
cardium, which commonly causes destruction of valves 
other structures within the heart. Bacteremia is by far the 
most common etiology, with the mitral and aortic valve most 
frequently affected,* 0 Vegetation may cause thromboembolism 
or metastatic infections, w hich involve multiple body organs 
and produce a large variety of clinical signs which makes 
diagnosis difficult. The incidence of infective endocarditis in 
necropsied dogs has been reported to range from 0,06% to 
6.6%, ,] 33 Evaluation of clinical data from university animal 
hospitals points to IE as a comparably rare condition with 
incidences ranging from 0.04% to 0.13%, 82 Medium to large 


Cose History and Clinical Signs 

The diagnosis oflE can easily be overlooked because the case 
history and clinical signs are not specific and there may be 
absence of predisposing factors to raise the suspicion of IE. 
Clinical signs are variable and occur in different combinations. 
Commonly reported signs include lethargy, weakness, fever 
(sometimes recurrent), anorexia, weight loss, GI disturbances, 
and lameness, 30181 Stiffness and pain originating from joints or 
muscles may be caused by immuno media ted responses and 
abdominal pain may be caused by secondary renal or splenic 
infarction, septic embolization, or abscess formation. If the 
condition leads to severe valvular damage, especially of the 
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Figure 201-8 A, Eehocardiographic long axis view from a 3-year-old male boxer. The dog had 
previously been diagnosed with slight aortic stenosis but had recently suffered recurrent episodes 
of fewer and lethargy. An irregular-shaped echogenic mass was attached to the aortic valve (white 
arrowheads). B, A valvular vegetation (arrowheads) localized to the base of the aortic valve leaflet 
was evident at postmortem examination, C, Electron micrograph showing two rod-shaped bacte¬ 
ria (arrowheads) about Ijj in diameter located intracell ularly in a phagocytic cell found within the 

vegetation (original magnification X 35000). (Courtesy L. Jdnsson andT, Nikkile, Upsala, Sweden,) 


Since aortic insufficiency is otherwise uncommon in dogs, the 
finding of a diastolic murmur {Figure 201-9) and bounding 
peripheral pulse should raise the suspicion of IE of the aortic 
valve. Systolic murmurs may be caused by destruction of the 
mitral valve, which results in MR or vegetations that obstruct 
the aortic outflow tract, which leads to stenosis, 30 These 
murmurs are, in contrast to diastolic murmurs, poor indicators 
of IE since they frequently occur in dogs with other condi¬ 
tions, such as CMV1 and aortic stenosis. It should be noted 
that 26% of dogs with IE 

murmurs. 80 Lameness is 
with an incidence of 34% in one study. 31 A range of other 
physical findings may be present, depending on which organs 

affected by circulating i mm u no complexes or septic 
embolization. Possible findings are pain reactions from mus¬ 
cles or abdom en (spl een, i n testines, or kidn eys), cold extremi ti es, 
cyanosis, and skin necrosis from severe embolization and 


aortic valve, signs of cardiac failure and syncope from arrhyth* 

mias may occur. Predisposing factors that in combination 

signs above, should raise the suspicion of 
immunosuppressive drug therapy, such as cortico¬ 
steroids^- 1 ; aortic stenosis 84 ; recent surgery, especially in 

conjunction with trauma to mucosal surfaces in the oral or 
genital tract and infections in these body regions, especially 
prostatitis; indwelling catheters, infected w’ounds, abscesses, or 
pyoderma. 38 

Physical Examination 

Most clinical signs lack specificity for IE. However, fever, heart 
murmur (particularly if newly developed), and lameness are 
considered classical signs. Fever is reported to occur in 80% to 
90% in dogs with IE. H0 Absence of fever is reported to be more 
common m cases with aortic valve involvement 88 but may also 
be attributed to treatment with antibiotics or corticosteroids. 




reported to lack audible 
an inconsistent finding in IE 
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motivated as commensals, such as Qapnocytophaga canimorsus, 
in the saliva of dogs and cats have been reported to occasion¬ 
ally cause septicemia with a mortality as high as 30%. 9596 
Negative blood cultures are fairly common and may be due to 
antibiotic therapy chronic situations with "incapsulated 1 ' infec¬ 
tions, noninfective IE (only platelets and fibrin in vegetation), 
or failure to grow organisms from samples. Some bacteria may 
grow slowly and samples should not be regarded as definitely 
negative until they have been incubated for 10 days. More 
common is a rapid growth of microorganisms with 90% of 
cultures positive within 72 hours of incubation. 97 

Obtaining Blood Cultures 

The referral laboratory should be contacted concerning the 
preferred type of preprepared vials before obtaining a sample; 
special additives are available if the patient has been on anti¬ 
biotics. Pediatric vials are useful because less blood is required 
but volumes in the range of 20 to 30 mL increase the chance 
for growth* To avoid contamination, strictly aseptic sampling 
should be observed which includes thorough shaving and 
disinfection of the sampling site and strict use of sterile gloves. 
Three samples with adequately filled vials from different punc¬ 
ture sites should be collected. If samples are collected with a 
syringe, suction should cease before withdrawal of the needle 
from the patient to avoid contamination w r ith skin bacteria 
and a new sterile needle should be used for the transfer of 
blood into the bottles. The bottles should be prewarmed to 
37° C and, after sampling, incubated at the same temperature. 
Sampling through indwelling catheters should be avoided but 
may be used as a second choice. The former recommendation 
to draw samples over 24-hour periods has changed, since 
multiple simultaneously drawn samples in humans have been 
shown to be equally sensitive. 87 

Electrocardiographic Findings 

Arrhythmia is reported to occur in 50% to 75% of dogs with 

Ventricular premature beats and tachyarrhythmias are 
the most commonly encountered arrhythmias, but they 
usually not life threatening. Deviation in the ST-segment 
suggests myocardial hypoxia and may indicate coronary artery 
embolism or ischemia from heart failure* Evidence of chamber 
enlargement may occur in chronic IE. All the mentioned ECG 
abnormalities are, however, nonspecific. 

Radiographic Findings 

Radiography often does not add any information specific for IE. 
In cases of chronic IE with aortic or mitral insufficiency, left¬ 
sided cardiac enlargement may be detected. Calcified deposits 
on the valve leaflets are occasionally observed in chronic cases. 

Echocardiogmphic Findings 

Echocardiography has significantly improved the possibility of 
diagnosis and monitoring of animals with IE, 88 Valvular vegeta¬ 
tions may be detected using two-dimensional echocardiography, 
although minor lesions may be difficult to distinguish from 
myxomatous lesions. M-mode can be used to me astir e secondary 
changes in cardiac size and to detect abnormal mitral valve 
motion such as fluttering from aortic regurgitation. Mitral 
aortic regurgitation may be detected using continous or color- 
flow Doppler echocardiography. 

Other Laboratory Findings 

Mild anemia is found in 50% to 60% of cases with IE. 80 - 86 The 
anemia is similar to those from other infections, usually being 
normocytic and normochromic. Leukocytosis is found in about 
80% of dogs with IE, usually due to neutrophilia and monocy¬ 
tosis (left shift). Other findings that may be encountered include 

urea nitrogen (BUN) due to embolization, 
metastatic infection, heart failure, or immune-mediated disease* 
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Diastolic murmur 


Figure 201-9 Phonocardiogram (PCG) and ECG lead II 

recorded from a dog with a diastolic murmur from aortic 
gitation caused by IE, A systolic murmur from mitral regurgita¬ 
tion is also present (thick arrows), which in combination with the 
diastolic murmur from aortic regurgitation causes the ausculta¬ 
tory finding of a continuous murmur easily be misinterpreted to 
he caused by PDA. The PCG rules out the diagnosis of PDA 
the lowest murmur intensity recorded is around the second heart 
sound (S2), Continous murmurs caused by PDA usually has max¬ 
imal intensity at the location for S2. 44 The PCG is filtered with a 

nominal frequency of 100 Hz, Si, First heart sound; $2, second 
heart sound. 
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a variety of neurologic disturbances if the central 
system is affected. 

Blood Culture 

Positive blood cultures are crucial evidence of IE. The theory 
that bacteremia from IE is intermittent has changed in recent 
years to the opinion that, if existent, it is continuous. 87 Thus 
negative or intermittent positive cultures are unusual when 
collection and handling of samples is conducted properly. 87 The 
time for sampling is probably not critical, but a constant finding 
through repeat samplings is valuable to exclude sample con¬ 
tamination. The technique for obtaining samples aseptically and 
anaerobically is important and described in detail below. In 
cases of positive blood culture, it is important to evaluate if the 
microorganism is consistent with the diagnosis of IE. 

Microorganisms known to cause IE in dogs are, in order of 
reported incidence, Staphylococcus aureus, E. coli, beta hemolytic 
streptococci, Pseudomonas aeroginnsa, Conmehacterium spp., 
Erysipelothrbc rhusiopathiae (tonsillarium and Bartonella 
tnnsonii. 92 B, vinsonii and related proteobacteria has recently 
been recognized as a potential cause for endocarditis in dogs. 
They have been found in dogs wuth cardiac arrhythmias, endo¬ 
carditis, or myocarditis. 93 Bartonella spp. are also a potential 
cause for IE in cats. 94 Furthermore, Bartonella spp, have been 
reported to occasionally cause IE in immunocompromised 
(but also immunocompetent) humans, with the cat serving 
the major reservoir (cat scratch disease). The recommended 
antibiotic therapy w r hen the resistance is unknown is erythro¬ 
mycin or doxycycline. Immediate antibiotic therapy of 
humans after significant dog or cat bites may furthermore be 
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Urine analysis may reveal pyuria, bacteriuria, or proteinuria. 
Elevated serum alkaline phosphatase may be found, probably 
caused by circulating endotoxins 88 and reduced hepatic 
function, which may cause hypoalbuminemia. 81 The serum 
glucose concentration may be decreased and serologic tests 
for immu no-me dialed disease, such as Coombs test, may be 
positive. 

Diagnosis 

Since the clinical signs of IE are often a result of complica¬ 
tions, rather than reflecting the intracardiac infection, the 
diagnosis may easily be overlooked. Major criteria for IE are 
positive blood cultures with typical microorganisms for fE 
from two separate samples plus evidence of cardiac involve¬ 
ment, 87 The localization and severity of cardiac lesions is 
confirmed by echocardiographic visualization of vegetations. 
In the absence of positive cultures, a tentative diagnosis of IE 
can be made if there is clinical and laboratory evidence of sys¬ 
temic infection, such as fever and leukocytosis plus cardiac 
involvement and possibly signs of embolization. 

Management 

The goal of therapy is to eradicate the infective microorganism 
and to treat all secondary complications. A successful outcome 
of the therapy is based on early diagnosis and immediate and 
aggressive treatment. Only bactericidal antibiotics capable of 
penetrating fibrin should be considered. The antibiotic con¬ 
centration in serum and deep within vegetations should exceed 
the organisms minimal inhibitory concentration (MIC), but 
preferably also the minimum bactericidal concentration (MBC), 
continuously or throughout most of the interval between doses. 
Treatment should continue for at least 6 weeks to eradicate 
dormant microorganisms. 

Management of Cases with Tentative Diagnosis of IE 
A blood culture (see section above) and an antibiotic sensiti¬ 
vity profile should be obtained. While results from cultures 
and sensitivity tests are awaited, intravenous treatment 
with a high dosage of bactericidal antibiotic IV, such as 
cephalosporins (second generation), should be initiated. 
Alternatives to cephalosporins are combinations of ampicillin 
or amoxicillin for gram-positive organisms and gentamicin 
or amikacin for gram-negative organisms. An alternative to 
gentamicin and amikacin, which are potentially toxic and only 
recommended to be used for at most one week, is enrofloxacin 

for suspected gram-negative IE. Enrofloxacin is bactericidal 
and may penetrate myocardium and heart valves and is also 
indicated for treating Bartonella infections. Choice of anti¬ 
biotic should preferably depend on the suspected source of 


infection and the estimated resistance pattern for the primary 
infection. Practitioners should try to identify the source of infec¬ 
tion and treat it as aggressively as possible, such as use of sur¬ 
gical drainage or debridement, 98 Possible secondary problems 
should be identified, such as heart or renal failure that need 
therapy or may impair the prognosis. 

For dogs with heart failure from aortic regurgitation, 
hydralazine titered to an adequate reduction of arterial blood 
pressure is effective and should be considered as a part of 
medical therapy. When results are available from blood 
cultures, appropriate antibiotics are selected and aggressive IV 
treatment continued for 5 to 10 days while renal function is 
monitored. If results from cultures are negative, the decision 
to continue antibiotic therapy should be based on clinical 
improvement. Depending on the early outcome of therapy, 
subcutaneous administration may substitute a 5 to 10 days IV 
treatment, and later be superseded by oral preparations. The 
duration of therapy should be at least 6 weeks on the effective 
antibiotic. Frequent clinical examinations, blood screening, 
and urine analyses should be performed during that period. 

Prognosis 

Factors that indicate a poor prognosis include late diagnosis 
and late start of therapy; vegetations on valves (especially the 
aortic) 8 **; gram-negative infections, heart or renal failure that 
do not respond to therapy; septic embolization or metastatic 
infection; elevation of serum alkaline phosphatase and hypo¬ 
albuminemia (70% mortality is reported if this is found in 
cases with IE) 8 *; concurrent treatment with corticosteroids, 
regardless if antibiotics are given simultaneously 809 treatment 
with bacteriostatic antibiotics or premature termination of anti¬ 
biotic therapy. Factors that indicate a more favorable prognosis 
include only mi tral valve involvement (47% of dogs are reported 
to survive) 80 ; gram-positive infections, origin of infection 
being the skin, abscesses, cellulitis, or wound infections. 88 

Prevention 

Prophylactic antibiotics may be indicated 1 to 2 hours before 
and 12 to 24 hours after diagnostic or surgical procedures 
when turbulent blood flow is suspected to have damaged the 
endocardium, such as aortic stenosis, PDA, or VSD. In these 
cases, early treatment of all manifest infections is important to 
avoid bacteremia and reduce the risk for IE, and caution 
should be observed when bleeding or infection is anticipated 
or evident in the oral, urogenital, intestinal, or respiratory* 
tract. Amoxicillin may be the first choice, but other antibio¬ 
tics, such as clindamycin or cephalosporins, may also be con¬ 
sidered depending on the organ system involved and site of 
infection. 87 
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CHAPTER 


Electrocardiography and Cardiac Arrhythmias 


Etienne C6te 
Stephen J. Etiinger 


he diagnostic test of choice for clinical evaluation of 
cardiac arrhythmias is the electrocardiogram (ECG), 
The ECG also has invaluable applications in monitoring 
patients with systemic abnormalities, including electrolyte 
disturbances and hypoxia. Additionally abnormalities in the 
dimensions of various components of the ECG may 
a rough guide for evaluating structural heart disease. These 
ECG morphologic criteria are rarely based on controlled stud¬ 
ies identifying specificity and sensitivity, however, and ECG 
parameters for dogs or cats by breed, body type, age, and 
are not comprehensively established. An abnormal heart may 
have a normal ECG and vice versa. Therefore the ECG f like 
a blood count, is not an absolute indicator of normalcy 

and deviations from normal suggest but do not identify 

structural cardiac abnormalities (Boxes 202-1 and 202-2). 


electrical events follows specific anatomic pathways within 
the heart, and in health, does so precisely and consistently 
(Fi gu re 202-1). 

Initiation of the normal heartbeat occurs in the sinoatrial 
(SA) node, located in the dorsolateral right atrium (RA), and 
spreads through both atria, forming the P wave 
(Figure 202-2). Specifically part of the electrical spread from the 
SA node travels along three sets of specialized fibers in the atria, 
the internod a I pathways, 7 which converge on the atrioventricular 
(AV) node in the floor of the RA, Thus the outward 
ment of electrical activity from the SA node both activates the 
muscular contraction of the atria and carries a sequence of 
electrical impulses to be transmitted to the ventricles. 

At the level of the AV node, the electrical impulse depo¬ 
larizing the heart is purposefully delayed, allowing the atria to 
finish contracting. The period of relative electrical quiescence 
during which the impulse slowly passes through the AV node 
is reflected on the ECG as a flat segment between the P wave 
and QRS complex. In addition to transmitting impulses from 
the atria to the ventricles, the healthy AV node acts as a gate¬ 
keeper, blocking unwanted atrial impulses from crossing to 
and activating the ventricles, such as when these impulses are 
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CARDIAC CONDUCTION SYSTEM 

AND ELECTROCARDIOGRAPHY 


Each component of an ECG tracing reflects an electrical event 
occurring in a specific part of the heart A 2 - 5 * 6 The sequence of 


* Box 

Criteria for the Normal Canine Electrocardiogram (ECG) * (Note: Patient in right lateral recumbency; no ECG filteringt) 


202-1 


Heart rate: 70 to 160 beats per minute (bpm) in adult dogs; 60 to 140 bpm in giant breeds; up to 180 bpm in toy breeds; 
up to 220 bpm in puppies 

Heart rhythm: normal sinus rhythm (N5R); respiratory sinus arrhythmia (RSA); wandering SA pacemaker 

(cyclic changes in the R-R interval can be associated with cyclic alterations in P-wave amplitude) 

P wave: up to 0.4 mV in amplitude; up to 0.04 
positive or isoelectric in lead 1 

P-R interval: 0*06 to 0.13 sec (inversely related to heart rate) 

QRS complex: ^positive in leads II and aVF r negative in lead V 10 ; mean electrical axis (MEA), frontal plane: + 40' 
to+100' 


com m on 


duration (O.OS sec in large breeds): positive in leads II and aVF; 


Amplitude: maximum R wave 2.5 to 3 + Q mV in leads II, III, and aVF (dogs > 2 years of age); R in rV 2 or V 10 < 3 mV; 
V 2 and V 4 < 5.0 mV; minimum amplitude R wave leads II, III, and aVF is 0.5 mV; duration: up to 0.05 
in large breeds) S in V 4 not deeper than 0.7 mV; QRS negative in V 10 

; varies with heart rate 


QT segment: 0.15 to 0,25 

S-T segment and T wave: ST segment free of marked coving (repolarization changes); S-T segment depression not > 0.2 mV 

In limb leads and not > 0.25 mV in chest leads; ST segment elevation not > 0.15 mV in leads II and III; T wave positive in 

lead VifrVJ and negative in V 10 (except in the Chihuahua); T wove amplitude not > 25% of amplitude of the R wave; 

T waves may be positive, negative, or biphasre 


’Represents commonly encountered values for dogs and cats. The ECG is extremely variable; serial ECGs are recommended. Measurements 
outside these ranges suggest but do not identify cardiac disease. Values from references l, 2, 5, and personal experience. 

)Dvir E, Lobetti R; Effect of electrocardiographic filters on the R-amplitude of canine electrocardiograms. Vet Rec 150:171-176, 2002. 
4 Detweiler DK:The dog electrocardiogram: a critical review. In MacFarlane PW r Veitch Lawrie TD (eds): Comprehensive Electrocardiology: 
Theory and Practice in Health and Disease. Oxford, UK, Pergamon Press, 1989, pp 1267-1329; Hurst JW: Naming of the waves in the ECG, 
with a brief account of their genesis. Circulation 98:1937-1942, 1998. 
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Box 

Criteria for the Normal Feline Electrocardiogram (ECG)* (Note: Patient in right lateral recumbency; no ECC filteringt) 

Heart rate: up to 240 beats per minute (bpm) (usually 140-180 bpm) 

Heart rhythm: normal sinus rhythm (NSR) or physiologic sinus tachycardia (STach) 

P wave: positive and up to 0.2 mV in leads I! and aVF; may be positive or isoelectric in lead !; should not exceed 0.04 sec 
(rate dependent) in duration 

P-R interval: 0.04 to 0.09 sec duration (inversely related to heart rate) 

QRS complex: Imore variable than in the canine; the mean electrical axis (MEA) in the frontal plane is often irrelevant 
and may be isoelectric in all frontal plane limb leads; MEA most commonly from Q*to +160*(frontal plane); amplitude of 
the R wave is usually low; maximum is 0*9 mV; duration: under 0.04 

Q-T segment 0.12-0.18 sec duration; varies inversely with heart rate 

S-T segment and T wave: S-T segment and T wave should be small and free of repolarization changes, marked depression, 
or elevation; T waves usually positive, occasionally negative or biphasic; up to 0.3 mV height 

Precordtal leads: few established rules exist for the V leads in cats: R in V 4 should not exceed 1.0 mV 


202-2 


■* 






s 












Represents commonly encountered numbers for dogs and cats. The ECG is extremely variable; serial ECGs are recommended. 
Measurements outside these ranges suggest but do not identify cardiac disease. Values from references 3, 5, 10, 14, and personal experience. 
Schrope DP et at: Effects of electrocardiograph frequency filters 

56:1534-1540, 1995. 
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i -QRS-T amplitudes of the feline electrocardiogram. Am J Vet Res 


on 


premature or excessive (e.g,, atrial fibrillation [AFib]). In 
norma! individuals, the uni directionally conducting fibers of 
the AV node-His bundle complex make up the only electrical 
connection between the atria and the ventricles. 

Having crossed through the AV node, the electrical impulse 
of a normal heartbeat travels rapidly and uniformly through 
the ventricles via the His-Furkinje system.® This network of 
conductive fibers ensures that the impulse is carried quickly 
and distributed uniformly, such that the ventricles depolarize 
in a synchronized fashion. The fibers begin as a thick shaft, the 
F/is bundle, that accepts transmission from the AV node and 
crosses through the endocardial cushion to the ventricles. The 
His bundle quickly divides into right and left bundle branches 
(RBB and LBB), directed to their respective ventricles, and the 
left bundle in turn divides into left anterior, left posterior, and 
septal fascicles. The clinical relevance of this division relates to 
interruptions of electrical conduction through these bundles, 
which.can occur under various pathologic, and occasionally 
normal, conditions (see Bundle Branch Blocks, following). 
Overall, depolarization ol the ventricles is apparent on the ECG 
as the QRS complex . When the ventricles have completely 
finished depolarizing, a sequence of repolarization returns the 
myocardial cells to their resting state. This repolarization 


sequence, which follows in the wake of the depolarization 
sequence, is seen as the T wave on the ECG. 


CLINICAL USE OF ELECTROCARDIOGRAPHIC 
LEADS AND MEAN ELECTRICAL AXIS 


m 


Electrocardiographic Leads 

In practical terms, an ECG lead is nothing more than one per¬ 
spective on the electrical activity of the heart. That is, different 
leads offer different vantage points on the same electrical events 
that take place during a heartbeat. 9 Therefore an ECG showing 
multiple leads can be thought of 
observers reporting the electrical activity of the heart from 
different positions (Figures 202-3 to 202-5). 

Having multiple observation points (multiple leads) is 
important because all cardiac electrical events are not always 


as an ECG with multiple 
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Figure 202-1 A heartbeat on the electrocardiogram (ECG). 
Correlation with electrical activity in anatomic regions of the heart. 
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Figure 202-2 Electrocardiogram (ECG I dimensions and 

nomenclature for a normal heartbeat. 















































































































































































































































































































SECTION Xt * Cardiovascular System 


1042 


r \ 


+ 3 VR 


+aVL 


+ aVF 


Figure 202*3 The positive pole of an electrocardiogram (ECG) 

lead as observer. The overall thrust of electrical energy for one 

beat of the ventricles is oriented caudally and slightly leftward 

(ke., direcdy toward the positive pole of lead II [eye]) in the normal 

dog. Therefore a large, positive QRS complex is registered in 
that lead. 


Figure 202-5 Typical appearance of QRS complexes in the six 

limb leads when the mean electrical axis (MEA) is in the normal 
range for dogs (here: +60 degrees). The reader should note that 
the overall size and polarity of each QRS reflects the amount and 
direction of electrical energy detected by the positive pole 
(observer) of each lead. This is the basic principle that allows the 
clinician to understand the overall direction of electrical thrust 
(MEA) based on observing QRS complexes in all leads of a 
patient's electrocardiogram (ECG). 3 


apparent in all leads. Indeed, important information about the 
heartbeat is often visible in some ECG leads but not in others. 
This is because any ECG lead is characterized by the ability to 

sense only electrical activity traveling toward or away from it. 
The drawback of this characteristic is that electrical activity 
coursing through a three-dimensional structure like the heart 
often occurs in a direction that is neither toward 


from a particular lead and therefore is perceived partially, or 
suboptim ally, in any one lead alone* At an extreme, electrical 
activity that occurs exactly perpendicular to a lead (i*e., the 
electrical activity moves in a direction that is in no way toward 
or away from the lead) registers nothing (isoelectric ECG) for 
that lead, regardless of how normal 
activity. 

Electrical activity that travels directly toward the positive 
pole of a lead creates a strong positive deflection (wave) above 

the baseline on the ECG for that lead (see Figure 202-3). 

Similarly, electrical activity that travels directly away from the 
positive pole of a lead registers a strong negative ECG wave, 
below the baseline (see Figure 202-4), Intermediate orientations 
of electrical activity create waves that are of intermediate degrees 
of positivity or negativity, depending on the magnitude of the 
positive or negative component of the electrical activity that is 
detectable on that lead. For example, an impulse traveling almost 
directly toward the positive pole of a lead will create a large 
positive wave (see Figure 202-5, lead aVF) but not quite as tall 
as when the energy is traveling fully toward the positive pole 
of the lead (see Figure 202-5, lead II)* All leads register the 
amount of positivity or negativity generated by that impulse 
relative to their positive pole and record a wave in proportion 
to that. The lead that is almost 90 degrees away from the 
direction of the electrical activity will record little to 
ity (i.e., almost isoelectric line; see Figure 202-5, lead [aVL]}, 
and the positive pole of the lead that is closest to 180 degrees 
away from the direction of electrical activity will register a 

very large, negative complex (see Figure 202-5, lead [aVR]). 

Therefore it can be seen that using multiple leads for an ECG 
has two major advantages (Figure 202-6). First, the leads directly 
and proportionally perceive the amount of energy (he*, number 
of cells depolarizing, the smoothness of conduction) involved 
in depolarization* Thus left ventricular (LV) hypertrophy may 
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Figure 202-4 Same normal heart as in Figure 202-3. The 

observer at the positive pole of lead aVR registers an overall thrust 
of electrical energy directed away from it. Therefore lead aVR dis¬ 
plays a large (deep) negative QRS complex* 
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The sum total of electrical energy for all the depolarizations 
in one beat of the ventricles represents the final tally of indi¬ 
vidual depolarizations, with impulses headed in the same 
direction adding to each other and impulses headed away 
from each other canceling each other out. Therefore in a 
normal heart, the sum total of electrical energy expended for 
one beat of the ventricles has an overall thrust that is leftward 
[because the left ventricle [LV] is larger than the right) and 
caudal [because more energy is directed toward the apex of 
the heart during initial activation than travels back toward the 
base at the end of ventricular activation). This sum total, or 
overall thrust, of electrical energy, is also called the mean elec¬ 
trical axis (MEA) (see Figures 202-3 to 202-6). 

The direction and thrust of electrical energy (MEA) is 
characteristic for an individual and, barring an intermittent 
intraventricular conduction abnormality, is constant from beat 

to beat on an ECG tracing. In normal individuals, the MEA, as 
just mentioned, points leftward and caudally because that is 
the overall direction in which the normal ventricles point (see 
Figure 202-5). However, the sum total of electrical energy for 
one beat of the ventricles (the MEA) may change if the heart 
changes in shape. For example, if a patient's RV becomes 
pathologically enlarged to a sufficient degree, the bulk of elec¬ 
trical energy for ventricular depolarization may be directed 
move towards the right instead of the left. This is called a rigfif 
axis shift or right-axis deviation. In such a case an ECG with mul¬ 
tiple leads in a clinical patient could show QRS complexes that 
were more positive than usual in the right-sided lead (aVR) and 
QRS complexes that were more negative than usual in the left- 
sided leads (aVL, I, and II) (Figures 202-7 and 202-8), This 
simple ECG finding would increase the suspicion of disorders 
that cause RV enlargement. As a second example, conduction 
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Figure 202-6 Location and names of electrocardiogram (ECG 
hmb leads in the standard hexaxial system (frontal plane). 


be suspected when QRS complexes are abnormally tall in 
lead II, for example, because the amount of energy transmitted 
in the normal direction (toward the LV) is greater due to the 
increased myocardial mass. Right ventricular (RV) hypertro¬ 
phy can be suspected when the bulk of ventricular electrical 
activity is directed abnormally toward the right heart (see dis¬ 
cussion of right axis deviation, following). Second, having 
multiple leads solves the problem of any single lead's "blind¬ 
ness" to perpendicularity. Posting numerous observers at regu¬ 
lar stations around the heart (i.e., having multiple leads) 
ensures that some leads inevitably will perceive the heart's 
electrical energy better than others and therefore will show 
larger, more easily interpreted waves and complexes (see 
Figure 202-5). Therefore on any ECG that shows multiple 
leads, the clinician will usually find it easiest to interpret 
the rhythm by first scanning the different leads to see which 
ones offer the dearest (i,e„ largest and with the least artifact) 
P waves, QRS complexes, and T waves. 

It is worth noting that by convention the diagram that 
shows the position of the 6 standard ECG limb leads is visu¬ 
alized in a ventral-dorsal orientation—or seen from above 
when the patient is in dorsal recumbency (see Figu 
Each lead is named according to the location of its positive 
pole. The points around the circumference of the map, unfor¬ 
tunately, are named in a confusing manner. The change from 
+ 180 degrees to -180 degrees at the 9 o'clock position is a 
meaningless designation that has no implication regarding the 
positivity or negativity of the electrical energy or leads in the 
upper (cranial) half of the circle, and a much less confusing 
approach would have been simply to continue numbering the 

points from +180 degrees to +359 degrees. A more detailed 
description of this basic series of concepts may be found in 
most comprehensive books on electrocardiography 2 4 10 

Mean Electrical Axis 

As the ventricles depolarize, the sequential activation of the 
cardiomyocytes creates an overall direction or thrust of elec¬ 
trical activity in the ventricles. This electrical activity is best 
detected by an ECG lead most closely oriented with the 
direction of the electrical activity, as described previously 


+ aVR 


+SVL 


re 202-6), 


Figure 202-7 In this heart, marked right ventricular (RV) 

hypertrophy is present. The greater myocardial mass directs the 
overall thrust of ventricular activity rightward. This physiologic 
phenomenon is revealed on a standard electrocardiogram (ECG): 
the positive pole of a lead aVR registers more electrical energy 
directed toward it, and its QRS complex is markedly more posi¬ 
tive than normal, whereas leads aVL, I, II, and aVF are more neg¬ 
ative than normal because the thrust of energy travels av^ay from 
them. These findings represent a right-axis deviation. 
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then the lead 90 degrees to it must be the lead with the most 
electrical activity. The MEA is therefore the positive pole of 
the lead perpendicular to the isoelectric lead, in the direction 
that corresponds to positive QRS complexes. Finally, the classic 
way of determining MEA consists of calculating the surface 
area of the QRS complexes of two ECG leads (as the number of 
small boxes within the complexes}. On the ECG axis map (see 
Figure 202-6), one then places a marker on the lines of each of 
the two leads examined. The distance of the two markers away 
from the center of the diagram is the number of small boxes 
that made up the surface area of each of the two examined leads. 
From the markers on each of these two leads' lines, a perpen¬ 
dicular line is drawn such that the two perpendiculars meet. 
A line from the center of the axis map to the point where the 
perpendiculars cross indicates the MEA, When MEA is cor¬ 
rectly determined by any technique, all leads “agree 1 " and are 
consistent with one direction of thrust of electrical activity, 
because the leads are only offering different perspectives on 
the same cardiac electrical activity. Any contradictory, nonsen¬ 
sical information in this regard is usually explained by 

neous connection of the electrode wires (ECG lead-patient 
limb mismatch). 

Determining which is the "most positive QRS complex 

most isoelectric lead J must take into account that the negative 
elements of a QRS complex cancel out an equivalent amount 
of the positive elements on the ECG tracing. Therefore it is a 
QRS complex's net positivity or negativity that is assessed. For 
instance, if lead II shows the tallest R wave and no Q or S 
wave, and lead aVF shows an identically tall R wave but some 
small Q and/or S waves as well, then the QRS is considered 
to be smaller in lead aVF; therefore the MEA is closer to +60 
degrees than to +90 degrees (see Figure 202-5), By the 
principle, a QRS complex that is wide is considered "bigger 
(greater surface area) than a narrow QRS complex of the same 
height. 

On an ECG, the cardiac rhythm is not affected by a patient' 
posture. However, tire MEA is markedly altered by the position 
of the limbs, and a consistent approach to patient restraint is 
essential (by convention; right lateral recumbency, with limbs 
held perpendicular to the long axis of the patient's body). 
Changes in recumbency or in limb position can markedly and 
misleadingly alter the MEA. 6 - 1415 This artifact was nicely illus¬ 
trated in an experiment in which dogs in right lateral recum¬ 
bency had an ECG done with one forelimb held forward and 
the other drawn back, and then the leg positions were reversed* 
A marked, but artifactual, change in MEA was observed. 15 
Therefore in the ambulatory patient, no information can be 

inferred regarding MEA (see Ambulatory Electrocardiogram, 
following). 

Precordial Leads 

The concept of designing ECG leads to "survey” the electrical 
activity of the heart from multiple angles is a sound one, but 
even w r ith a lead at every 30 degrees, a major shortcoming still 
exists. The six limb leads [I, II, 10, aVR, aVL, aVF) may 
the entire frontal plane of the body (see Figure 202-6), but 
electrical energy traveling through a three-dimensional structure 
like the heart may travel "outward” or "inward” (he., in a dorsal 
or ventral direction). In such a situation, none of the six leads 
perceives the electrical activity as going clearly toward 
away from any positive pole; electrical activity is perpendicu¬ 
lar to all of them and therefore is invisible to alL The solution to 
this problem is the precordial leads (chest leads, thoracic leads, 
V leads). With precordial leads the ability to perceive electrical 
activity of the heart extends to three dimensions, because the 
ECG clips for precordial leads are placed circumferentially 
around the chest. Thus the precordial leads (rV 2 , V 2 , V 4 , and V^) 
assess electrical activity in the transverse (lateral and ventral- 
dorsal) plane (Figure 202-9). Precordial leads provide essential 
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Figure 202-8 Right axis deviation. The mean electrical axis 
(MEA) is +150 degrees. Precordial leads also indicate a predomi¬ 
nance of electrical activity to the right (rV2, marked "VI"; V 4 
marked "V3"}* Right ventricular (RV) hypertrophy was confirmed 
echocardiographically in this young miniature Schnauzer dog with 
severe pulmonic stenosis (25 mm/sec, 1 cm = 1 mV)* 
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through the RV involves passage of the electrical impulse 
along the right bundle branch (RBB) for rapid spread through 
the RV. Hampered conduction through the RBB, a phe¬ 
nomenon called RBB block , redirects the electrical impulse 
variation that is visible on the ECG (see Bundle Branch 
Blocks, following; see Figure 202-45) J 1 As a result of RBB 
block, the incompletely depolarized RV is depolarized late, 

and slightly less efficiently, by impulses redirected from the 
LV. This "swing" of electrical energy reorients the overall thrust 
of electrical energy for that beat of the ventricles toward the 
right, creating a right axis deviation. Therefore the two main 
differential diagnoses for right axis deviation in a patient with 
sinus rhythm are (1) RV hypertrophy and (2) RBB block. Left 
axis deviations occur uncommonly because the hulk of elec¬ 
trical activity already is directed toward the left in the normal 
heart. LV hypertrophy does not alter the direction of thrust of 
overall electrical activity from the left-caudal direction but 
often will increase its magnitude (e.g., taller R waves in lead II). 
Left anterior fascicular (LAF) block is an example of 
conduction abnormality within the ventricles that is compen¬ 
sated for with a thrust of energy in the left dorsal direction, 
which can cause a left axis shift (see Figure 202-46 for 
ex am p le ). 12 

The concept of using the polarity and size of ECG deflec¬ 
tions to infer the orientation of electrical thrust applies to the 
atria (F waves) and to the ventricles. Variations in atrial MEA 
have been associated with atrial enlargement or intra-atria! 
conduction abnormalities, yet as with the ventricles, MEA is 
at best a rough index, and its accuracy for assessing morphol¬ 
ogy appears to have been widely surpassed by that of other 
diagnostic modalities such as echocardiography. 

Using vectorial enhancement, the ECG machine uses the 
three electrode wires connected to patients undergoing an ECG 
(the fourth is an electrical ground) to assess electrical activity 
from three additional perspectives (aVR, aVL, and aVF) in 
addition to I, II, and III, for a total of six different perspectives. 
The six positions, or leads, are evenly spaced 30 degrees apart 
and are called the limb leach (see Figure 202-6). 

MEA can be calculated on an ECG in several ways, allowing 
the clinician to understand the overall direction of electrical 
thrust in the ventricles. Probably the simplest is to look for the 
lead with the most positive QRS complex. This represents the 
lead toward which the bulk of electrical activity is most directly 
oriented (i.e., the MEA). An equally effective, converse approach 
is to find the most isoelectric lead, namely the lead that perceives 
the least electrical energy. Because the isoelectric lead is the 
lead that is least aligned with the thrust of electrical activity, 
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Figure 202-10 Deficiencies of limb leads and utility of precor¬ 
dial leads. A, This electrocardiogram [ECG] from an adult male 
Doberman dog with a chief complaint of dyspnea could be mis¬ 
interpreted as indicating atrial fibrillation [AFib] because no P waves 
are seen in the limb leads and a fine, undulating baseline is present. 
However, P waves 
ECG shows normal sinus rhythm (NSR), not AFih The P waves 
are isoelectric to the limb leads, indicating that the overall thrust 
of atrsal electrical activity was oriented ventrally, toward lead V2 
(Figure 202-9). The fine baseline undulations are motion artifact. 

The erroneous suspicion of AFib also was at odds with the regular 
rhythm and pulse noted on physical examination. Mild variation 
in R wave amplitude, as seen toward the end of the lead II rhythm 
strip at bottom, can occur with aberrant ventricular conduction 
as an artifact of ECG filtration. Simultaneously recorded nine-lead 
tracing and rhythm strip (25 mm/sec, 1 
rhythm with motion artifact mimicking atrial flutter or fibrilla¬ 
tion, Unlike true atrial flutter or fibrillation, the QRS complexes 
occur at regular intervals, P waves (dots) are seen, especially when 
the dog stops shivering at the end of the tracing (lead I, 25 mm/sec 
1 cm = 1 mV). (jB, tracing courtesy of Sophia David, AHT) 


Figure 202-9 Precordial leads. Using the summation of limb 
leads as one "virtual" pole in the center of the chest, the positive 
poles of precordial leads are positioned to register electrical 
energy in the transverse plane as follows: right fifth intercostal 
space, just lateral to the sternum (rVZ, or CV5RL), left sixth 
intercostal space, just lateral to the sternum (V2, or CV6LL), left 
sixth costochondral junction (V4, or CV6LU), and dorsal midline 
directly dorsal to lead V4 (VI0), approximately over the seventh 
thoracic vertebra.^ 


dearly present, as seen in lead V2. This 


or 


information that may not be apparent in the limb leads (frontal 
plane) (Figure 202-10) but they are more susceptible to arti¬ 
fact caused by chest wall motion (Figure 202-11), 

Combining Mean Electrical Axis 
and Electrocardiographic Leads: 

Understanding the Direction and Force 
of Electrical Activity in a Heartbeat 

From the explanations given previously, it should be seen as 
logical that lead II is routinely used ^or evaluating the ECG in 
small animals. This is because the positive pole of lead II (i.e. , the 
point from wdiich a lead II "observer" detects electrical activity) 
is at + 60 degrees, or in the left caudal region (see Figures 202-5 
and 202-6). This is in the middle of the normal range of ME A 
for healthy dogs and cats. 2 5 The LV receives more energy than 
the right, and the overall thrust of electrical energy is caudal, 
so the positive pole of lead II is likely to perceive a large thrust 
of electrical energy toward it in normal small animals and thus 
display a clear ECG with large, visible QRS complexes {see 
Figure 202-3), The same can be said for atrial activity and the 
P w r aves. However, interindividual variation reveals the limita¬ 
tion of using only lead II, Certain patients may fail to provide 
the desired information in a specific lead (see Figure 202-10). 

Deviation of the QRS ME A denotes an abnormal orientation 
of the sum total of ventricular electrical energy. 12 S Normal 
MEA is +30 degrees clockwise to +110 degrees for the dog, 
and zero degrees clockwise to +160 degrees for the cat. The most 
common causes of right axis deviation (MEA to the right of 
normal [from +110 degrees clockwise to -90 degrees in the 
dog]) are RV hypertrophy and enlargement (see Figure 202-7 
and 202-8), RBB block (see Figure 202-45), and ventricular 


1 mV). B, Sinus 


cm 


r 


ectopy of LV origin (see Figure 202-32)—all conditions in 

which the bulk of ventricular electrical activity travels toward 
the RV, Left axis deviation (MEA to the left of normal [from 
+30 degrees clockwise to -90 degrees in the dog]) is rare and 
can be caused by LAF block (see Figure 202-46) or experi¬ 
mental transection of the left bundle branch. In cats the vvide 
range of normal for MEA and the substantial overlap between 
normal and abnormal limits the usefulness of MEA, and some 
cardiologists omit it altogether. It can also be seen that a pre¬ 
mature ventricular complex (PVQ VPC) originating from the 
LV, for example, will spread outward (i.e., toward the right) 
and thus presents a thrust of energy that is directed rightward. 
This radical difference in orientation of electrical thrust explains 
why classic PVCs of LV origin are commonly bizarre looking, they 
are oriented aw r ay from the positive pole of lead !1, so are pre¬ 
dominantly negative in that lead (i,e,, bizarre in shape). PVCs 
also are usually w r ider than sinus beats because they spread 
from an ectopic focus through ventricular myocardium, not 
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Figure 202-12 Respiratory sinus arrhythmia (RSA) and wander¬ 
ing pacemaker (WPJ, Lead 11, 25 mm/sec, 1 cm = 1 mV. 
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cat in a clinical environment. 21 Ambulatory electrocardio¬ 
graphic testing provides an excellent opportunity to evaluate 
the real heart rate across the species and identifies a higher 
prevalence of arrhythmias than conventional monitoring. 2 ^ 5 

The P wave is the first deflection on the ECG after isoelectric 

diastole [baseline after T wave) (see Figures 202-1 and 202-21, 
it should be positive in leads II and aVF, and isoelectric or posi¬ 
tive in lead I. It may be negative in leads III, aVR, aVL, V 2r and 
VjO" The first half of the P wave represents RA activation, and 
the second half represents left atria] (LA) activation. The spread 
of atrial excitation begins in the upper portion of the RA at the 
SA node and spreads across the atrium, depolarizing the LA. 
The maximum normal amplitude of the P wave in any limb 
lead is 0,4 mV in the dog and 0.2 mV in the cat. The amplitude 
of the P wave may increase during inspiration and with 
increased heart rate. High vagal tone also allows the exact pace¬ 
making site within the SA node to change. Higher centers are 
responsible for early activation, and lower centers closer to the 
AV node produce lower rates and lower amplitude P 
This vagaily mediated change in the origin of the pacemaking 
site in the SA node is a normal feature of canine ECGs and is 

called a wandering pacemaker (WP) (Figure 202-12), The 

amplitude of the P wave may also vary between tracings due to 
changes in the position of the heart and of the ECG clips. 

The duration of the P wave should not exceed 0,04 second 
in the dog (0.05 second in larger breeds) and 0.04 second in 
the cat. Notching of the P wave is not significant unless the 
duration of the wave exceeds stated limits, in which case it 
may indicate LA enlargement (P mitrale) (Figure 202-13). 
Conversely, P waves of increased amplitude, especially with 
a peaked shape, have been associated with enlargement 
hypoxia of the RA (P pulmonale) [see Figure 202-13). 

The morphology and amplitude of the canine P wave are 
more variable than in other animals, especially in the limb 
leads. The mean P wave ME A in normal dogs is within 90 
degrees of the ventricular MEA in the frontal plane. 

The F-R segment is the isoelectric period that follows the 

P wave on the ECG (see Figures 202-1 and 202-2), It is mea¬ 
sured from the end of the P wave to the beginning of the first 
deflection aw'ay from the baseline, indicating ventricular 
activity. During the P-R segment, the electrical impulse is being 
conducted slowly through the AV node. Atrial repolarization 
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Figure 202-11 Artifact affecting a ventricular (precordial) lead; 
leads (I and V 2 recorded simultaneously, in this dog, the cyclical 
chest excursions of panting (onset: arrow) can disrupt the ECG 
similar to ventricular arrhythmias. A closer inspection of lead V 
reveals the persistence of superimposed, normally timed QRS 
complexes (dots), many of w hich can be seen and none of which 
would occur if the rhythm were VT. This artifact is absent in the 
limb leads, which do not move w-ith panting as does the chest 
walk Speed: 5 mm/sec; scale: 10 mm/mV. 
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along the rapidly conductive fibers of the His-Purkinje system 
as normal beats would. This slower conduction means the 
QRS complex will be wider on the ECG (takes longer to be 
traced). Because the His-Purkinje system is more widely 
developed in the LV, PVCs of RV origin are more apt to prop¬ 
agate along on it and thus RV PVCs often are only slightly 
diflferent from normal sinus QRS complexes. 

Despite the incontestable superiority of echocardiography 
over ECG for assessing cardiac size and structure, the ECG 
continues to provide clues about abnormal heart size or shape. 
It can increase the index of suspicion for cardiac disease or can 
help to refine the differential diagnosis before 
gram is performed. For example, heart diseases 
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waves. 


ec h oca rd lo¬ 


an 


causing 

RV enlargement continue to be noted as causing a right axis 
deviation in many or most affected patients, including those 
with pulmonic stenosis (right axis deviation in 19 of 21 patients 
[90%] ]6 ) t right-to-left patent ductus arteriosus (right axis devia¬ 
tion in eight of eight patients [100%] 17 W), and cor pulmonale, 19 


*L 


or 


Confounding Factors 

Sources of error may alter the apparent MEA and result in an 
erroneous diagnosis. Changes in position of the limbs 14 - 15 and of 
the position of the heart within the chest (e,g., pericardial 
effusion [see Figure 202-17], peritoneopericardial diaphrag¬ 
matic hernia, intrapericardial mass, or body motion in ambu¬ 
latory ECG) change the perspective from w r hich ECG leads 
perceive the heart's electrical activity, often causing the false 
appearance of changes in the MEA. 


NORMAL ELECTROCARDIOGRAM 


p r r *■ * lSl ■ ■■ ■ * 

i ; ■ ■ • * * 


■ 


! 


r S- h 




+ + 






■ 


. I . 


■ 


n 


r 


B B* 


+ 


■ 




¥ 


Extremely fit dogs with athletic hearts, such as Alaskan sled 
dogs, deviate substantially from the "normal" ranges listed at the 

beginning of the chapter (see Box 202-1 ). zn In most normal 
dogs, heart rates range between 60 and 160/min, Rates above 
these limits are classified as tachycardias, and below r 70 beats 
per minute (bpm) are bradycardias « Bursts of sinus tachycar¬ 
dia (STach) of up to 300 bpm have been identified for brief 
periods in normal dogs. 1 In healthy cats in the hospital setting, 
the normal heart rate extends up to 260 bpm, with a median 
of 180 bpm. 21 The low limit of normal varies, depending on 
whether the patient Is at home or in the hospital. Generally 
130 to 150 bpm would be considered low-normal for a healthy 
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Figure 202-13 P wave abnormalities. Lead II, 25 mm/seo, 1 cm 
1 mV. 
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occurs during this period and into the QRS; atrial repolarization 
generally is too low in amplitude (or occurs too far into the 
QRS complex) to be detected on surface recordings, except in 
rare cases in which an atrial repolarization wave, or T a wave, is 
seen within the PR segment (see Figure 202-13}. 26 T 3 waves dis¬ 
tort the baseline of die PR segment and usually are indicative of 
atrial enlargement, hypoxia, or electrolyte changes- 

The period from the onset of the P wave to the onset of the 
QRS complex is the P R interval (see Figure 202-2), The dura¬ 
tion of the P-R interval varies inversely with the heart rate. 
With rapid heart rates it may be 0,04 second but usually varies 
from 0.06 second to 0.14 second (dog) and from 0.04 to 0,09 
second (cat). Normal dogs vary considerably Prolongation of 
the PR interval is first-degree heart block, an electrocardio¬ 
graphic—but not hemodynamically important—term (see 
Atrkwentricular Block, following). Short P-R intervals suggest 
rapid heart rates or accessory pathways that bypass normal 
A-V conduction (see Pre-Excitation Syndromes, following)* 
The QRS complex is the ECG representation of ventricular 
depolarization (see Figures 202-1 and 202-2). 13 It occurs 
immediately after the P-R interval. The components of the 
QRS complex are named for their sequence of occurrence, 
not for correlations with activation of specific parts of the ven¬ 
tricles- The Q wave is the first negative deflection occurring 
before a positive wave after the isoelectric P-R segment. The 
R wave is the first positive deflection after the P-R segment, 
regardless of whether or not a Q wave precedes it. The S wave 
is a negatfve deflection occurring after a (Q) or (R! deflection 
(or both)* If no positive waves are present, the negative deflec¬ 
tion is called a QS complex (e.g., lead I in Figure 202-8), 
Additional positive or negative deflections that occur in the 
QRS complex after the R or S wave has returned to the base¬ 
line (producing “splintered" QRS complexes) are called prime 
(R'; S') waves (Figure 202-14). 13 Any of the following ven¬ 
tricular patterns may arise: QR, QS, RS, R, QRS, plus prime 
deflections. If the wave amplitude is small (he., <0.5 mV), it 
is written as a small letter (e.g., 4 ]; if it is greater than 0.5 mV, 


a capital letter is used (e.g., Q)T 13 These types of complexes 
occur under various conditions. For example, an association with 
congenital tricuspid valve malformations in Labrador retrievers 
is known to exist . 27 

The size of QRS complexes 1 and P waves) is significantly 
affected by the presence or absence of filters on 
machine. Use of routine ECG filtration in one canine study 
produced a median 51% reduction in QRS amplitude , 28 with 

the greatest amount of artifaetual attenuation noted in smaller 

dogs and in tracings with narrower QRS complexes. Marked 
filtration effects also have been noted in feline ECGs . 29 Therefore 
the presence or absence of filtration should be recorded on ECG 
tracings whenever possible. 

LV muscle mass normally exceeds RV mass. Depolarization 
of the LV overwhelmingly controls the magnitude and direc¬ 
tion of the forces of the QRS complex in the dog and the cat* 
Ventricular activation occurs in three smooth, transitional 
phases: (1) initial, (2) main, and (3) terminal* The interven¬ 
tricular septum, except for the basilar region, is depolarized 
first, followed by bilateral apical and central endocardial to 
epicardial activation until a single cone of depolarized muscle 
surrounds each cavity. Terminal electrical activity proceeds 
from apex to base, exciting the basal septum and basal and lat¬ 
eral LV. The electrical thrust (vector) is directed from left to 
right in the interventricular septum, then endocardium to the 
epicardium, depolarizing the free (lateral) ventricular walls, 
and finally basally in the upper walls and septum (ventricular 
outflow tracts ). 1 ' 1 - 5 - 30 The durations of these phases are nor¬ 
mally 0.01 second, 0.025 to 0.035 second, and 0.01 second, 

respectively, in the dog . 3031 They are proportionate but 
shorter in the cat, where the entire QRS complex duration is 
usually between 0.02 and 0*03 second. 

Prolongation of the QRS complex beyond 0*05 second 
(0,06 second in large breeds) indicates delayed ventricular 
depolarization. In cats, durations exceeding 0.04 second are 
unusual. Ventricular hypertrophy, bundle branch block (BRB), 
electrolyte disorders, formation of ventricular ectopic beats 
(either premature or escape rhythms; see discussion of prema¬ 
ture ventricular complexes and conduction disorders, following), 
and aberrantly conducted beats (e.g., RBB block) can result in 
prolonged complexes. 

More specifically, the initial ventricular electrical thrust, or 
vector, when the impulse first emerges from the AV node and 
begins to travel in the His bundle, is oriented rightward, craniad, 
and ventrad. Leads 1 and V 10 should therefore each have a 
Q wave, indicating an initial rightward (lead [! and ventrad (lead 
V, 0 ) force* The Q wave in canine leads II and aVF represent 
cranially directed initial forces (duration under 0.01 second). 
The initial vector is directed cranially for only a short period 
prior to turning caudad. If a Q wave is present in older dogs 
in leads 1, II, 111, and aVF, and if its amplitude is greater than 
“0,5 mV in lead II, it is probably abnormal and specifically 
suggests the possibilities of RV enlargement or RBB block. 

The main portion of the QRS complex reflects depolariza¬ 
tion of the LV and RV free walls. The main ECG deflection is 
formed by depolarization of the LV wall directed to the left, 
caudad, and ventrad, producing an R wave in leads [, II, III, and 
aVF (leftward and caudad) and a Q wave in lead V 10 (ventrad). 

The terminal force of the QRS complex represents dorsal 
basal (apicobasilar) depolarization.The force is either rightward 
or leftward, depending on the extent to which the basal region 
of the LV lies to one side of the midline. If part of the dorsal 
basal region lies electrically to the right side of the thorax, then 
the terminal electrical forces will be directed cranially and to 

the right, producing a small S wave in leads I, II, III, and aVF. 
This S 1 S 2 S 3 pattern sometimes is noted with severe heart- 
worm disease and other causes of marked RV hypertrophy 
(Figure 202-15). Normally no 5 wave occurs in lead I and it 
may also be absent in lead II. Lead V 10 should always have 




the ECG 


IA 
















^ I 


Figure 202-14 Example of a splintered QRS complex. The 
exact description is an RSRV complex. The short P-R interval 
also suggests pre-excitation. Lead II, 25 mm/sec, l cm = 1 mV. 
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Figure 202*17 Electrical alternans. Lead II, 25 mm/sec 
1 cm 
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These associations are true only if QRS complexes are dimin¬ 
ished in all leads, including the V leads. Otherwise, QRS 
plexes may simply be small in 
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one lead because they are larger 
in other leads (i.e., the ME A is directed elsewhere; see Mean 
Electrical Axis)* Cyclic changes in heart rate may cause cyclic 
variations in QRS complex size. A pattern of alternating 
change in R-wave height from beat to heat is seen in some dogs 
with pericardial effusion (Figure 202-17). This finding, called 
electrical altemans, results from the swinging motion of the 
beating heart within a distended, fluid-filled pericardial 

Occasionally the QRS complex is nearly isoelectric in all 
six limb leads, a variation of normal referred to as a horizontal 

the frontal plane, and 
parameters cannot be used; however, the precordial 
leads often still give useful information regarding left-right and 
dorsal-ventral orientation of the electrical thrust. The rhyth 
durations of weaves, complexes, and intervals 
the horizontal heart situation. 

Q-T interval begins with the onset of the QRS complex, 
ends when the T wave returns to baseline, and denotes the entire 

period of ventricular electrical activity (see Figure 202*2).*- 13 

The duration of the Q-T interval varies directly with the pre¬ 
ceding RR interval. Nevertheless, and despite wide variations 
in heart rate in the dog, the Q-T interval does not vary during 

respiratory sinus arrhythmia (RSA)* 33 Measurements of the 
Q-T interval have traditionally been corrected (Q-T c ) for the 
effect of heart rate using the Bazett formula: 
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Figure 202-15 S waves (arrows) seen in leads 1, II ( and III 

(SiS^Sj pattern).This is a 
tricular depolarization being directed cranially (S waves in leads 
II and III) and to the right (S waves in leads I and II). Classically 
it has been associated with right ventricular (RV) hypertrophy, 
as in this (vyear-old Husky dog with severe heart worm disease 

(25 mm/sec, 1 cm = I mV). 


manifestation of the final forces of 


m 


ven 


are not altered by 


a Qr complex, the small r wave representing the terminal 
dorsal basal depolarization of the ventricles. 

The upper-normal limit of amplitude of the 
is 2.5 mV; above 3.0 mV is virtually always abnormal except 
in some young dogs. Abnormally tall R waves in lead II suggest 
LV enlargement, R weaves of amplitude less than 0.5 mV in 
leads I, II, and III are small. ] Consistently diminished R 
amplitude suggests pericardial or pleural effusion (or both), 
intrathoracic mass, severe pulmonary disease, hypovolemia, 
hypothyroidism, hypothermia, acute hemorrhage, or obesity* 


p 


canine 


wa v e 


Q-T c - Q-T interval/square root of R-R interval 


This formula may overcorrect at rapid heart rates and under- 
correct at lower heart rates and is dependent on identification 
of the exact duration of the T wave, which may be challeng¬ 
ing in some ECGs. Clinically the Q-T interval may be assessed 
routinely without correction and, when that is required, the 
formula is the simplest adequate method. In small animal 
tice, Q-T interval prolongation is usually associated with 
certain medications 34 specific medical conditions 34 ^ but 
not the arrhyth mo genic cardiomyopathy of boxer dogs* 
Amiodarone, a class III antiarrhythmic agent (see Therapy of 
Arrhythmias, following) is known in human beings and 
dogs to prolong the Q-T interval when administered over long 
periods of time, 37 This effect is due to its effect on potassium 
channels (l to transient outward K+ current and others). 
Such electrocardiographic changes have been linked to pro ar¬ 
rhythmia in humans, although this association has not been 
clearly demonstrated clinically in dogs or cats. Some veteri¬ 
narians are called upon to evaluate Q-T intervals critically 
because their work involves research laboratory studies that 
test the effects of drugs on such ECG changes as Q-T interval 
prolongation. In this instance the reader may wish to pursue 
specific information on Q-T interval corrections and nonclinical 

electrocardiology, 1 34 363 
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Figure 202-16 Normal sinus rhythm (NSR) in a cat. Heart 
rate: 140 beats per minute (bpm). Mean electrical 

(MEA): +85 degrees. Left ventricular (LV) hypertrophy i: 
also suspected based on the tall R Waves in I _^ _ 

confirmed eehocardiographically* The fifth precordial lead 
is inserted between V 2 and V 4 as described by Harpster 10 
(25 mm/sec, 1 cm 


axis 


Regardless of context, marked 
prolongation of the Q-T interval can be an issue of concern; it 
raises the possibility of such acute, “malignant 
torsades de pointes (TdP, 
fibrillation (VF, see Figure 202-37), 
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epitardium to endocardium, or vice versa) and is of no known 
clinical importance in small animals at this time. In healthy 
human beings, the QRS complex andT wave are usually con¬ 
cordant, and this important interspecies difference has led 
physicians and nurses to misinterpret canine ECGs with 
QRS-T discordance as abnormal (because QRS-T discordance 
is sometimes a feature of myocardial infarction in people). 
Normally theT wave is positive in lead V 2 and negative in V 
or else RV hypertrophy is suggested (exception: Chihuahua). 
If the amplitude of the T wave is greater than 25% of that 
of the R wave (Q wave if it is deeper), LV enlargement 
may be suspected. These links between T wave morphology 
and cardiac structure appear to be fairly insensitive and non¬ 
specific, and their utility has been essentially replaced by 
ech oc a rdio graphy. 

Technical Aspects of the Electrocardiograph 

Techniques for obtaining the ECG are discussed in Chapter 90. 
By convention, paper speed is 50 mm/sec in small animals, 

although the paper speed commonly used in human cardiology 
25 mm/sec, may he used in veterinary' medicine if the heart rate 
is 120 hpm or lower The usual amplitude setting is 1 cm = 1 mV, 
and this is halved or doubled if the patient's tracing shows 
unusually large or small deflections, respectively. 

Evolution of the Electrocardiograph 

At birth the ME A of the normal canine ECG is directed 
rightward, cranially, and ventrally. Over the first 3 months of 
life this orientation slowly changes in the normal dog to left¬ 
ward, caudal, and ventrad. A similar pattern of evolution 
exists for kittens. 42 The criteria used for establishing a 
normal' 1 ECG are not the same for a dog less than 12 weeks 
of age as they are for an older dog. 43 In a study of normal dogs 
raised on regular or calorie-restricted diets from adulthood 

until death, no changes were observed with advancing age 

on the annual ECGs of dogs in either group during the dogs 
lifetimes. 44 


The S-T segment and T wave represent ventricular repolar¬ 
ization (see Figures 202-1 and 202-2). 13 The S-T segment, 

which represents the slower phase of repolarization and its 
predominance of slow calcium channel activity, begins with 
the end of the QRS complex (i.e. r the J or junctional point or 
wave) and ends with the first deflection of theT wave. Z34 The 
T wave represents the most rapid period of ventricular repo- 
larization, during which potassium briskly leaks out of the 
cell. It ends when the wave returns to the isoelectric baseline. 
The S-T segment and T wave should be examined for depres¬ 
sion or elevation from the baseline, either of which may be 
associated with myocardial hypoxia, nonspecific electrolyte 
changes, or cardiac hypertrophy (Figure 202-18).The degree of 
ST deviation appears to vary cyclically with the R-R interval, 
and deviation increases with shorter preceding R-R intervals. 1 
Abnormal deviations of the S-T segment are defined as a 
depression of 0.2 mV or elevation of 0.15 mV in leads II and 
III, or they are defined as a depression or elevation of 0,3 mV 
in lead V 4 , A subjective appearance of a delayed return to 
baseline in the S-T segment (i.e., an S wave that has an 
oblique or curved terminal upstroke) is referred to as S-T seg¬ 
ment slurring or comng (see Figure 202-18), Like S-T elevation 

or depression, S-T slurring most often suggests myocardial 
hypoxia, particularly when it is new T (e.g., intraoperative ECG 

demonstrating its sudden onset), in a study comparing normal 
and sick cats, S-T changes were frequently reported in cats 
with identifiable cardiac disease. Abnormal S-T segments 
occurred in 70% of cats with congenital heart disease, in 43% 
to 47% of cats with cardiomyopathy, and only in 10% of 
normal cats. 40 - 41 

The T w f ave may be concordant or discordant in normal 
dogs, meaning that its polarity may be in the same direction 
or in the opposite direction, respectively, compared with the 
QRS complex. The polarity of the T wave depends on the 

direction of repolarization within the ventricular wall (from 
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Vagal Maneuver 

Artificially increasing a patient's vagal tone has potential value 
both diagnostically and therapeutically. Diagnostically, slowing 
the heart rate and increasing AV nodal refractoriness through 
vagal maneuvers may slow a rapid tachycardia, allowing some 
of its features to be more apparent and facilitating the ECG 
diagnosis (Figure 202-19). Therapeutically, an increase in vagal 
tone that interrupts macro re-entrant circuits can briefly 
reduce an excessively high ventricular rate through AV block (as 
described for atrial flutter later in the chapter) or can terminate 
such arrhythmias as AV nodal re-entrant tachycardia and ortho¬ 
dromic AV reciprocating tachycardia (see Pre-Excitation 
Syndromes, following). 

Carotid sinus massage (gentle, sustained compression of 
the carotid sinuses, located just caudal to the dorsal aspect of 
the larynx, often to the point of eliciting a gag reflex) can be 
applied for 5 to 10 seconds and should be tolerated by the 
patient (signs of discomfort, resentment, or a marked change 
in heart rate warrant immediate termination of the vagal 
maneuver). Because dogs and cats very rarely suffer from 
carotid artery atherosclerosis, concern for thromboembolic 
consequences of carotid sinus massage as expressed in human 
cardiology is unlikely to be relevant to small animal practice. 
Ocular pressure over closed eyelids is another form of vagal 
maneuver, but it is contraindicated in patients with ocular 
problems and subjectively appears to be less effective than 
carotid sinus massage. 


i 


fl 


1 


* 


B 


QRS 


fi * t 


- 


* 


■ 


* ■ 


m ri 


¥ 


■< fi 


# -■ * 


* 


■ * » 


- P 


v 


V 


■ p 


■ 


T 


■ * 


■ 


* Si 


m 


■ 


■ 


■- 


j 


■ 


k 


* 


+ 


B a 


4 


B 


4 




B 




a I d 


I 


■ 


■B 


■ 


1 


■ 


■ 


fi 


■ 


■ 


■B 


B 


■ 


- 


B I 


■ 


B 


+ fl IB 


■ B fi 


* * ■ 




■ B 


B 


* * ■ 


■ * ■ 


4 * 


■ 


i 


p m 


l 


r-M 




-- 


jm 


I |i 1 1 




■ 


► 


I 


♦ 


— 


* 




1 




-r i 


■ 


ui 




! 


i 


■ 






■ 


hr— 






— i 


i 






r 


I 


. .1. 


I. 




i 






— j - ■ 


■■i i 


u 




I 




■I 


- 


■ 


f 


4 






IJ<* I 












■ 


■i 


I 


!™ 


r 


. 


. 








- 


- 


- 




fi 


r m + 


■a it 


•mi feM.I 


•II * 


III 


1 i 






mr I i ll h im 


rzfcb 




liS 


rr 


■ 


~I ■ 


' 




- - *4 




Ml 


- 


■ 


HE 






r 


T - I 


■ 


■ ■ 


B 




1- 




Ml' • 


nii - 


■ 




in n 






ii 


■ it 


i 


■ 


• IIM 








\,mr 


t 


I 


fl *"[ 


If 1 


w 


I 




- 




mm >*• ■ 




In 


■ ■ B 


I ■ 


i* r 


r 




•P’W 


■ 






— 




* 


* 


j. 




- 






m I ■ ■ 


11 fi ■ l«-|R 

—-!• — “i-J- 


i 1!| ■'» 


■ in ii 


mm 




I. 


• 'O Bill 




1 


■ 


r"i 


a 




.1 






f-i i M|i-fi| 




...i I 


■L< 


* r .* i- is 


lie 


i 


■ ■ 






H-M ■ 


44 






Figure 202-18 ST segment changes in two cats. Upper panel, 

ST segment depression. The two arrows should completely over¬ 
lap, ST segment coving, or slurring, also is present (50 mm/sec, 
2 cm = l mV). Lower pattel, ST segment elevation. The height of 
the ST segment (small arrow) should be the same as the baseline 
(large arrow j. Lead 11, 25 mm/sec, 1 cm = 0.5 mV 




















































































































































1050 


SECTION XI 


* Cardiovascular System 


I 


19 / I ~—■ 


1 "VI 




.i. 




tfc 


r 


k.. 


y* 






■Hi 




i 


rr 


L. 


fc - 




-■* 


JL 


>4 






iHTi 




1 


n 


k 


v 


■ 




»■ 


V 




» 


m 


- 4-- *. 




■it’ 


+ • 


if 


M 


> T !jx+ 


I 


.V 




y 


■ i 


r 


W aAr 1 ' 
■ a T liftttr 


tJJ 


m 


bl--, 


I 


IH 






■ — 


« 


t 


A 


-1 * 


I 


m 


■- 


1 


y 


;. p 


l+sr 


t: 


K I 


1 .1 


..I 


V 




i 


r 


Mil 




-P ■ 




4 


Ji 


Vi 


j 


::ir 


1 


y* 


■ ! 


J 


A 


4" 




* 


■■r-t 


Ll 


si 


i" 


1 


r 




:> 


i 


■HP 


1 ° 


Ak+ 


*.• 


* + =1 

la.i 


i 


4 


+ > 


+ 


S 




■- ij- 

j • — ■ j i 


"i-r 


10 


s 


• ■ » 


JL.J 




J i + .j j 


: 


i 


• ■ ■ 


■ ■.* 




■■ 


1 


■ 


■ > ■ 








! 








: 


1-3 




s w. 


I 


■ ■ 


fctfr 


1 




i- 


£ > 


ITS 


r .. u, 
> 4-*4- 


F 


J 


4L 


I 


4i 


■* 


£i 


% 


% 


A 


\ 




4 


% 


3! 


" Ijjff 


t 


+. 


LI* 


rXX- 


. 


iti 




4T*’* 


■i 




A 


V 




■ * 


■: 


:UiT 


3M 


. 


.4 


a: 


■I 






! 




X"4 




• » ■ • 




4 


■ ■* • 


► 4 


4! 


J A 


s 


v 


r* 




Nif. 


■Fit 


n . 


■ 


:ij- 


II 


■wa 


F if Jf 

vIiySy? . 


r 


4 


4- 


1 i.i 




I 


t 


>4 


' 


T 


4 




i 


L I 


t 


■ 


! 


I 4 


■ 


1 


4 


'+! 


4 --- 




■ ■ 


r j 


» • p a a 


4- 


r 


a 


r: 


ttr- 


J 


I 


4 


• a 


I 


4 ^ 4- ■* 

" It If'" 

VTI"P| b " 


e 


■- 


I 


.■» 


4- > 


3 * 1 : 


JU 


I 


* 


i 


y 


' 


9 


L 




’+ 


•k- 


1 


I- 


P 


-■ 


I- 


•m-h 


■ 


4 1 


4- 




p ■ 


■■ 


■ i 


aw 


> 


Yh 


i 


V • 


■. 






■■ 


u 




■ 








> 


4 


B 


t 


.1 


2 r: 


V 


k 


^ Si '-■p k f+f-rf • L: .. > 








"I 


r - 


i 


A 




I 


^ IH . - , 


j 


*Jkn 




■i : 




i a * a h ^ a ■ a a a 

JfH » vl JI 

I r" X i 4 ■ ■ ■ ■ ■■ . 

%.■ k . . .V. 4.iL..I. 


■4- 


4-J 


A 


% 


i 


tl-M 


I 


I 


■»* + 


Fw 




XL 


B. 




.4 -a 


:i 


+ 


. A A 

J.+ 






V 


% 


■ 




V 


I^V-^V 


1 


I 


r ■■ 


TJ 






■i 




a 


I" 


<j!i 

ir. 




■j 


a ? 






iMi-Vt- 

“ . | 1 E-t 


a a 


■n 


rr s -i 


i • 


■■■• ■■ 


v 


m 


-4- 


+ :'ix l 

a a a a aa i 

i A A ■ 2 i 


i-b-ffc 


a 


V 


2 n:s:^ 




a-.* 


H- 


■ 


I ' 


V 4 - 


tx 




+ b>i%" 




a a 


A 


3 


% ■-* 


a 


B-X 


* 




La 


■if U 




•* 


r 


I : 


! 


i 


■ 




4s 


PW 


+ 


Wii 


■ 


a a 


’ 


X I 


1 fe 


Ji i il 


1 + 


K. .J. 


4 a H- 


K 


•• 


s 


m 


1 




s 


I 


M 


■ 


1 


i.yrl 

rrilni 


■ 




1 *+^- 
:r.tS j 






4 


;■ *i J . 


i jj 


+4 4l 


ISw* 


c 


a 


■■in. 






1 








17J 

f HIE 


-4' ¥t 


1 "* 


I*! I 


Tii 


■ A 


P-* 


N 




t 


* + + *!m* A 


■9 


•tP I 4 


E 


■ 


- 


4 v 


+ 1 + 




■ r m 


i 


T 


a a a a 




4 


'[-H 


I 


frt,' 


■ Hrl ■! 


4.1 


n 


•i> v 


■S 




I.I 


■1 


r 


i 


p . ■- 


i 


IH 


ii 


f ■ i 


t El 


f 1 


•4 




ill 






■il 


« 






« i ■ 


e 


al .■ 




1* 


i?i s 


"*4 


IJ :> 1 


4-faa 


a a a a 


R3 


fHi 


s 1 : 


- 


4 ■; u jh 


V* 

° lllaJ Jf 


n 


l« 




if 


' 




c 


« 






a i ft 


Figure 202-19 Atrial flutter. 1 he diagnusis of atrial flutter i: 

made easier by the initiation of carotid sinus massage (arrow) This 
vagal maneuver was j 

high heart rate in the absence of an identifiable cause (320 beat's 
per minute [bpm] ( first part of tracing). Carotid sinus massage 
induces second-degree AV block beginning after the ninth QRS 
complex (synall asterisk). As a result the flutter waves (F) are seen 
more distinctly as separate from the T waves and QRS complexes. 
Two premature %'cntricular complexes (PVCs) also are seen in the 
middle of the tracing. After the AV node has increased in refrac¬ 
toriness, the flutter waves (F) are much more clearly seen as dis¬ 
tinct Irom the QRS complexes and F waves and are always evenly 

spaced, even when buried in a QRS complex (small arrow). Lead 
aVF, 25 mm/sec, 1 cm = 1 mV. 
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applied because this dog had a persistently 


Figure 202-20 Ambulatory heart monitors. A r 24-hour 

(Holter) monitor. B, External event monitor. C, Implantable 
event monitor. Scale; white bar 


1 cm. 


Atropine Response Test 

Administration of atropine 
in travenousl y ca n 


finding if it occurred during brisk exercise A veterinary 
patient's Holter report, if produced through human cardiol¬ 
ogy software, should be reviewed carefully.*® Over- and 
underinterpretation are common, because software for auto¬ 
mated Holter analysis is designed only for human ECGs l, 
this time. Common sources of error from human Holter inter¬ 
pretation programs include inaccurate heart rate counting 
(undercounting QRS complexes that are too small during body 
movement or overcounting such as interpreting T waves as 
QRS complexes) and inaccurate arrhythmia diagnosis (over- or 
underinterpretation). It remains the veterinarian s obligation 
to assess the abnormal ECG segments shown in the Holter 
report and to decide whether the interpretation correlates 
well with the rest of the patient s information. Continuous 

in-hospital monitoring systems similarly allow long-term cardiac 
rhythm monitoring and manual analysis of tracings, and they 
offer the advantage of immediately displaying ECG informa¬ 
tion during patient observation and treatment. 

The second and third types of ambulatory ECG monitors 

monitors (see Figure 202-20)* They continuously 
receive ECG information into a loop memory system, which 
can usually only retain the information temporarily When 
episode of clinical signs is observed, however, the 
needs to trigger the event monitor Doing 


sulfate 0.02 mg/lb (0,04 mg/kg] 
be used diagnostically to evaluate brady¬ 
cardias. 3 it allows the differentiation between bradycardias 
purely of vagal origin (atropine increases the heart rate) and 
bradycardias caused by intrinsic disturbances of impulse for¬ 
mation or conduction (atropine has no effect). The response 
occurs within seconds to minutes (always within 15 minutes) 
after injection. 11 Unfortunately a positive response to atropine is 
poorly predictive of response to oral vagolytic drugs such as 
prop an dieline bromide in dogs with sick sinus syndrome (SSS). 


at 


AMBULATORY ELECTROCARDIOGRAPHY 


In a patient with clinical signs caused by an intermittent cardiac 
arrhythmia, an ECG performed in the veterinary hospital may 
mav not be a It normal. Ambulatory ECG offers the possibility 
of correlating the ECG to the overt clinical manifestations 
observed by the ow ner. As a result, ambulatory ECG is valuable 
for evaluation of patients with episodic clinical signs because it 
can either rule in an arrhythmic problem (arrhythmia is diag¬ 
nosed) or rule it out (normal rhythm occurs throughout the 

episode}. 23 zms-ih 

Three types of ambulatory ECG monitors are available 
(Figure 202-20), Dr. Norman Holter developed the continuous 

monitor that now bears his name in the 1950s, when the ear¬ 
liest models weighed some 80 lbs (36 kg). Currently, Holter 
monitors are approximately the size and weight of a VHS 
videocassette, and they record the ECG continuously for 24 
48 hours, usually on multiple leads simultaneously* 9 - 50 An 
audiocassette inside the monitor typically is used for storing the 
information during the recording period and must be decoded 
afterwards in an analyzer machine. Veterinarians can rent Hniter 
monitors from various suppliers, including such on-line sources 
wwwdabcorp.com, www. veth e a rt. c om, www.idexx.com, 
and www.pdsheart.com, Holter monitor leads are placed on 
dogs as shown in Figure 202-21. Owners need to maintain a 
diary of the patient s activities—and lack thereof—during the 
entire monitoring period to provide a context for analysis 
of the tracing. For example, a heart rate of 40 bpm may 
be unusual for a sleeping dog, but it would be an important 
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Figure 202-21 Electrode patch placeman for Holter 

C olors correspond to the colors of the connecting tips on the ends 
of the Holter monitor wires. 
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to the anatomic level of their origin (he*, atrial, junctional, or 
ven trie u 1 a r). 

Excitation disturbances can cause either excessive or inade¬ 
quate contraction of the heart or its parts. Increased excitability 
produces extrasystoles (if intermittent) and tachycardia 
(if sustained). Ectopy is the term that describes spontaneous 
production of impulses anywhere in the heart. Decreased 
excitability leads to loss of impulse formation with electrical 
quiescence, resulting in bradycardia or asystole. 

Conduction disturbances within the heart are all called 
blocks. Their categorization depends on the anatomic location 
of the block and its extent or degree. First-degree block refers 
to a slowing of conduction, second-degree block implies com¬ 
plete but intermittent interruption, and third-degree block 
involves complete and sustained interruption of conduction. 
Block can occur at the SA node (rarely identified), the AV 
node, or in branches of the His bundle (BBBs)* 

Finally, two disturbances combining excitability and conduc¬ 
tion abnormalities are discussed. In pre-excitation, accessory con¬ 
duction pathways bypass part of die normal A-V conduction 
pathway. Sick sinus syndrome (SSS) generally involves periods of 
bradycardia and tachycardia caused by dysfunction of the sinus 
node and supraventricular and ventricular conductive tissucs. 

Cllnical Impact of Rhythm Disturbances 

The rhythm disturbances mentioned previously do not all carry 
the same clinical importance. Furthermore, interspecies differ- 

marked. Some are commonly encountered, whereas 
others are extremely rare. Their clinical impact may range 
from harmless (some are benign variations ol normal) to 

ly detrimental (potentially life-threatening arrhyth¬ 
mias). In cats, pre-excitation and isorhythmic AV dissociation 
have been associated with feline cardiomyopathies. In the 
dog, disturbances of excitability, especially extrasystoles and 
AFib, are more common than are disturbances of conduction, the 

majority of which are AV blocks. 1 '— 7 

The hemodynamic consequences of cardiac arrhythmias 
depend on at least eight factors: (1) the ventricular rate, (2) the 
duration of the abnormal rhythm, (3) the temporal relationship 
between the atria and ventricles, (4) the sequence of ventricular 
activation, (5) inherent myocardial and valvular function, 
(6) cycle length irregularity, (7) drug therapy, and (8) extracar¬ 
diac influences* 1 - 3 Ultimately, the sum of these factors—not just 
the appearance of the ECG—determines the impact of the 
arrhythmia on the patient. This is the reason that some animals 
with ventricular tachycardia (VT) are asymptomatic, whereas 
others are moribund. 

Identification of Rhythm Disturbances 

Today most clinical electrocardiography in veterinary medicine 
relies on single-lead, in-hospital ECGs, Multilead ECGs provide 
additional level of information that is sometimes indis¬ 
pensable (see Figure 202-10), Ambulatory ECG is an effective 
and increasingly popular method for detecting intermittent 
rhythm disturbances or identifying the frequency of arrhythmias 
over a period of time (see previous discussion). 

Rhythm disturbances are identified on the ECG using a 
methodical four-point examination. First, a rapid, cursory 
valuation from left to right of the entire tracing gives a general 
idea of the cardiac rhythm and an initial diagnostic orientation. 
This step reveals whether a single rhythm or many rhythms 
exist. (Are all QRS complexes of the same morphology 7 Are 
the R-R intervals the same, or do they vary? If so, does the 
variation occur in a predictable manner?) One grossly assesses 
the heart rate (slow, normal, or fast), whether the rhythm is reg¬ 
ular or irregular, and detects premature or delayed complexes. 

Second, the R-R intervals are evaluated in representative 
sections of the entire tracing {Figure 202-22}* In cats, vari¬ 
ability of the R-R interval is not normally seen and is 


segment of ECG information in the monitor's permanent 
memory. Several episodes can thus be recorded over a number 
of days and then decoded either at the veterinary hospital or 
transtelepIronically* Event monitors usually record only one 
lead, although newer models may record two leads. The dif¬ 
ference between the two types of event monitors is that one 
is external, whereas the other is implanted subcutaneously. 
External event monitors are approximately the size of a deck 
of cards and require standard commercial [e.g., AA) batteries 
that provide 5 to 7 days of monitoring time. 474 * 11 the batteries 
run out, all acquired episodes are deleted* External event 
monitors are connected to patients using two or three wires 
attached to cutaneous ECG patches, one on each side of the 
chest over the heart (modified precordial lead). The memory 
capacity of external event monitors ranges from 5 to 18 minutes, 
and the m o nito rs are program m e d before h and to save a selected 
amount of ECG information (e,g*, 45 seconds preceding the 
push of the button and 15 seconds after it for each triggered 
episode). They are available for use from various sources, 
including many of those listed previously for Hoi ter monitors. 
Internal event monitors are implanted subcutaneously. 5152 
They measure 0.5 x 2x7 cm, about the size of a man s thumb, 
have a battery life of 1 year or more, and have a memory 
capacity of about 1 hour of ECG recording. The information 

they capture is retrieved after the episode is over, using a 

bandheld unit placed over the area of skin where the monitor 
is located. Th e use of b oth types o f event m on i tors is o f prove n 
diagnostic value in humans; both external, and to a much lesser 

far, internal, monitors are in use in small animal 
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cnees are 


extent so 


patients . 23-25 ' 47 ' 4 *' 51 ' 53 

Each form of ambulatory ECG monitoring has its relative 
merits. 47 Holter monitors are superior for screening the number 
of abnormal heartbeats on the ECG in a fixed 24- or 48-hour 
period, such as for assessing boxers for familial arrhythmic heart 
disease or for the evaluation of animals receiving systemic exper¬ 
imental drugs. 23 ' 25 ' 3945 ** 4 Holter monitors are also superior for 
therapeutic monitoring of antiarrhythmic drug effects^ and 
recently have been shown to provide predictive information 
regarding the future development of dilated cardiomyopathy 
in Doberman pinschers, often before the earliest echocardio- 
graphic changes. 55 50 Conversely, external event monitors also 
have a number of advantages: they are smaller and lighter (3.5 oz 
[100 g], compared with 14 oz [400 g] for a Holter monitor), 
a king them practical for cats and small dogs; they have a 
longer memory (up to 1 week), which is useful for episodes 
occurring less frequently; they eliminate some uncertainty of 
interpretation by directly associating the ECG information 

observed event; and they can transmit information 


severe 


m 


with an 

transtel ephoni c ally, allowing the monitor to be reset and a 

monitoring period to begin without a return visit to the 
hospital. Both Holter and external event monitors are costly 
electronic devices carried by patients that can damage them, 
and owners must be instructed to avoid their pets' exposure 
to moisture, extremes of temperature, and rough handling of 
the monitors. 


new 


an 


CLASSIFICATION OF CARDIAC RHYTHM 
DISTURBANCES 


e\ 


A useful and practical classification scheme is one that sepa¬ 
rates cardiac arrhythmias into three groups: (1) disturbances 
of impulse formation (cardiac excitability), (2) disturbances 
of impulse transmission (cardiac conduction), and (3) com¬ 
plex disturbances involving abnormalities both of excitation 
and conduction. Some rhythm disturbances fit poorly into 
any category. Some disturbances of cardiac excitability are 

dary to conduction disturbances (e.g., junctional or 
ventricular escape rhythms). Disturbances are listed according 
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inputs to the heart generally tilts in favor of the parasympa¬ 
thetic system. This characteristic is in contrast to the average 
adult human or cat. This vagal predominance in the dog pro¬ 
duces two particular features of sinus rhythm on the canine 
ECG; (1) RSA and (2) wandering pacemaker (WP). 

RSA is the result of vagal effects that occur within the 
thorax during each respiratory cycle [see Figure 202-12). In 
dogs it is a normal physiologic phenomenon requiring no 
treatment. The result is a correlation between heart rate and 
respiratory rate, with slowing of the heart rate during expira¬ 
tion and acceleration of the heart rate during inspiration. The 
repeating cyclic nature of this arrhythmia is its hallmark. RSA 
is first noted in the puppy after 4 weeks of age, 1 generally dis¬ 
appears when the heart rate exceeds 150 bpm, 1 - 2 and often is 
enhanced when severe dyspnea is present (pneumothorax, 
fibrosis, emphysema) due to exaggerated changes in intratho¬ 
racic pressure. 1 Interestingly the presence of RSA may consti¬ 
tute a valuable diagnostic clue in a common clinical situation, 
mely in the coughing, small- to medium-breed adult dog. It 

for these dogs to have concurrent mitral valvular 
heart disease (typical murmur is auscultated) and a primary 
respiratory disorder such as collapsing trachea or chronic bron¬ 
chitis. It may be difficult to pinpoint whether congestive heart 
failure (CHF) or a primary respiratory problem is responsible 
for the animal's cough, yet the need for immediate and long¬ 
term treatment and the prognosis both depend on knowing 
which disease process is the cause of the cough. The presence 
of RSA makes decompensated mitral valvular disease as the 
sole cause of the cough highly unlikely, because the cardio¬ 
genic pulmonary edema of CHF would almost invariably bring 
increased sympathetic tone and loss of RSA. In cats in the 
hospital setting, RSA generally is considered pathologic. 

fn the treatment of CHF with tachycardia (sinus or other 
supraventricular], successful digitalization may bring about 
the reappearance of RSA. This return of RSA is due to the 
reactivation of baroreceptors, which had been dow r nregulated 
("exhausted") by the ongoing sympathetic stimulation of 

heart failure. 
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Figure 202-23 Artifact producing a wide, bizarre deflection in 

a dog. This is not an abnormal depolarization of the ventricles 
because the T wave is normal. Abnormal depolarization would 
invariably be followed by different or "abnormal" waves of repo¬ 
larization (see Figures 202-32, 202-33, 202-35, and 202-36). 
Lead V z , 25 mm/sec, 1 cm 










1 mV, 


considered pathologic. 58 In dogs, a cyclical (i.e., rhythmic, 
patterned) variation of the R-R interval, respiratory sinus 
arrhythmia (RSA), is normal (see Figures 20242 and 202-22). 
Irregularly irregular R-R variations are always abnormal in both 
species (see Figure 202-22)* 

Third, the examination of individual QRS complexes consists 
of determining whether they are narrow or wide. Narrow QRSs 
generally identify ventricular depolarization of supraventricu¬ 
lar origin (e g., Figure 202-16).Wide QRSs represent the asyn¬ 
chronous depolarization of the two ventricles, which may be 
due to the ventricular origin of a depolarization, to BBB, or to 
pre-excitation (see following). Because repolarization follows 

directly in the wake of the wave of depolarization, then a QRS 

T wave of 


na 


is common 


complex of abnormal shape should also have 
abnormal or different shape. If the T wave is normal, the pos¬ 
sibility of artifact, rather than a truly abnormal QRS, should be 

considered (Figure 202-23). 

Fourth, examination of the P waves (present, absent- posi¬ 
tive, negative; see Figure 202-13) provides information on the 
depolarization of the atria. Examination of the PR interval 
(1) determines if a P wave exists for every QRS complex and 
a QRS complex for every P wave (to assess A-V synchrony) 

AV nodal conduction (PR interval duration) 


on 


58 


and (2) 

(see Figure 202-2). 

Finally, the basic underlying rhythm and any additional or 
secondary rhythms that are superimposed are identified. 
Normally a P wave exists for every QRS complex (an atrial depo¬ 
larization for every ventricular depolarization). Abnormalities 

causing more than one P wave for each QRS complex include 
second- and third-degree AV blocks, and abnormalities pro¬ 
ducing QRS complexes without P waves include ventricular 
arrhythmias, A Fib, and atrial standstill. 


Wandering pacemaker WP is a normal, physiologic 
phenomenon in dogs that is not associated with pathologic con¬ 
ditions and requires no treatment (see Figure 202-12), In the 
dog the origin of depolarization in the heart is not fixed but may 

within the RA, between the SA node and the AV node. 


move 

On the ECG the result is variation in the P wave amplitude, 

with QRS complexes that retain 
appearance. This variability in the P wave is often cyclic and 
often associated with RSA (see Figure 202-12). In this situation 

the amplitude of the P wave increases with an increased heart 
rate (inspiration) and decreases with decreased heart rate (expi¬ 
ration), sometimes to the point of disappearance (isoelectric 
P w T ave) or, rarely, negativity in leads II, III, and aVF, 12 The ECG 

differential diagnosis for WP includes morphologic abnormali¬ 
ties (e.g., P pulmonale) and supraventricular extrasystoles. In 

individuals with marked resting vagal tone (e.g., brachy- 
cephalic dogs), an exaggerated hut normal RSA and WP may be 
difficult to distinguish from a pathologic arrhythmia, namely 
PACs (supraventricular extrasystoles). Both PACs and the com¬ 
bination of WP and RSA produce a P wave of different mor¬ 
phology, a shorter R-R interval, and QRS complexes of normal 
morphology. Differentiation rests on the degree of prematurity 
(WP and RSA should not occur so prematurely as to produce a 
P wave inside the preceding T wave), and the appearance of a 

of such beats closely coupled to each other 


normal, supraventricul ar 


Disturbances of Excitability 

An important subdivision involves classifying disturbances of 
excitability broadly as disturbances of supraventricular excitabil- 

including STach, atrial extrasystoles (premature atrial 
complexes [PACs]), atrial tachycardias, atrial flutter, and AFib; 
disturbances of ventricular excitability, including ventricular 

extrasystoles (PVCs, VPCs), VT, TdP, ventricul a r fl utter, an d VF. 
The inciting factors that produce the arrhythmias in these two 
subgroups are often specific to the subgroup, and antiarrhythmic 
treatment is also sharply different between the two subgroups. 

Disturbances and Alterations of Sinus Excitability These 
arrhythmias are variations of sinus rhythm (see Figure 20246}, 
and are most commonly linked to normal, autonomic inputs. 
They may sometimes be abnormal and then are potentially 
detrimental. For example, STach is a normal and appropriate 
physiologic phenomenon during exercise, but it is commonly 
encountered in heart failure where, pathologically, it occurs 

even at rest. 

Respiratory (normal) sinus arrhythmia (RSA) In the dog 
the balance between the sympathetic and parasympathetic 


59, so 


ity 


or 


as 


some 


senes or paroxysm 

(corresponding to multiple supraventricular extrasystoles [L 
supraventricular tachycardia], not RSA). If neither characteristic 
is apparent, a Bolter monitor can be used for assessing a large 
number of heartbeats (see previous discussion), or an atropine 
response test (see previous discussion) can be performed to 
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The causes of STach are diverse and are all marked by sym¬ 
pathetic predominance over parasympathetic inputs. Treatment 
of this arrhythmia is therefore aimed at the underlying 
when one exists. To slow a STach is only indicated if the tachy¬ 
cardia itself is producing clinical signs and is poorly controlled 
with treatment of the underlying disorder. For exam 
hyperthyroidism, a beta “blocker 
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with antithyroid treatment. (Antiarrhythmic drugs to consider: 
class II.} 
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Figure 202-24 Sinus bradycardia (SB) in a dog. The heart rate i 
50/min, Lead II, 25 mm/sec, 1 


is 


1 mV. 


cm 


Disturbances of Atrial Excitability Disturbances of atrial 
excitability are common, especially in the dog. Indeed, in the 
most common forms of heart disease in dogs (endocardiosis, 
cardiomyopathy, many congenital malformations), atrial dis¬ 
tension leads to pathologic disorganization of the atrial tissue, 
which can then generate atrial hyperexcitability (and possibly 
conduction disturbances as well). 


abolish the vagal effect and seek out persistently premature 
heartbeats with a different P wave morphology and normal QRS 
complexes (i,e, r PACs, in the absence of vagal tone)* 

Sinus bradycardia Sinus bradycardia (SB) is a sinus rhythm 
in which the heart rate is abnormally low (see Boxes 202-1 
and 202-2; Figure 202-2-4), A 1:1 ratio of normal -appearing 
QRS complexes and P waves exists. Although some approxi¬ 
mate normal ranges of heart rate exist for dogs and cats ( 

Boxes 202-1 and 202-2), the notion of bradycardia varies 

according to species, body weight, age, and breed, with larger, 
older, or brachycephalic dogs tending to have slower heart 
rates than average, and cats having normal heart rates that 
markedly influenced by environmental stimuli* 

SB generally indicates the physiologic (eg., brachycephalic, 
athletic individual) or pathologic (e.g., systemic intoxication) 
predominance of the parasympathetic system, A diagnostic aid 

response to an intravenous injection of atropine (see pre¬ 
vious discussion). 61 In general, only severe bradycardias directly 
linked to overt clinical signs {syncope, malaise, seizures) warrant 
specific treatment with drugs or pacemaker implantation, and 
SB is rarely the primary cause of such clinical manifestations. 
One exception is the instantaneous transition from a tachycardi 
to SB (or other bradycardia [e.g*, ventricular escape rhythm]; 

in a debilitated, unstable, often 
patient. Such a rapid change may herald an upcoming cardiac 
arrest and should be addressed with assessment of the patient for 
underlying causes and preparation for cardiopulmonary 
citation* 62 (Antiarrhythmic drugs to consider: none; parasym- 
patholytics; sympathomimetics; rarely pacemaker.) 


Atrial extra systoles Atria! extrasystoles (synonyms: PACs 
or premature atrial contractions, atrial premature complexes 
or contractions (APCs), atrial premature depolarizations) 
premature depolarizations that originate in an ectopic atrial 
focus (Figure 202-26), Identification of atrial extrasystoles i 

based on a combination of two 


is 


or more of the following five 
abnormalities but always must include the first two points: 
(1) prematurity of the P-QRS-T sequence; (2) QRS complexes 
that have a supraventricular appearance, in that they are 
narrow and comparable in shape to the sinus QRS complexes 
(rarely, QRS complexes may be absent or widened in cases of 
atrial extra systoles that are exceptionally early and thus 
during the total or partial refractory period, respectively); 
(3) a P wave of different amplitude than sinus P waves, including 
negative, biphasic, or positive P waves, but always preceding 
the QRS complexes; (4) a P-R interval that is often different 
from the sinus PR interval, be it shorter or longer, 2 and (5) a 
postextrasystolic pause that most often is noncompensatory 
(Figure 202-27), The pathogenesis of atrial extrasystoles is 
most commonly related to a structural cardiac (atrial) lesion. 
Distension of the atria is the main cause of these ectopic foci, 
but atrial tumors (hemangiosarcoma), hyperthyroidism in the 
cat, digitalis toxicity, and other systemic disturbances also 
recognized causes.3 Clinical repercussions of atrial extrasystoles 
are minor, except in cases of multiple repeated bursts (Atrial 
Tachycardias, following), and the main interest in identifying 
atrial extrasystoles on an ECG is to add weight to a suspicion 
of atrial disease. Treatment for atrial extrasystoles is therefore 
first aimed at addressing the underlying cause rather than 
resorting to anti arrhythmic drugs specifically. 
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Sinus tachycardia STach is a sinus rhythm that occurs at 
an elevated rate (see Boxes 202-1 and 202-2; Figure 202-25). 

The wide range of resting heart rates in normal cats and dogs 
makes the cut-off between NSR and STach an approximate one* 
In dogs, STach exists when the increase in heart rate (P-QRS-T 
complexes of normal sinus origin) gives rise to the loss of RSA, 
the latter being a normal physiologic phenomenon in the dog 
(see previous discussion; see also Figure 202-12). Diagnosing 
this arrhythmia on the ECG can be difficult when the heart 
rate is extremely elevated, causing T and P waves to blend 
together. Carotid sinus massage, which temporarily slows the 
heart rate, separates the P and T waves, and clarifies that the 
tachycardia is of sinus origin ( 


Atrial tachycardias An atrial tachycardia (supraventricu¬ 
lar tachycardia) 


series of atrial extrasystoles occurring at 
rate greater than sinus rhythm (Figure 202-28)* It may be inter¬ 
mittent or continuous, and the impulses may all be transmitted 
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Figure 202-26 Premature atrial complexes (PACs) in a dog. Two 
PACs are seen in the middle of this lead II strip; the first is more pre¬ 
mature th an the second one (25 mm/sec; I 


L J 


I 


Figure 202-25 Sinus tachycardia (STach). The heart 

200/min in this dog with chocolate (theobromine) toxicity. Lead II 
25 mm/sec, 1 cm 


rate is 


I mV). Premature 

P waves (arrows) of a different morphology than the sinus P waves and 
QRS complexes of the same shape as sinus QRS complexes are noted. 
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Figure 202-28 Supraventricular tachycardia. A burst of pre¬ 
mature [rapid) QRS complexes is seen in the middle of the tracing. 
The QRS complexes are of the same shape as sinus QRS complexes. 
No clinical signs were present in this older Golden retriever dog, 
either at admission or during follow-up, and an echocardiogram 
was unremarkable. Lead II, 25 mm/set, 1 cm 
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purpose subjectively appears to be much less effective in dogs 
than in humans. Causes for atrial tachycardias are the same as 
those listed for atrial extrasystoles (see previous discussion). 
The clinical impact of an atrial tachycardia depends on its dura¬ 
tion, rate, and underlying cardiac lesions. Intermittent AV block 
can limit the ventricular rate and may lessen clinical impact in 
cases of rapid atrial tachycardias. Atrial tachycardias often pre¬ 
cede the development of AFib. Treatment of the underlying dis- 

essential part of managing these arrhythmias. 
(Antiarrhythmic drugs to consider: digoxin, class II, IV.) 

Atrial flutter Atrial flutter is characterized by a rapid and 
regular series of atrial depolarizations, without a rest phase 
between atrial depolarizations (see Figure 202-19). Identification 
of this arrhythmia is therefore based on the occurrence of 
(1) rapid, rhythmic waves of atrial electrical activity referred to 
as flutter (F) waves, usually occurring at a very high rate (often 
> 300/min); (2) absence of a return to baseline of the F waves 
(giving a “saw tooth" baseline appearance); (3) QRS com¬ 
plexes of a supraventricular appearance; and (4) a variable 
irregularly irregular R-R interval. Atrial flutter is different from 
other atrial tachycardias in that no return to the isoelectric 
baseline occurs after each atrial depolarization in atrial flutter. 
This diagnosis may be very challenging when each flutter wave 
is transmitted through the AV node to the ventricles. Such 1:1 
conduction leaves the F waves buried in the preceding QRS com¬ 
plexes, which complicates the diagnosis (see Figure 202-19), 
Atrial flutter occurs as a result of a macro re-entrant circuit 
within one atrium—an abnormal, self-perpetuating cyclical elec¬ 
trical loop in the atrium in which an endless circle of electrical 
conduction can be initiated through atrial stretch, for example. 
Termination of atrial flutter can occur spontaneously, but treat¬ 
ment is necessary when a persistently high ventricular rate occurs. 
Treatment most commonly aims to control ventricular rate (see 
Atrial Fibrillation, following). Permanent abolition of atrial flut¬ 
ter is achieved w r ith radiofrequency catheter-based interruption 
of the flutter circuit (see Radiofrequency Ablation, following). 

Atrial fibrillation AFib is a common and important 
arrhythmia. It represents 14% of all canine arrhythmias, 
including a 50% incidence in cases of dilated cardiomyopathy 
in dogs, and it can bring on clinically overt hemodynamic 
changes requiring specific treatment, 64 A prevalence of AFib 
in up to 2% of the human population is estimated, 59 65 66 but 
a similar statistic is not available in veterinary medicine. AFib 
is characterized by complete electrical disorganization at the 
atrial level, leading to a chaotic, rapid series of atrial depolar¬ 
izations (400 to 1200 per minute) [Figure 202-29). In AFib, 

the AV node acts as a "gatekeeper" for this chaotic electrical 
activity, allowing only those electrical depolarizations with opti¬ 
mal intensity, timing, and orientation to pass through to the ven¬ 
tricles and thus controlling the ventricular rate to some extent. 

The three ECG characteristics of AFib are (I) supraven¬ 
tricular-appearing QRS complexes (narrow, upright, and of 
only slightly variable amplitude in lead II, unless ventricular 
aberrancy/BBRs are concurrent); (2) an irregularly irregular 

Text continued on p. 1059 


Compensatory 

pause 
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PVC 


Interpolation 


I 


ease is an 


Figure 202-27 Schematic representations of normal sinus 
rhythm (NSR) and premature complexes. NSR: The heart rate 
remains constant, and the interval from P to P or from R to R does 
not change. Resetting: A premature atrial complex (PAC; beat 3) 
resets the sinus rhythm so that the period from the beginning of 
the premature P waves to the next normal P wave is equal to 
exactly one P-P interval. Resetting with pause: The PAC (beat 3) is 
followed by a pause greater than one P-P interval but less than 
two P-P intervals. Both resetting and resetting with pause are 
examples of noncompensatory pauses (the rhythm of the SA 
node is affected by the premature beat, which alters the 5A 
node's ability to provide a normally-timed, ' compensatory" beat 
after the premature beat). Compensatory pause: The premature 
ventricular complex (PVC, beat 3) is followed by a compensatory 

pause; that is, the period from the normal P wave in the beat pre¬ 
ceding the PVC to the normal P wave of the beat after the PVC 
is equivalent to exactly two P-P intervals. The sinus P wave occurs 
on time, but it is not conducted through the atrioventricular (AV) 
node to the ventricles, which are in a refractory state due to the 
PVC Interpolation: A PVC (beat 3) occurs between two normal 
sinus complexes without disrupting normal rhythm. Because of 
concealed conduction into the AV node, interpolated PVCs com¬ 
monly delay AV nodal transmission of the next beat, which man¬ 
ifests as prolongation of the PR interval for the heartbeat that 
follows the interpolated PVC (see also Figure 202-32).This char¬ 
acteristic is useful for differentiating interpolated PVCs from 
motion artifact. 


p 


59 


to the ventricles or AV block may be noted in some instances. 
The exact mechanism of atrial tachycardias can involve micro 
re-entry i in tra-atrial re-entrant tachycardia) or spontaneous 
automaticity of an ectopic atrial focus (automatic atrial tachy¬ 
cardia). 59 ' 63 Identifying intermittent atrial tachycardias is 
usually straightforward: the ECG shows a burst of atrial extrasys¬ 
toles. Establishing a diagnosis of sustained atrial tachycardia 
may be difficult, however, because P waves may not be dearly 
evident, each one potentially being buried within the previous 
QRS complex. Differentiation between sustained atrial tachy¬ 
cardia and "high" ventricular (i.e., originating near the AV node) 
tachycardia can therefore be helped by exteriorizing the P waves, 
which can be elicited with a vagal maneuver (see previous dis¬ 
cussion) and subsequent slowing of the tachycardia or even sinus 
capture (resumption of sinus rhythm). The same goal may also 
be reached pharmacologically using graded doses of such intra¬ 
venous agents as propranolol, esmolol, edrophonium, or phenyle¬ 
phrine (Table 202-1). Intravenous adenosine used for this 
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Figure 202-29 Atrial fibrillation [AFib), The irregularity of the 

rhythm is less apparent when the ventricular rate is fast, as when 
this dog with dilated cardiomyopathy and congestive heart failure 
(CHF) was first evaluated [left panel, ventricular rate = 280/min). 
Diuretics, digoxin, and eventually beta-blocking therapy led to good 
rate control and a clearer electrocardiogram (ECC) diagnosis (right 
pawl t ventricular rate = 135/min). Lead II, 25 mm/sec, 1 cm — 1 mV. 
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Figure 202-30 Atrial fibrillation (AFib) with right bundle 
branch block (RBBB).This impostor for ventricular arrhythmia is 
distinctive in its irregular R-R interval and its response to vagal 

maneuvers. Lead 11, 25 mm/sec, 1 cm 


rhythm, with ventricular rates that may be low, normal, or 
most commonly without treatment, high; and ( ) no visible 
P waves (replaced by a fine undulation of the isoelectric line, 
termed / The absence of organized atrial depolariza¬ 

tions can have hemodynamic, and therefore clinical, conse¬ 
quences during physical activity or in patients with advanced 
stages of structural heart disease. During diastole, active filling 
is associated with the P wave (Le. f atrial contraction), which 
can account for up to 30% of total ventricular filling. Its absence 
therefore can reduce ventricular volume to su bo primal levels, 
producing overt clinical signs during exertion. Furthermore, 
the rapid overall ventricular rate, as well as the premature 
occurrence of some individual QRS complexes, bring about 
poor diastolic filling. For these reasons, some contractions may 
be ineffective intermitterdy and one or more ausculted heart¬ 
beat, may be without a corresponding palpable arterial pulse 
(Le., pulse deficit), AFib is one of the few arrhythmias that 
may be suspected from the moment of auscultation and pal¬ 
pation during the physical examination, based on the chaotic 
irregularity of the cardiac rhythm on auscultation and palpa¬ 
tion of the chest, together with pulse deficits. Polymorphic VT 
and frequent PVCs, however, should be included in the dif¬ 
ferential diagnosis of this physical exam finding (see follow¬ 
ing), Counterintuitively, high vagal tone (e.g., from concurrent 
gastrointestinal [GI] disease) predisposes to AFib, because 
parasympathetic stimulation of atrial myocytes accelerates 
their repolarization in a heterogeneous fashion, which 
increases the likelihood of the initiation of arrhythmia, 

A major diagnostic impostor on ECG is the combination of 
AFib and BBB (Figure 202-30), which produces wide QRS 

complexes and therefore can appear to mimic VT, but without 
P waves to conclusively indicate AV association (BBB) or dis¬ 
sociation (VT). In such a situation, a vagal maneuver can be 


1 mV. 


performed, and its effect on the AV node could reduce the 
ventricular rate with AFib + right bundle branch block 
(RBBB) but not with VT, In addition, sustained, monomor- 
phic VT is generally characterized by regular R-R intervals 
whereas AFib with BBB is not. 

AFib in dogs most often is caused by primary, underlying 
cardiac disease However, AFib may also occur in individuals 
with structurally normal hearts e.g*, anesthesia, hypothy¬ 
roidism, rapid, large-volume pericardiocentesis, GI disease 
volume overload causing atrial stretch) if those hearts contain 
sufficient atrial myocardial mass to permit fibrillation (Le, 
medium to large breed dogs)* 67 In giant breed dogs, particularly 
the Irish wolfhound, AFib commonly occurs in otherwise 
healthy dogs with grossly normal atria (Le, lone AFib). 67 -^ fa 
remains to be determined whether those patients with AFib 
and structurally normal hearts that progress to dilated car¬ 
diomyopathy do so because of their arrhythmia, or whether, 
conversely, AFib is only the arrhythmic prelude to a disease 
that later causes dilation and systolic dysfunction. 

In cats, AFib occurs uncommonly and is virtually always 
associated with structural heart disease causing atrial enlarge¬ 
ment. 69 Most cats have clinical signs suggesting heart failure 
(e.g., dyspnea) or thromboembolism at the time of diagnosis 

of AFib, but 20% to 25% of cases of AFib in cats are discov¬ 
ered incidentally (e.g,, during a routine annual examination) 
and as such, this arrhythmia may be an early manifestation of 
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Table 


202-2 


Comparison of Ectopic Beats of Supraventricular or Ventricular Origin 


VENTRICULAR 


SUPRAVENTRICULAR 


FEATURE 


Common 

>10% different from sinus QRS 
No; Ps occur regularly throughout tracing, 
but independently of QRSs 
Different from sinus T wave 
Usually compensatory 


Wide, bizarre QRS complexes 
QRS complex shape 
P wave for every QRS 


Very rare 

Same as sinus QRS 

Yes; often of different shape 


Same as sinus T wave 

Usually noncompensatory 


T wave 

Postextrasystolic pause (see Figure 202-27) 
QRS fusion beats as hallmark 
Positive response to vagal maneuver 


Yes 


No 


Virtually never 


Possible 
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heart disease in some cats. A Fib does not clearly influence 
vival negatively in cats compared with the prognosis 
ated with the underlying heart diseases proper. In a subgroup 
of 24 cats with AFib and known survival statistics, 21% lived 
between 6 and 12 months after the diagnosis of AFib and 33% 
survived 1 year or more, 69 

AFib usually is a persistent, permanent arrhythmia. It does 
occur paroxysmally in the dog 70 and very rarely so in the cat. 
Paroxysmal AFib usually is of short duration and in most cases 
progresses to persistent AFib because of severe underlying 
cardiac disease (usually atrial enlargement}. 

In most cases of AFib, two goals of treatment exist: (1) 
aging the underlying heart disease and (2) maximizing cardiac 
output by controlling (slowing) the rate of conduction through 

the AV node if needed (see Figures 202-29 and 202-33). The 

approach of letting the atria fibrillate and concentrating on ven¬ 
tricular rate control, rather than attempting to convert the AFib 
to sinus rhythm, was recently supported by the results of a 
prospective study of 4000 human AFib patients. It was found 
that converting the AFib back to sinus rhythm brought no sig¬ 
nificant benefit in terms of survival, and that conversion carried 
a h i gher risk of adverse e fleets. 71 As a rul e, bet a -bl ockers, calcium 
channel blockers, or both are given in low initial doses and up- 
titrated to effect, typically over a period of days to a few weeks, 
based on heart rate, Subsequendy, even once an acceptable range 
of heart rates has been reached, periodic drug dose adjustments 
(e.g., re-evaluation every 3 to 6 months, sooner if problems 
occur) are usually necessary to maintain good rate control. 

In small animal medicine, the ideal ventricular rate varies 
for each patient depending on many factors, including stage of 
CHF and body weight. One substantiated guideline suggests a 
target ventricular rate for dogs with AFib weighing 20 to 25 kg 
of approximately 3 30 to 145 bpm, 72 A recent study compared 
ventricular rates in canine AFib obtained on careftil physical 
examination by trained persons including cardiologists to the 
rate obtained simultaneously by ECG. The level of accuracy 

ranged from 64% to as low as 12% for veterinary students and 
some veterinarians. 73 Follow-up monitoring of ventricular rate 
control relies on repeated ECGs rather than physical exams 
alone. (Antiarrhythmic drugs to consider: digoxin; class II 
class IV agents; combination therapy is often most successful and 
produces fewer adverse effects than high doses of a single drug.) 

Disturbances of Ventricular Excitability Disturbances of 
ventricular excitability are important because they involve the 
main element in the cardiac pump, and may therefore have very 
severe hemodynamic and clinical repercussions. However, it 
must be recognized that ventricular arrhythmias have very 
diverse mechanisms and causes (especially noncardiac}, such 
that severity, treatment, and prognosis depend on more than 

ECG findings alone. 

Ventricular Ectopy: Premature Ventricular Complexes r 
Accelerated Idioventricular Rhythm t and Ventricular 
Tachycardia 

Ventricular extrasystoles or premature ventricular 
complexes Ventricular extrasystoles (synonyms: premature 
ventricular contractions, beats, or depolarizations [PVC; VPB, 
VPC, VPD, ventricular ectopy]) are premature depolariza¬ 
tions generated by an ectopic focus located in the ventricular 
tissued ^3 -45. 74 These arrhythmias are the most common of all 

rhythm disturbances, 6 ' 1 Their identification often is simplified by 
the wide QRS complexes they generate, which have a different 
morphology (shape) than normal sinus QRS complexes. Most 
ventricular extrasystoles have a wide, often bizarre-appearing 
QRS complex i >0.07 second in dogs), without an associated 
P wave, and a different (often very large) associated T wave 
(Figures 202-32 and 202-33), Single PVCs are usually followed 


by a compensatory pause (see Figures 202-27 and 202-33} but 
may be interpolated instead (see Figures 202-27 and 202-32). 
Multiples of two PVCs are referred to as a pair, 1:1 alternation 
between sinus beats and PVCs is referred to as bigeminy; and 
three or more PVCs in a row constitutes ventricular tachycar- 

following). Trigeminy describes a repeating 
pattern of either 2:1 PVC$:sinus beat, or 2:1 sinus beats:PVG 

For purposes of identifying an underlying cause and for 
accurate therapy, it is important to differentiate ventricular 
extrasystoles from FACs (see Table 202-1). It is also essential 
to differentiate ventricular extrasystoles from the other major 
causes of widened QRS complexes: (I) morphol ogic ch anges due 
to cardiomegaly and axis shift (see Figure 202-8); (2) intra¬ 
ventricular conduction disturbances within the bundle branches 
(see Figures 202-44 and 202-45); (3) abrupt motion or other 
artifact (see Figure 202-23); and (4) the wide but non pre¬ 
mature QRS complexes of ventricular escape beats (see 
Figure 202-42, a ). These four causes for wide QRSs are not 
ventricular arrhythmias, do not involve a pathologic focus in 
the ventricle, are not associated with a disproportionately high 

occurrence of VT/VF, and therefore are not treated with anti- 
arrhythmic drugs. 

Causes of ventricular extrasystoles include virtually any 
cardiac or systemic disorder, 75 with the most common of these 
including such primary cardiac diseases as cardiomyopa- 
thy, 5 5,56.76 valvular heart disease, congenital heart disease, and 
endocarditis 77 and such systemic problems as hypokalemia, 
anemia, hypoxia, blunt trauma, 78 gastric dilatation-volvulus, 79 80 
abdominal masses (commonly splenic or hepatic) 81 ' 83 intoxica¬ 
tion, and acidosis. Normal dogs will commonly have up to 24 
PVCs daily as recorded on Hoi ter studies. 22 - 23 In cats, ventric¬ 
ular extrasystoles seem to be associated predominantly with 
cardiomyopathy rather than extracardiac causes. The most 
challenging aspect of managing ventricular extrasystoles 
the evaluation of their severity and the assessment of the need 
for treatment (see Ventricular Tachycardia and treatment dis¬ 
cussions, following). Evaluation of causes and whether to treat 
ventricular ectopy are discussed under Ventricular Tachycardia, 
following. 

Two specific diseases of dogs are almost exclusively 
arrhythmogenic, producing PVCs and VT, and often overt 
clinical manifestations of acute arrhythmia (malaise, syncope, 
Stokes-Ad a ms seizures, or sudden death) as the chief abnor¬ 
mality. Familial ventricular arrhythmia of Boxer dogs (Boxer 
cardiomyopathy, arrhythmogenic RV cardiomyopathy and 
dysplasia) causes ventricular extrasystoles and VT, 84 - 85 Initially 
no thoracic radiographic or echocardiographic changes are 
seen, although individuals with disease that is more advanced 
may have dilated cardiomyopathy (see Chapter 203, Canine 
Myocardial Diseases). No sex predilection has been found, 
and it is suspected that the syndrome is inherited as an auto¬ 
somal dominant trait (no carriers). 45 The causative lesion is a 
degeneration of myocytes in the outflow tract region of the 
RV, as supported by histopathologic studies 84 and the typical, 
left BBB-like appearance of the PVCs indicating their RV 
origin. 74 In many cases the ventricular arrhythmia is an inci¬ 
dental finding in Boxer dogs that otherwise appear normal. 
These occult, latent cases are predisposed to developing clini¬ 
cal signs later in life, having offspring with the disease, or both. 
Also commonly, familial ventricular arrhythmia of Boxers 
produces overt clinical signs that are the patient's chief 
plaint. Overt arrhythmic manifestations range from aborted 
syncope (episodes of stumbling or ‘drunken appearance) to 
true syncope, sudden cardiac death, or both, 46 - 84 These events 
may be triggered in some cases by intense sympathetic activity, 
including excitement and physical exertion, and thus 


sur- 

associ- 


dia (VT; 


man- 


re ma ins 


or 


com¬ 


are man¬ 
aged by avoiding circumstances that trigger such behavior. 
Since its original description, 84 the disease seems to coexist less 
commonly with grossly dilated ventricles, poor contractility, or 
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Atrial fibrillation (AF) 








Do the patient's electrocardio¬ 
grams (ECGs) show that the 
AF began in the preceding 

72 hours? 












Yes 


No 




Are the atria structurally normal 
(x-ray, echocardiogram) 


Treatment for 
chronic AF 


I 


Yes 


No 


i 




Does th e pat i ent h ave 


Consider conversion 
(atrial defibrillation) 
or watchful waiting 


Treat for 
chronic AF 


cardiogenic 


pulmonary edema? 


i 


Yes 


No 


Electrical (with 


Watchful waiting if rate is 
not excessive 
Triggering event gone? 

- Gastric dilation-volvulus 


short-acting 


Is the ventricular rate rapid? 
>140 bpm (big dog) 

> 180 bpm (small dog) 


Treat with furosemid© 


intravenous [IV] 
general anesthe¬ 
sia) at 100 to 200 
joules 

Amiodarone 


* 




(GDV) 


* >240 bpm (cat) 


- Other gastrointestinal 

or vagal event 

- Addison's disease 


Has pulmonary edema 

resolved? 


No 


Yes 


Sotalol 

Guinidine 


i 


- Hit by car (HBC) 

- Postpericardiocentesis 

- Hypothyroidism 


No 


Treat with negative dromo- 
tropic dru g(s) (AV nodah 
delaying agents) based on 
underlying heart structure 

* Dilated cardiomyopathy 

(DC M) 

- Digoxin 

- +/- ^-blocker 

* Hypertrophic cardiomyop¬ 
athy (HCM) or left ventric¬ 
ular hypertrophy (LVH) 

- b-blocker or 

I 

- Calcium channel 
blocker (CCB) or 


anti arrhythmic 

treatment 


- General anethesia 


* 


Is the ventricular rate rapid? 

* >140 bpm (big dog) 

* >180 bpm (small dog) 

* > 240 bp m (cat) 


Is the ventricular rate excessive at rest? 

* > 180 bpm (big dog) 

* >200 bpm (small dog) 

> 300 bpm (cat) 


* 


No 


Yes 


Yes 


f 




Normal heart 

- fj-blockeror 

- Digoxin or 


« 


No additional 
treatment 


Tachycardia may be 
contributing to 
congestive heart failure 
(CHF). Consider com¬ 
bination or solo- 
negative dromot ropes 
Digoxin 

p-blockers (low, 
incremental doses) 

* CCBs 

Goal is to decrease 


■ Increase diuretic 
dose until signs 
of edema have 

improved or 

resolved or until 
maximum diuretic 
dose is reached 

• Add diuretic 
(Thiazide) 

# Give diuretic IV 
or intramuscu¬ 
larly (IM) or con¬ 
stant rate 


or 


- Combination 


Treatment with negative 
dromotrcpic drug(s) (AV nodal- 
delaying agents) based on 

underlying heart structure 

• Dilated cardiomyopathy (DCM) 
* Digoxin 

- +/- p-blocker 

• HCM or LVH 

- p-blockeror 

- CCB or 

- Both 

• Normal heart 

- p-bloekeror 

- Digoxin or 

- CCB or 

- Combination 




heart rate slightly 


(10% to 20%) 


infusion (CRI) to 


i 


improve efficacy 


Has pulmonary edema 

resolved? 


No 


Figure 202-31 Therapeutic approach to atrial fibrillation (AF|b) + 
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(<70 bpm) and true VT in terms of rate. The causes of AIVRs 
are similar to those of ventricular extrasystoles, but the lower 
ventricular rate is less compromising of diastolic ventricular 
filling time; as a result, AIVRs generally are welbtolerated. 89 
Treatment therefore is directed at the underlying cause; 
antiarrhythmic medications are not considered unless man¬ 
agement of the underlying cause is ineffective at abolishing 
the arrhythmia and the rate increases to the point that the cri¬ 
teria for VT are met (Figure 202-34). 

Ventricular tachycardia VT is a series of three or more 
ventricular extrasystoles occurring at a high rate [Figures 202-35 
and 202*36). It may be continuous (sustained) or intermittent 
(paroxysmal). Causes are the same as those listed for ventric¬ 
ular premature complexes (see previous discussion). Clinical 
manifestations are frequent (weakness, syncope, Stokes- 
Adams-type seizures) but their occurrence depends directly 
the hemodynamic consequences of the rhythm (see 
Clinical Impact of Rhythm Disturbances)* An increasingly 

rapid tachycardia, for example, will cross a threshold of ven¬ 
tricular rate beyond which a greater number of beats will not 
translate into greater cardiac output This "point of diminish¬ 
ing returns/' which is highly individual and varies according to 
the variables described previously exists because diastolic fill¬ 
ing time is most compromised at high heart rates. Thus very 
rapid VT, like any other very rapid tachycardia, can produce 
overt clinical signs of reduced cardiac output* At a lesser 
extreme, Doppler echocardiography has shown that VT may 
be asymptomatic because VT has been demonstrated in con¬ 
junction with an adequate cardiac output. This situation is 
particularly true in cases of VT at slower rates (approaching 
AIVR; see previous discussion). 

The identification of VT is easier when it is paroxysmal* 
The typical appearance is one or several series of QRS com¬ 
plexes that are widened (>0.07 second in the dog), do not 
resemble the sinus QRS complexes, are associated with giant 
T waves, are not linked to P waves, and may include capture 
beats (sinus P- QRS complexes after the paroxysm of VT) and 
fusion beats (QRS complexes with a morphology that is inter¬ 
mediate, between sinus QRS complexes and ectopic QRS 
complexes) (see Figure 202-35). Capture beats and fusion 
beats are pathognomonic for VT* In VT, P waves are present 
(the atria depolarize, but the impulse is blocked at [or just 
after] the AV node because the more rapid rhythm [VT] 
dominates the ventricles) but are often masked by QRS 
plexes* Thus the presence of P waves at regular intervals but 
not fixedly associated with QRS complexes is consistent with 
VT (see Figure 202*36)* The ECG diagnosis can become more 

challenging when VT is continuous, particularly if it is of 
septal or RV origin and thus produces QRS complexes that 

fairly narrow and that may resemble supraventricular 
complexes. Wide QRS complexes caused by other factors (see 
previous discussion of ventricular extrasystoles) must not be 
mistaken for VT 

The goals of treatment of VT are, in order: (1) to accurately 
identify the arrhythmia, (2) to eliminate or palliate predispos¬ 
ing factors that may be responsible for the arrhythmia, (3) to 
control the rhythm and rate so as to optimize cardiac output, 
and (4) to avoid detrimental side effects of anti arrhythmic 
treatment (see Figure 202*34). The desire to suppress VT to 
reduce the risk of progression to lethal arrhythmias is not 
sound. Although it is known that ventricular arrhythmias can 
degenerate into increasingly unstable rhythms, no drug has 
ever been shown to delay this progression (see Therapy of 
Arrhythmias, following). Prophylactic treatment of asymp¬ 
tomatic ventricular arrhythmias is detrimental in human 
medicine and therefore is not recommended in human 
veterinary medicine. (An ti arrhythmics drugs to consider for VT: 
none or class I, II, or III anti arrhythmics.) 
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Figure 202-32 


Premature ventricular complex (PVC). The 
classic, wide and bizarre appearance of a prematurely occurring 
heartbeat is seen. These PVCs 


are interpolated between normal 
QRS complexes (see also Figure 202-27). Lead II, 50 mm/sec, 

1 cm 


1 mV. 


both, whereas overt manifestations due to severe ventricular 
extrasystoles are now a common problem in the breed. This 
change may simply reflect increased awareness of the problem 
and early screening* Clinical confirmation of the diagnosis 
begins with identification of the signalment and chief 
plaints as described previously and ultimately rests on the 
demonstration of ventricular extrasystoles on ECG in the 
absence of any other inciting cause (diagnosis of exclusion). 
Frequently, serial Holler monitoring is necessary to evaluate 
potential breeding individuals, because affected dogs may have 
only a few PVCs per hour The presence of PVC pairs, or of 
VT, strongly supports the diagnosis. 2485 Treatment involves 
management of arrhythmias (see Ventricular Tachycardia, fol¬ 
lowing) and prevention of transmission of the disease through 
screening and not breeding affected individuals* 

Inherited sudden cardiac death of German shepherd dog 
may similarly exist in a latent state or may produce overt 
clinical signs. 8 ^*e 7 The disease occurs rarely but is international 
in distribution and has affected several generations. 87 Th e pre¬ 
dominant abnormality is paroxysmal, rapid VT. Dogs with this 
disease often develop clinical signs early in life, and these 
include both syncope and a high prevalence of sudden death. 
Therefore the disease causes clinical manifestations mainly in 
puppies or young adult dogs (mean age: approximately 1 year; 
age range: 4 to 30 months). As a rule the arrhythmia does not 
* coexist with structural cardiac changes, such that thoracic radio¬ 
graphs and echocardiograms generally are normal * A myocardial 

repolarization defect appears to be the cause of the arrhythmia. 80 
Although treatments that limit bradycardia (e.g,, vagolytic drugs, 
ventricular pacing) reduce the occurrence of arrhythmia, no 
definitive treatment exists for the disorder at this time. 

Accelerated idioventricular rhythm Accelerated idioven¬ 
tricular rhythm (AIVRs) has been identified as a specific 
subset of ventricular tachycardia (VT) for the last 30 years 
(and was given the clear but oxymoronic name slow VT at first), 
AIVRs have the same ECG characteristics as VT, except rate* 
AV dissociation, wide and bizarre QRS complexes, and the pos¬ 
sibility of capture beats and fusion beats are seen. In medium¬ 
sized dogs, the rate of AIVRs is between 70 and 160 bpm, 
which places it between idioventricular (i*e*, escape) rhythms 
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Rgure 202-33 Three premature ventricular complexes (PVCs), 
This cat with hypertrophic cardiomyopathy developed PVCs 
both of the classic wide and bizarre appearance (arrows) and of a 
more subtly different morphology (arrowhead). In all cases, PVCs 
are premature, not associated with a P wave, different in mor¬ 
phology from sinus QRS complexes, and have a T wave that is dif¬ 
ferent from sinus T waves* Lead II, 50 mm/sec, 1 
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Wide, bizarre QRS complexes 




I 


Is the rate high? 

• >160 bpm for giant breed dog 

* >180 bpm for small breed dog 














No 




This is not ventricular tachycardia (VT) 

* Ventricular escape rhythm 

* Accelerated idioventricular rhythm 

* Motion artifact 

* Conduction defect such as right 
bundle branch block 


Is there a P wave for every QRS? 


No 


No 


Yes 


f 


i 


i 


* Atrial fl utter 

* Atrial fibrillation (AF) 
plus right bundle 
branch block (rare) 


Thi s i s not VT. 
Consider 

• Right bundle branch 
block 

■ Another conduction 
defect 


VT 




Do not treat with antiarrhythmics 


Are there clinical signs 
directly attributable to 
the arrhythmia? 

* Syncope 

* Other (present when 
arrhythmia is present; 
gone when it is gone) 


Treat accordingly 


No 


Is there an underlying problem that may be triggering 
the VT and that must be dealt with first?’ 


Treatment 

* Intravenous (IV) 

* Udocaine 

• Oral (PO) 

- Sotalol 

- Mexiletine plus 
(J-blocker 

- Tocainide plus 
^-blocker 

- Amiodarone 


Hypoxia (congestive heart • Intoxication 


failure [GHF]* other)’! 1 


Anemia (packed cell 
volume [PCV] <25%)t 
Hypokalemia* 
Hypomagnesemia 


catecholamines 
Structural heart 
disease* 


(diagnosis by 
exclusion) 
Gastric dilation- 
volvuius (GDV)* 


Acidosis 

Abdominal mass* 

Blunt traumat 


No (or is being corrected) 


Address the underlying 

problem first 


Is rate sustained at greater than 

parameters above7 
Is pulse (or arterial blood pressure 
measurement) suboptimal? 


Yes to either or both 


No to both 


f 


Treatment 
• Intravenous (IV) 

* Udocaine 


Reassess but no 
antiarrhythmic 
treatment for now 


* Oral (PO) 


- Sotalol 


- Mexiletine plus p-blocker 

- Tocainide plus p-blocker 

- Amiodarone 


’Virtually any medical problem, if severe 
enough, can cause ventricular arrhythmias 
tMost common. 


Figure 202*34 Approach to patients with a rhythm consisting entirely of wide, bizarre 
QRS complexes. 





































































SECTION XI • Cardiovascular System 


1064 


■ 


■ 


i ■ i 


8 ■ r 


■ 'i 


i 


i 


P 1 


I ■ ■ 


1 J 


■ I fi 1 


i fe - I 

I B m L 


I 


p ■ 1 ■ 

A. I fi - 


I ■ ■ I 


I ■ 


P f ■ 4 #4 

fi ■ ■ 


J B 


« * * i ■ * • ■ 

9 ■ + 9 


p p 


r 


+ ■ 


S 


9* P + i 

■ ■ - » 

* ■ * s 

m m 


i f i 




■ 


■ i 


m m m m 


■ +m b 


■ . 


i 


i i ■ 


■ a 


■ i i i 

F - T 


a 


■ * m r 


i a 


a ■ 


i 


* B P 


+ + 


fi ■ 


9* 9 ■ 9 

p i 




p i ■ ■ 


1 ■ B I 


■ 4 


■ ■ P P 


■ p a 


■ B i 


Bid. 


a ■ 4 f 


■fe i • 


B 


■ * II 


1 ■ 4 

■ - ■ T 


h I i m 




a ■ 


i 


■ a p ■ 




■ ip i ■ 


I B 


■ 


+ ■ 


B an i i 


■ 


a 


a- a a 

Pep 

J fi B 


B 4 a- b 

B i d p 


■pa 


■ a pa 
IBM 
a a e d 


a a 


i 


B i 


a a 


i 


a 


8 


m m m 


■ a 


a j 


4 6 P a 


■ * P 


p a 


B I 


■- 


■ 


I 


I 


a 


4 


i a a 


f a p I 


a a 


8 


8 a a 


1 


a 


■ 


b a 


■ a i 


e a 


f 8 


■ 


i a i 


B 


a 


a 


B 4 


■ ■‘‘h i 


B f 


a a 


B I 


a 


m «I 


8 a p t 


8 


8 


■P 


■ h 4 b 


■ 


■BP 


a b 


j 


b a a e 


p 


a a b a. 


a e a 


* 4- ■ P 


- + + + 

a e e a 


p a 


a 


a a e E 


■P 


■ 411 


a 


® "P P 
4 4- a 


■ 


a 


p 


a s vK 


B a % 

Bid 


’P P 


4 a i- 1 


+ B 


m a. 


4 


a 


a i a a 


a 


B 


8 


■ 


I 


a 


a 


a a ip 


a 


* 


4 fe 


EBB 


x a 


S 4! 


II 


+ 9’ + + 


■ I a ai 


p a 


9 


i 


B 


r 


•4a 


■ 


I m 


p 4- a 


a a a a. 


- 


B 


f I ■ + 


+ 4 4? 


- 


■ 


9* S 4» 1 4 4 


i 


r a 


p 


■ e a 


a b 


i 


■ 


■ 


■ . 


i a a 

l a I- 

■ a e 


P 8 


e a a 


r 


b 


E 


fi 


i a 


8 


a 


e 


H V ■ P 


K a a 


P a a p 


i 


bii 


p 


i a 


a x 


+ 49 + 


p 


■ 


t 


■ 


■ 


B 


+ 


a p 


a 


9 + 


a ? 


E 


e a 


+ 


■ * 

B + 


p a 


k 


f 


+ 


a 


- 


a b 


a 


P I 


i 


r 


a 


■ 


i a 


. 


a 


8 


■■ 4 p 


4 


+ Of * ri 


a 


a 


+ P a- a- 


a p 


i 


a 


i 


a 


a a 


a 


a e a a 


b a 


e a a 


■ i ® 9 
* ■ * # 

+ i + 9 


a a 


P + 9 


4 a a- a 


IBB 


II 


i a a 


a 


+ 9 + 


a nr 


a a 


8 


a 


+ 


a 


p i a r 


■ 


B E 


I 


■ 


■ 


a 


i 


a r 


j 


9- -9 9- ■ 


P 9 


* P fi 


h + I + 


a i 


P B 


P + 


a a a a- 


fi 


m m 




■ 


a a 


■ 


fi 


e i a e 


* 


+ 


e 


p 


fill 


4- ■■ IB 9 


a b 


i 


a b a 


a a 


8 4 h I 


b a 


9‘ B + h 


a a 


i 


i 


9 B + i 


fi + a 


i' 


b 


i - 


■ 


a 


fa a 


p 


a a 


P 9 B 4 


a 


a 


a r 


i 


a 


j a 


par 


i 


a 


p 


4 a 


a 


8 a 


a a 


- 


■ 


B 


I 


■ 


■ p r 


p 


a l 


a a p i 


9 + 9 


■ I ■ * 


a -a a 


a 


a. 


p 


4 


a 


+ fi 


»■ 


a 


e a 


a b 


E I 


8 


a ■ 


fi 


■ 


9- 9 fe B 


8 fe 


i 


fi 


& 


■ 


p i 


a 


a 


a 


e 


i 


a i 


8 4 
e a 


p 


j 


a a 


■ 


■ 


a a p a 

4 9 + 4 

ask 


a a 


9 i + 4 


a a a a 


a 


a 


B 


B 


I 


p b a 


a a i 


B + 


fi 


»■ 


fe 


i 


■ 


a 


■ 


■ I 


a a. 


a a a 


e a 


a 


■ 


E 


I 


■ 


Figure 202-37 Ventricular fibrillation (VF) in a dog. An impor¬ 
tant differential diagnosis is technical error (poor electrical connec¬ 
tion between patient and ECG machine). Lead I, 25 mm/sec 
1 cm 
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Figure 202-35 Ventricular ectopy in a dog. Premature ventric 

ular complexes (PVCs) (first and third beats) and ventricular 
tachycardia (VT) (from seventh beat to end of tracing). This trac¬ 
ing presents many hallmark findings of ventricular ectopy A 
fusion beat (beat 2) is an electrical hybrid formed by the collision 
of a PVC and a sinus beat, Tire reader should note its characteris¬ 
tically normal PR interval and QRS morphology that is interme¬ 
diate between a PVC and a sinus beat, A capture beat is the term 
given to the sinus beat that resumes normal sinus rhythm (NSR) 
after ventricular ectopy (beat 4). In this case the sinus rhythm 
lasts for only three beats. The next-to-last beat 


f 


l mV, 


immediately be ruled out; poor electrical connection between 
the patient and the ECG leads can mimic VF Rapid confirma¬ 
tion of VF consists of (1) applying isopropyl alcohol to the 
skin-ECG lead interface to improve conductivity; (2) assessing 
that the arrhythmia is present in multiple leads, not just lead 
II; and (3) noting that the patient is unconscious, because VF 
is inconsistent with adequate cerebral perfusion. VF is often 
preceded, and therefore heralded, by ventricular extrasystoles 
(possibly demonstrating the R on T phenomenon), then sus¬ 
tained VT, then ventricular flutter 2 When the rhythm has 
reached VF, treatment (cardiopulmonary resuscitation), though 

often unrewarding, must be instituted immediately and gen¬ 
erally involves electrical defibrillation if available. 
(Ajitiarrhythmic treatments to consider: electrical defibrilla¬ 
tion, precordial thump, KC1 and CaCI 2 , Class III), 


occurs very pre¬ 
maturely and thus demonstrates the R«on-T phenomenon. Lead II, 

25 mm/sec, I cm = 1 mV. 


Ventricular flutter Ventricular flutter is a rapid and 
prefibrillatory stage of VT. The ECG appearance of this 
rhythm is a tight, tall sinusoidal wave in which it is impossible 
to separate QRS complexes and T waves and in which neither 
capture nor fusion beats are seen. This intermediate stage 
between VT and VF is rare, brief, and precedes cardiac arrest. 
It must be differentiated from motion artifact. Artifact 


Torsade de pointes TdP is a ventricular arrhythmia that 
arises from prolongation of the QT interval, 91 - 93 The rotation 
of the peaks of the QRS complexes on the horizontal axis of 
the ECG is due to the ever-changing geometry of the re-entry 
circuit, which oscillates within the ventricles. The diagnosis of 
TdP is based on the following criteria: (I) the rhythm imme¬ 
diately prior to onset of TdP is slow, and the QT interval is 
prolonged (>0.25 second in the dog); (2) the onset of TdP 
involves an R on T ventricular extrasystole (e.g. r depolarization 
[R wave] occurs during the vulnerable part of the T wave); 
(3) the ensuing rapid (>180 bpm) ventricular rhythm has QRS 
complexes that are more regular than in VF but that are con¬ 
tinuously changing in amplitude and polarity [Figure 202-38). 
The total duration of a self-resolving paroxysm of TdP is usu¬ 
ally very brief (5 to 10 seconds), but it may persist for longer; 
in those instances it often evolves lethally into VF, TdP is not 
commonly recognized in the dog but may be caused by any 
disorder that prolongs the QT interval: 92 congenital long QT 
syndrome (Dalmatian), hypokalemia, hypocalcemia, and 
dose or toxicity due to anti arrhythmic drugs, particularly class 
1A antiarrhythmics such as quinidine. The treatment is highly 
specific and requires discontinuation of all antiarrhythmic 
drugs and institution of intravenous magnesium sulfate (10 to 
30 mg/lb slow intravenous administration). 92 


mas¬ 
querading as ventricular flutter still shows evidence of coordi¬ 
nated ventricular activity (normal QRS complexes within the 
flutter" impostors) on close inspection (see Figure 202-11), 
Ventricular flutter is considered a severe ventricular arrhyth¬ 
mia and warrants immediate correction of predisposing causes, 
* intravenous antiarrhythmic treatment, and possibly electrical 

defibrillation. 


ii 


Ventricular fibrillation VF is a disorganized, chaotic pattern 
of ventricular depolarizations involving complete desynchro¬ 
nization of ventricular electrical activity, Hemodynamically, 
it produces circulatory collapse and arrest. Therefore it t 
preagonal state leading to death within minutes. Indeed, the 
cardiac rhythms that are defined as producing cardiac arrest 
include VF, asystole, and pulseless electrical activity (pulseless 

VT electromechanical dissociation (EMD]), 90 The ECG appear¬ 
ance of VF consists of erratic, patternless waves of variable 
morphology, amplitude, and frequency (Figure 202-37). The 
underlying cause is generally a severe disorder, such as myocar¬ 
dial trauma, anoxia, severe electrolyte disturbance, and advanced 
states of shock. If VF is suspected on ECG, artifact must 
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Figure 202-36 Ventricular tachycardia (VT) in a dog. With 
ventricular arrhythmias, the sinus node and atria continue to 
function, as evidenced by P waves (dots). Atrial activity occurs 
regularly but independently of the QRS complexes (AV dissocia¬ 
tion). Lead II, 25 mm/sec, 1 cm = 1 mV. 
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Figure 202*38 Torsade de pointes (TdP) in a dog. Lead II, 

25 mm/sec, 1 cm = 1 mV. (Tracing courtesy of Dr Michael B. Lesser, 
Lawndale, Calif.) 
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CHAPTER 202 * Electrocardiography and Cardiac Arrhythmi 
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Ventricular parasystole Ventricular parasystole ( 
heart heats as two") is a complex arrhythmia that results from 
the concurrent and independent activity of two pacemakers, 
one being a normal supraventricular pacemaker and the other 
existing in a protected site in a ventricle. 93 By definition, parasys¬ 
tole has (1) a ventricular focus with independent, abnormal 
automatic! ty and that has a rate that is greater than an escape 
focus and (2) a unidirectional (entry) block that shields this 
focus from sinus depolarizations, Parasystole is most often benign, 
does not warrant anti arrhythmic treatment, and regardless is 

lly refractory to antiarrhythmic therapy 
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Figure 202-40 Second-degree AV block, Mobitz type 1 
(Wenckebach phenomenon). Gradual prolongation of the PR 
interval occurs until a P wave is completely blocked farrow;). 

Lead II, 25 mm/sec, 1 cm 
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Disorders of Conduction 

Disorders arising from faulty intracardiac electrical conduction 
simply referred to as Wbcfcf. Blocks are grouped according 
to anatomic and functional criteria. Anatomic criteria separate 
them depending on their level of physical location. SA blocks, 

AV blocks, BBSs, and fascicular blocks. 

Functional criteria characterize blocks according to their 

degree of severity. First-degree block produces a delay in conduc¬ 
tion; second-degree block causes complete but intermittent block; 
and third-degree block causes complete, sustained block 


virtually never causes clinical signs (Figure 202-40), The 

second, Mobitz type 11 second-degree AV block, by contrast, 
demonstrates perfectly regular PR intervals for all QRS com¬ 
plexes, but one or more P wave or waves is or are blocked 
(Figure 202-41). Mobitz type If second-degree AV block arises 
from the AV bundle and is said to carry a more guarded to 
poor prognosis because it more closely resembles third-degree 
AV block; however, objective evidence to support this extrapo¬ 
lation from human cardiology in veterinary patients is tacking, in 
simple Mobitz type II second-degree AV block, more conducted 
P waves occur than blocked P waves, whereas in advanced 
Mobitz type II second-degree AV block (as in Figure 202-41), 

blocked P waves occur than conducted P waves. The 
presence or absence of clinical signs appears to be related to 
the overall ventricular rate. Therefore simple Mobitz type II 
second-degree AV blocks rarely produce clinical manifesta¬ 
tions such as exercise intolerance, whereas the more advanced 
Mobitz type II second-degree AV blocks commonly produce 
clinical signs that are similar to third-degree AV block: weakness, 
lethargy, syncope, and Stokes-Adams seizures (true convulsions 
caused by critical, arrhythmia-induced cerebral hypoperfusion) 

with minimal exertion. 

Third-degree AV block is a complete and sustained inter¬ 
ruption of AV conduction. The ventricles depolarize accord¬ 
ing to a slow, regular, autonomic rhythm, called an escape 
rhythm (junctional or ventricular; see following) (Figure 202- 
42). It is essential to recognize the lifesaving salvage function 
of a ventricular escape rhythm, because it prevents asystole. 
Therefore even though ventricular escape QRS complexes are 
wide and bizarre, ventricular antiarrhythmic therapy is abso¬ 
lutely contraindicated. 

In third-degree AV block, communication between the 
atria and ventricles is nonexistent (complete AV dissociation). 
Therefore the EGG diagnosis is based on the complete absence 
of P wave conduction (P waves without QRS complexes; no con¬ 
sistent PR interval) and on slow ventricular QRS complexes, 
which are usually of a uniform, but wide, bizarre morphology 
(shape) and that usually occur with near-perfect regularity. 
Third-degree AV blocks typically produce marked exercise 
intolerance, weakness, and syncope. Even so, it is possible 




are 






Atrioventricular Block AV blocks are defined as delays or 
stoppages of conduction between the atria and the ventricles 
(specifically, between the upper part of the AV node and the 
His bundle prior to its trifurcation). First-degree AV block 
simply is a delay in AV conduction. Conduction through the 
AV node is slower than normal, but every impulse crosses the 
node successfully (Figure 202-39). It may be permanent or 
transient and may arise from a structural lesion or simply be 
functional. The EGG diagnosis is based on normal, sinus- 
appearing QRS complexes and a prolonged PR interval. The 

clinical manifestations are nil; first-degree AV block is an EGG 
finding only and does not warrant treatment. Its importance is 
best diagnostic, drawing the clinician's attention to possible 
causes of delayed conduction, which include AV nodal 
damage in the major forms of heart disease and iatrogenic 
problems including excessive administration of such cardiac 
glycosides as digitalis or other antiarrhythmic therapy. Most 
commonly it is normal and is due only to high vagal tone. 
First-degree AV block does not progress to second- or third- 

degree AV block except in cases of drug toxicity. 

Second-degree AV blocks involve the complete (but tran¬ 
sient] interruption of AV conduction. Therefore a P wave 
exists for every QRS complex, but a QRS complex does not 
exist for every P wave. Two important subtypes of second- 
degree AV block exist. The first, Mobitz type I second-degree 
AV block, is characterized by a progressive lengthening of the 
PR interval until ultimately a P wave is blocked (P wave with¬ 
out QRS complex), known as the Wenckebach phenomenon. 
Anatomically, Mobitz type I second-degree AV block origi¬ 
nates high in the AV node and is said to carry a good progno¬ 
sis because it is closely related to first-degree AV block, and 
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Figure 202-41 Second-degree AV block, Mobitz type II. 

P waves are blocked without a gradual lengthening oi the. pre 
ceding P-R interval, in contrast to Mobitz type I second-degree 
AV block. For most of the tracing, only every third atrial impulse 
crosses the AV node and activates the ventricles, as evidenced by 
the fixed P-R interval for every third P wave (3ri block). Lead 11, 

25 mm/sec, 1 cm = 1 mV. 
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Figure 202-39 First-degree AV block. The interval between 

each P wave and the following QRS complex is markedly prolonged 

0.18 second). Lead II, 




in this extreme example (PR interval 

1 mV, 


50 mm/sec, 1 cm 
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Figure 202-42 Third “degree AV block. No connection occurs 
between P waves and QRS complexes. Lead II P 25 mm/sec, 1 
1 mV In the upper panel, the escape rhythm is clearly ventric¬ 
ular because the QRS complexes are wide and bizarre in lead II 
and are slow to occur (rate = 55/min). This cat had clinical signs 
caused by the arrhythmia (lethargy) and required implantation of 
a pacemaker. In the lower panel, the escape rhythm is likely junc¬ 
tional (supraventricular), because the QRS complexes 
and upright in lead II, and they occur at a near-normal (near-sinus) 
rate (150/minute). That is, AV block is present in the proximal 
part of the AV nodal-His complex, and the escape rhythm origi¬ 
nates in the distal part. This arrhythmia was an incidental finding 
in an otherwise normal cat. 
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Figure 202-44 Left bundle branch block (LBBB) in a dog. The 
QRS complexes are very wide (0,10 second, small double arrow) 
but of otherwise normal configuration. Normal sinus rhythm. 
Simultaneous leads I, II, and III, 50 mm/sec, 1 


1 mV. 


cm 


to encounter older animals, not very active by nature, who 
have "asymptomatic" 1 third-degree AV blocks, or individuals 

a rapid 

escape rhythm in which the block is an incidental finding (see 

Figure 202-42). ] 3 The asymptomatic situation also is likely in 
c ases o f iso rhyth m ic A V dissociation , a situation i n which th ird- 
degree AV block occurs but the atrial rate and ventricular rate 
are nearly identical (see Figure 202-42). 

The causes of AV blocks are diverse. First-degree AV and 
MobiU type I second-degree AV blocks often are functional 
(high vagal tone in healthy individuals, negative dromotropk 
effects of digitalis, antiarrhythmics, or alpha 2-stimulating 
anesthetics). Less commonly, cardiac disease with atrial dilation 
* and AV nodal lesions may be present. Mobitz type H second- 

degree AV block and third-degree AV block are sometimes 
functional (hyperkalemia, digitalis toxicity, alpha 2-stimulating 
anesthetics), but are commonly associated with a structural 

lesion, be it inflammatory (endocarditis, Lyme myocarditis, trau¬ 
matic myocarditis) or degenerative (physical disruption arising 
from cardiomyopathy, endocardiosis, or fibrosis) Treatment 
is therefore aimed at the underlying cause when possible* In 
clinically overt, advanced, Mobitz type II second-degree AV 
blocks or third-degree AV blocks, response to parasympatholyti 
sympathomimetic drugs tends to be fairly disappointing 
and potentially dangerous. Pacemaker implantation is a better 

choice (Figure 202-43), 


Bundle Branch Blocks BBRs are slowings or interruptions of 
conduction involving one or more of the ventricular branches of 
the His bundle. Blocks may be functional (transient interruptions 
due to the depolarizations occurring during the refractory 
period) or structural (permanent interruptions due to a physical 
disturbance), The BCG diagnosis of BBBs is based on the abnor¬ 
mal shape of the QRS complexes, which become widened due 
to the desynchronization of the two ventricles. The duration of 
the QRS complexes is greater than 0.07 second in dogs with 
BBB, and the polarity is positive in lead II for left BBBs and 
negative in lead II for RBB blocks (Figure 202-44 and 202-45). 
If BBBs occur during sinus rhythm, the ECG diagnosis is straight¬ 
forward, because other than the very abnormal appearance of 
the QRS complexes, the P-QRS-T sequence throughout the 
ECG is normal: a P wave occurs before each QRS and the PR 
interval is fixed and normal. If the block occurs concurrently with 
a nonsinus rhythm, such as AFib, however, establishing a diag¬ 
nosis in BBB can be much more challenging (see Figure 202-30). 


(especially cats) with third-degree AV block and 
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Figure 202-45 Intermittent right bundle branch block (RBBB) 
in a dog. Each QRS complex is preceded by a P wave. This impor¬ 
tant finding indicates that this is a supraventricular rhythm and 

ventricular arrhythmia. The cyclical increasing-decreasing 
heart rate, constant PR interval, and similar appearance of all 
P waves indicate that this rhythm is respiratory sinus arrhythmia 
(RSA). The wide, bizarre QRS complexes occur when the sinus 
rhythm is slightly faster (shorter R-R intervals), indicating a rate- 
dependent form of intraventricular conduction disturbance. The 
wide, bizarre appearance of QRS complexes in this lead II tracing 
indicates that this disturbance is a block of the RBB. RBB block 
generally is a normal or inconsequential finding in dogs and has no 
hemodynamic repercussions in the patient. The main significance 
of RBB block lies in how easily it can be mistaken for a ventricu* 
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Figure 202-43 Normal pacemaker function. Electrical activity 
generated by pacemakers appears as spikes on the electrocardio¬ 
gram (ECG) (arrowheads ). The spikes are larger for unipolar 
pacemakers (left panel) than for bipolar pacemakers (right panel). 
No atrial activity was present in the dog in the left panel. No asso¬ 
ciation exists between atrial activity (P waves) and paced activity in 
the right panel because the pacemaker activates only the ventricles 
(W1 mode)* Lead II, 25 mm/sec, 1 
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Figure 202-46 Left anterior fascicular (LAF) block. Prominent 

S waves occur in leads II, III, and aVF, indicating a leftward mean 
electrical axis (MEA > deviation (-75 degrees). Motion artifact is 
noted in the last quarter of the rhythm strip (lower-right comer). 
This adult cat had moderate left ventricular (LV) hypertrophy 
echocardiographically, as suspected from the large (deep) QRS 
complexes. Seven-lead electrocardiogram (ECG) and simultaneous 

rhythm strip; 25 mm/sec, 1 cm = 1 mV. 
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A BBB together with AFib mimics ventricular extrasystoles or 
VT, which may misdirect therapeutic decisions, (see previous 
discussion of atrial fibrillation). Cats with heart disease (espe¬ 
cially cardiomyopathy) are classically described as being prone 
to developing block in a subdivision of the LBB known as 
the left a nr erior fascicle (or LAF). 5 LAF block produces a tall 
R w'ave in leads I and aVL, and a deep S wave in leads II, III, 
and aVF, and therefore a left-axis deviation (see Figure 202-6; 
Figure 202-46), 

The causes of BBB are many, because they may be due to 
a variety of pathologic changes including hypertrophy (as in 
feline hypertrophic cardiomyopathy), dilation (as seen in dilated 
cardiomyopathy), and inflammation (endocarditis, traumatic 
myocarditis). In the dog, RBB block is often a completely 
normal, unnecessarily worrisome ECG finding (see Figures 

202-30, 202-45 ). Clinical manifestations of BBBs alone gener¬ 
ally do- not occur. 11 - 12 These disturbances therefore do not war¬ 
rant specific treatment beyond that of their underlying cause. 
The importance of recognizing BBB lies in the fact that they 
could be the first indicators of underlying cardiac disease, 
which itself warrants further diagnosis and treatment, and that 
they can be misinterpreted as ventricular arrhythmias. 

Atrial Standstill (Silent Atrium ) This rhythm disturbance 
does not truly fall into the category of blocks. It is an arrhyth¬ 
mia characterized by the total absence of atrial depolarization 
(Figure 202-47), A sinus impulse may nevertheless be prop¬ 
erly formed and conducted to the AV node if the intemodal 
pathways remain functional. In this situation, common with 
hyperkalemia, the rhythm is referred to as sinoventricular > 
Otherw ise, if no sinus impulse arises and the atria are electri¬ 
cally silent, then a junctional or ventricular escape rhythm 
must emerge to avoid asystole. The three differential diag¬ 
noses for atrial standstill are (I t moderate to marked hyper¬ 
kalemia (K + >7.5 mEq/L), (2) atrial myopathy, and (3) ECG 

artifact (P waves too small, or isoelectric, preventing them 
from being seen properly on a chosen ECG lead). Perhaps the 
most easily identified initial change of moderate hyperkalemia 
on ECG is disappearance of the P w'aves; this change follows 
mild tenting of the T waves (often imperceptible) and pre¬ 
cedes ventricular flutter and cardiac arrest. Alternatively, atrial 
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Figure 202-47 Atrial standstill. In the upper panel, a primary 

atrial myopathy was responsible for the lack of atrial activity seen 

in this dog's tracing. Serum [K + ] = 4,3 mEq/L (within normal 
limits). Lead II, 25 mm/sec, 1 cm = 1 mV. In the middle and lower 
panels, presence (middle) and absence (lower) of atrial standstill in 
a cat with urinary obstruction before and after correction of severe 
hyperkalemia, respectively. The reader should note the rapid ven¬ 
tricular rate in the middle panel (220/min) despite an elevated 
serum [K + ] (8.4 mEq/L). In contrast to dogs, severely hyperkalemic 
cats often are tachycardic Lead II, 25 mm/sec, 1 cm = 0.5 mV 


12 


standstill may occur due to marked atrial stretch, 9,6 as occurs 
particularly in cats with various forms of cardiomyopathy, or 
atrial parenchymal hypoplasia, as is seen Ln association with a 
dystrophic form of neuromyopathy, particularly in the 
Springer spaniel. Either way, the ECG appearance is therefore 
of a regular rhythm, usually with QRS complexes that are of 
a supraventricular appearance, and with a normal rate but 
without detectable P waves in any lead on 
Differentiating between the two main causes of this rhythm 
using the ECG alone is difficult, and immediate measurement 
of serum electrolytes is warranted. 

£ led ro mechan ica l Dissociation EMD is not, strictly speak¬ 
ing, an abnormality of cardiac rhythm. EMD refers to the absence 
of conversion of an electrical rhythm into a mechanical force 
of contractility. 97 - 9 * The ECG therefore may show virtually any 
rhythm, and the diagnosis rests on the combination of a hemo- 
dynamically collapsed patient with an ECG that shows any 
rhythm but asystole. The pulse is usually barely perceptible or 
absent, the patient typically is unconscious, and EMD most 
commonly is a prearrest or terminal condition (Figure 202-48). 
Treatment requires correction of underlying causes if possible 
and then is aimed at increasing circulation to improve myocar¬ 
dial perfusion. Because EMD generally indicates profound 
myocardial hypoxia, the prognosis is poor even with treatment. 


the ECG. 
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Figure 202-48 Electromechanical dissociation (EMD). By defini¬ 
tion, pulselessness was present during this ECG Lead II p 25 mm/sec, 


I 


■ 


M 


I 


i 


* 


R 


I 


- ! S 


i * 






■ 


i 


i 




* I !- 


i 


P 


4 


P 


i 


* I I 


I 


1 


i 


H 


I 


I 


8 I 


i n 


I 


I 


1 


:! : i 


i 




i 


i : ■ 


i b 


1 


■ I 


I' 


i 


i 


ii 


4 


I 


I 


i 


f 3 


i 


t ■ 


! 


s: 


i 


i 


! I 


I 


i 


i 


i 


i 


i 


HI 


1 cm 


] mV. 


• ii A - 


i 




i 




■ Ik. 


i 


i 


»' 


f S 6 1 ■*' 

-Hv 


> H 




1 f 


• ■ 


i 


i 


* ■ 


b 


I 


L B 


i 


b 


I ■ 


4 


l I 


M 1 1 

■ I L, ■ I I 


I 


I 


I P 


; 


i f 






- • I 


i 


\ ii » 


i 


i P 


I' ' 


i 


*• 


■1 


i 


< ! i 


i i 


I 


I 


I 


f ! ■ 


i i 


« 1 


i 




i 


■ 


• P * 


:: 11 |l 


l 


s 


I 


! mull t: 

Figure 202-49 Pre-excitation. The P-R interval is the same as 

the duration of the P wave (i.e., no P-R segment is seen). This 
finding indicates pre-excitation of the ventricles through 
sory bypass tract The asynchronous acti vation of the ventricles is 
demonstrated through the presence of a subtle notch in the QRS 
complex, the delta wave (arrow). Lead 1,25 mm/sec, 1 cm = 1 mV. 
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Complex Disorders Involving Abnormalities of Both 
Excitability and Conduction 

Of the multiple rhythm disturbances described previously, many 
can occur jointly on the same ECG tracing, producing mixed 
disturbances of excitability and of conduction. This next section 
will discuss examples of disturbances of excitability and of 
conduction that produce specific clinical syndromes. 

Pre* Excitation Syndromes In pre-excitation, the normal 
impulse originating from the SA node is split at the end of 
atrial depolarization, with part of the impulse traveling 
mally through the AV node and another part of the impulse 
traveling simultaneously through an abnormal shaft of rapidly 
conductive fibers that links the atria and the ventricles, (also 
called an accessory pathway or bypass tract) thus bypassing the 
AV node. The result is partial, premature, immediate activa¬ 
tion of the ventricles through the bypass tract, without the 
benefit of a pause in the AV node; hence the term pre-excitation. 
With one major exception (see following), the effect of this 
abnormal pattern of activation is minimal, because only a part 
of the atrial contribution to ventricular filling is lost. The ECG 
demonstrates that the normal delay through the AV node 
was pre-empted by conduction through the bypass tract [i 
no segment separates the P wave from the QRS complex) and 
that conduction through the bypass tract caused 
chronous activation of the ventricles (the bypass tract and the 
normal AV nodal conduction ultimately each activate their 
share of the ventricles), resulting in a notched QRS complex. 
The size and location of the QRS complex's notch, the delta 
wave , depends on the distance that separates the bypass tract 
and the AV node in the individual's heart (i.e., on the amount 
of myocardium that the His bundle and the bypass tract 

each depolarize before the impulses collide with each other* 
Figure 202-49). 

Under usual circumstances, pre-excitation is an incidental, 
clinically silent finding. However, in individuals with pre¬ 
excitation, a premature atrial depolarization may initiate 
a type of re-entry cycle that can produce extreme tachycardias. 
Although bypass tracts conduct impulses rapidly, their refrac¬ 
tory period typically is longer than that of the AV node. 
Therefore the timing of a premature supraventricular depo¬ 
larization may tail to conduct through the bypass tract but be 
able to conduct through the AV node, depolarizing the 
tricles normally. As the impulse completes the depolarization 
of the ventricles, the bypass tract has repolarized and is able 
to conduct Bypass tracts can often conduct impulses in either 
direction, such that the ventricular impulse conducts retro* 
grade through the bypass tract to the atria, initiating an end¬ 
less loop of conduction. This type of self-perpetuating circuit 
is a type of macrore-entry circuit , and it may produce a poten¬ 
tially very rapid and clinically overt (apparent discomfort, 
exercise intolerance, lethargy, syncope) tachycardia called 
orthodromic [the impulse travels in a normal direction through 
the AV node] AV re entrant tachycardia t or the Wolff-Parkhison- 
White i VV PW) syndromeT 9 ' 63 ^ Dogs with this syndrome may 
have unrelenting heart rates above 300 bpm. Initial treatment 
can involve vagal maneuvers that, through slowing of AV 
duetion (i.e., negative dromotropic action), break the cycle of 
re-entry. Amiodarone or procainamide may be used in the 
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management of such tachyarrhythmias in dogs. Conversely, 
digoxin is contraindicated because it decreases the refractory 
period of the bypass tract. Many drug therapies or combina¬ 
tions thereof have been used to reduce the occurrence of 
WPW episodes in pets with symptomatic re-entrant tachycar¬ 
dias caused by pre-excitation. Frequendy in these cases, no 
drug therapy is entirely successful, and the clearest and most 
successful form of treatment involves referral to a specialized 
center for intracardiac catheter-based radiofrequency interrup¬ 
tion (ablation) of the re-entrant pathway, which permanently 
abolishes pre-excitation and aU future risk of recurrence of 
the WPW syndrome. 63 - J 00 

Sick Sinus Syndrome SSS (bradycardia-tachycardia syn¬ 
drome, sinus node dysfunction) involves a complex disturbance 
of the cardiac conductive tissues, producing simultaneous 
defects in sinus activity (SB and sinus arrest), AV conduction 
disturbances (frrst-degree and second-degree AV blocks) and 
disturbances in supraventricular and ventricular excitability 

(Figure 202-5G), Therefore the disturbance is not a problem 

involving only the SA node, as the name SSS suggests, but 
rather is an illness that affects cardiac tissue at all levels. 

The cause of SSS is unknown. Some human beings with 
SSS have autoantibodies directed at SA nodal tissue 
cholinergic receptors,! 01 102 but these mechanisms have not 
been described in dogs with SSS. Certain epidemiologic features 
stand out from cases reported in the veterinary literature. The 
disease is recognized almost exclusively in dogs, and the stereo¬ 
typical breed predilection for female miniature Schnauzers is far 
from exclusive, many other breeds, notably Cocker spaniels, 

West Highland white terriers, 103 - 105 and mixed breed dogs 
represent an ever-increasing proportion of patients with this 
disorder The spectrum of disease described as SSS likely 
regroups more than one distinct disorder that future research 
will categorize into separate entities. 

The age of onset typically is mid to late adulthood (6 to 10 
years), and the association with chronic mitral valvular disease 
is common but not obligatory. Histopathologically, nodal 
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Figure 202-50 Sick sinus syndrome (SSS). Second-degree AV 

block followed by an extremely long sinus pause, an escape beat, 

sinus bradycardia or a supraventricular escape rhythm, and 

premature ventricular complex, are seen. Lead II, 25 mm/sec, 
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tissue fibrosis is seen, associated with vascular disturbances 
(microcoronary arteritis). The ECG diagnosis often requires 
repeated and sufficiently long (2 to 3 minute) tracings, to con¬ 
vincingly demonstrate some or all of the aspects of SSS: 
SB (often with first- or second-degree AV block), prolonged sinus 
pauses with variable escape beats and bursts of supraventricular 
tachycardia or ventricular extrasystoles at various rates (see 
Figure 202-50). In some cases only SB occurs. Because these 

features occur intermittently the diagnosis often is only made 
by obtaining an ECG during an episode of syncope, stumbling, 
or ataxia (near syncope), which are the most common overt 
clinical manifestations of this arrhythmia. Ambulatory ECG, 
especially cardiac event recording, is ideally suited for estab¬ 
lishing the diagnosis of SSS when the in-hospital ECG is 
unhelpful (see Ambulatory Electrocardiography). Such technol¬ 
ogy has identified that episodes occur during bradycardia rather 
than tachycardia. Vagolytic drugs may acutely improve the situ¬ 
ation by reducing the impact of bradycardia episodes and 
pauses, but definitive treatment when episodes are recurrent 
generally requires the implantation of a pacemaker (see fol¬ 
lowing). Digitalis glycosides are usually contraindicated, includ¬ 
ing in the CHF patient, because of the risk of furthering AV 
block and thus decreasing ventricular rate. If CHF is present, 
diuretics (e.g., furosemide) and angiotensin-converting enzyme 
(ACE) inhibitors are typically used, with or without spironolac¬ 
tone. Correction of bradycardia through pacemaker implantation 
occasionally improves cardiac output sufficiently to eliminate 
CHF and allow the gradual reduction, and possibly discontinua¬ 
tion, of diuretics. 


and perfusion during the arrhythmia (pulse quality, menta¬ 
tion, and if available, short-term trends in blood pressure 
parameters). 

Ventricular tachyarrhythmias may be progressive and 
can compromise cardiac output. However, even complex ven¬ 
tricular arrhythmias, when they are asymptomatic, do not 
necessarily represent a target for attempting to reduce the risk 
of sudden death, 107 In human medicine, from which the over¬ 
whelming majority of veterinary clinical cardiac arrhythmia 
information is extrapolated, ‘Tendering treatment to suppress 
a risk factor because of the temptation to equate causality with 
association between the risk factor and a putative clinical out¬ 
come has never been more misguided than with nonsustained 
ventricular tachycardia. 

“When to treat?" probably remains the single most impor¬ 
tant and unresolved question in veterinary cardiology. The 
veterinary experience may or may not be substantively differ¬ 
ent from the human. Therapy based on human medical rec¬ 
ommendations may be inappropriate considering the principal 
differences in causes of disease between the species (e.g., coro¬ 
nary versus noncoronary heart diseases). Clinicians do not 
know what happens to dogs or cats with arrhythmias of dif¬ 
fering causes, nor are we generally able to compare arrhyth¬ 
mias of different causes regarding outcome or specific drug 
therapies. Survival and efficacy studies for complex arrhyth¬ 
mias in veterinary medicine are few, and, with one exception, 
none has been double-blinded or controlled. The exception is 
a prospective study of 49 Boxer dogs with familial ventricular 
arrhythmia (Boxer cardiomyopathy) that were randomized to 
receive one of four antiarrbythmic medication strategies. 
Results of the study showed that some anriar rhythmics were 
better than others for reducing the occurrence of arrhythmia, 
but none of the four significantly decreased the extent of clin¬ 
ical manifestations of the arrhythmias (syncope) 46 Otherwise, 
experience-based generalizations may be made, including the 
observation that dogs with mitral endocardiosis are not likely 
to die suddenly of arrhythmic causes, whereas cardiomyo- 
pathic Doberman pinschers and dogs with advanced subaortic 
stenosis have a greater risk of sudden death when they reach 
a stage of disease associated with ventricular ectopy. When 
overt clinical signs such as syncope or aborted syncope are 
present, it is difficult to argue with therapeutic efforts to con¬ 
tain the arrhythmia. When clinical signs are absent, however, 
it is relevant to compare the potential side effects of therapy, 
including proarrhythmia, to the potential and difficult-to-prove 
benefit of a stabilized or normalized rhythm. Pro arrhythmic 
effects of cardiac drugs aside, Calvert 108 has shown the 
adverse effects of routine anesthesia and surgery in Doberman 
pinschers with occult cardiomyopathy, thereby reminding the 
clinician to consider the dangers of medical procedures that 
may exacerbate uncontrolled arrhythmias. 

Classification Systems for Antiarrhythmic Agents 

Antiarrhythmic drugs have traditionally been classified into 
one of four groups according to their predominant effect on 

the action potential. Dissatisfaction with the shortcomings 
of the Vaughn-Williams (V-W) classification scheme for 
antiarrhythmic drugs resulted in the creation of a competing 
classification system 109 correlating antiarrhythmic drugs with 
the mechanism of the arrhythmia and vulnerable parameters, as 

well as actions of the drug, 110 The scheme, known as the 

gambit (SG), is based on the actions of drugs on 
arrhythmogenic mechanisms and was another attempt to pro¬ 
vide a rational basis for therapy. Regrettably, although academi¬ 
cally reasonable, it has not improved the clinical approach to 
arrhythmia therapy in human or veterinary medicine. 

Limitations of the traditional V-W system include its incom¬ 
plete classification, crossover within the system among specific 
drugs, and its discussion principally of blocking mechanisms, 
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THERAPY OF ARRHYTHMIAS (Table 202-1) 


First and foremost, any underlying or predisposing factors 
involved in the precipitation of arrhythmias need to be identified 
and resolved wfien possible (see Figure 202-34), For example, 
attempting to treat VT with antiarrhythmic drugs when a patient 
is hypokalemic is counterproductive and probably dangerous. 
Hypokalemia can both make ventricular arrhythmias more likely 
to occur and, through effects on myocardial sodium channels, 
hypokalemia makes the arrhythmia refractory to the more com¬ 
monly used intravenous antiarrhythmics including lidocaine. 

Overall, a practical approach to choosing antiarrhythmic 
therapy incorporates known clinical efficacy, adverse drug reac¬ 
tions, pharmacokinetic effects, and results of administration. 
Substantial changes in the approach to antiarrhythmic therapy 
have evolved since the publication of the 1991 Cardiac 
Arrhythmia Suppression Trial (CAST) in human beings with 
myocardial infarction, in this multigroup, placebo-controlled, 
double-blinded study, researchers unexpectedly found an 
increased rather than decreased risk of death when certain type 
IC antiarrhythmic agents were administered. Although ambi¬ 
ent ventricular arrhythmias are still regarded as a risk factor 
for adverse cardiovascular events, these arrhythmias are 
increasingly perceived as messengers of myocardial disturbance 
rather than primary problems needing to be quelled. Accordingly, 
the rush to treat asymptomatic ventricular arrhythmias has 
been markedly reduced. 106107 By contrast, the general approach 
to the treatment of supraventricular tachyarrhythmias, 
whether latent or responsible for clinical signs, has remained 
the same or become more aggressive in small animal medicine 

(Figure 202-51). 63100 

The derision to treat ventricular arrhythmias in veterinary 
medicine should be based on the functional effects of the 
rhythm, not the frequency ("more than x PVCs/min") or mor¬ 
phologic complexity (monomorphie versus polymorphic) of the 
abnormal beats. 89 106 Expressions of the functional effects of 
arrhythmias that can be assessed clinically include the presence 
of clinical signs (e.g., lethargy, syncope, Stokes-Adams seizures) 
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whereas activation of channels, receptors, or both are down¬ 
played, Antiarrhythmic agents may be effective in a number of 
ways: slowing tachycardias, terminating arrhythmias, making 
them tolerable, or preventing their initiation. 109 The V-W clas¬ 
sification is based only on the electrophysiologic drug effects 
of isolated, normal cardiac tissue (except for class II agents), 
which is different from the diseased state. The classification 
excludes compounds such as digitalis, adenosine, and alpha- 
adrenergic-bloc king agents. The V-W classification system 
assumes that we know more than we really do. Not all drugs 
within a class have the same physiologic or clinical effects, The 
danger in using only the V-W scheme is that most drugs have 
more than one mode of action, and all the drugs within a cate¬ 
gory clearly are not always the same, 

Antiarrhythmic therapy for the practicing veterinarian with 
access to ECG monitoring, ambulatory ECG (available at most 
referral veterinary centers or via on-line rental [see previous 
discussion]), and echocardiography (available at many referral 
facilities) is described later in this chapter. Electrophysiologic 
testing and terminology, although desirable, are (with few excep¬ 
tions) not practiced. Therefore the discussion of these tech¬ 
niques is limited to what is required to make knowledgeable 
medical decisions in practice. Only commonly used drugs or those 
likely to be useful in canine or feline heart disease are discussed. 
New drugs are identified, as are new uses for older drugs. 


poorly absorbed and even eliminated as intact tablets in the 
feces of dogs. Procainamide may be used in conjunction with 
other class I agents and bet a-blockers for refractory arrhyth¬ 
mias. Oral administration of the drug at higher than usually 
recommended doses to achieve trough serum concentrations 
of 10 to 12 pg/mL were successful in controlling some supraven¬ 
tricular tachyarrhythmias. 1111,2 Side effects are infrequent and 
include anorexia, nausea, vomiting, fever, proarrhythmia, and 
agranulocytosis. In a four-way trial of antiarrhythmic drugs in 
boxer dogs w ith ventricular arrhythmias, procainamide (10 to 
12 mg/lb orally, three times a day) successfully reduced 
the frequency of ventricular ectopy. However, the frequency 
of syncope was unaffected, and there were substantial side 
effects. 46 

Class IB Drugs 

Class IB agents block fast sodium channels, which decreases 
the slope of phase zero, depresses automaticity, and increases 
the threshold for VF. These drugs have an affinity for binding 
with inactivated sodium channels, thereby acting selectively 
on diseased or ischemic tissue. Minimal effects are seen on 
the sinus node, AY node, and atrial muscle or on inotropy. 
Lidocaine, phenytoin, tocainide, and mexiletine are examples 
of drugs in this class (Table 202-1). 

Lidocaine is used for acute control of life-threatening ven¬ 
tricular arrhythmias. In usual doses it is not likely to affect 
myocardial contractility, systemic arterial blood pressure, the 
QRS complex, or AV conduction time, 3 although extremely 
high doses have been shown to decrease ventricular contractility. 
Lidocaine suppresses a u tom aticity and conduction velocity 
and prolongs refractoriness in ischemic cardiac cells. 

Lidocaine is most effective when used intravenously, owing 
to first-pass hepatic metabolism. It is less than 10% protein 
bound. Hepatic disease, chloramphenicol, propranolol, 
halothane, cimetidine, and norepinephrine may all delay 
hepatic metabolism of lidocaine. Hepatic microenzyme 
inducers enhance degradation. 

Lidocaine intoxication results in ataxia, mental depression, 
and seizures. These signs usually subside within minutes after 
lidocaine infusion is discontinued. Diazepam or a short-acting 
barbiturate may be necessary to control seizures. Lidocaine may 
be administered by slow (2 to 5 minute) intravenous loading 
bolus (1 to 2 mg/lb) followed by a continuous rate infusion 
(CRI) of 10 to 30 pg/lb/min in dogs. Alternatively, after the 
initial bolus, an additional amount can be given at half the dose 
every 10 minutes to maintain the rhythm. Caution is recom¬ 
mended when using lidocaine in cats because of historical reports 
of bradyarrhythmias and sudden death. Lower bolus doses of 
0,25 to 0.5 mg/lb slowly followed by 5 to 10 pg/lb/min CRI 

recommended for cats. Intramuscular lidocaine is less efficacious 
and is rarely used. 

Tocainide and mexiletine are structurally analogous to lido¬ 
caine but have oral bioavailability. Response to lidocaine may 
not be a predictor of response to these oral agents, however, 

Tocainide is orally absorbed and undergoes hepatic 
metabolism and renal excretion. It may be used after lidocaine 
or as initial treatment in a hemodynamically stable patient. At 
6,8 to 11.4 mg/lb orally every 8 hours, peak levels were reached 
in cardiomyopathic Doberman pinscher dogs after 2 hours 
and began to diminish by 8 hours. Fifteen of 23 (70%) dogs 
experienced a 90% diminution of VT, and there was a 70% 
reduction of all PVCs in 80% of the cardiomyopathic dogs. 
Although there was no relationship between dose and serum 
concentration, dogs without signs of toxicity had serum levels 
under 11 mg/L and all those with toxic signs exceeded 
14 mg/L. 113 Side effects observed within 8 days are weakness, 
head tremor, ataxia, and head bobbing. Long-term side effects, 
including corneal dystrophy, corneal edema, and renal failure, 
were observed in more than 50% of dogs, 113 114 
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CLASS 1 ANT1ARRHYTHMICS (Table 202-1^ 


Class 1 drugs selectively block the fast sodium channels, 
decreasing sodium influx during phase zero of depolarization. 
A reduced slope of phase zero is the manifestation of decreased 
conduction velocity. Slowed conduction velocity can interrupt 
a reentrant pattern. 3 These drugs work best in cells dependent 
on the fast sodium channel for their action potential, such as 
normal and ischemic Purkinje cells and ventricular myocardial 
cells. Within this class are three subgroups, distinguished by 
their electrophysiologic and antiarrhythmic differences. Most 
of the compounds within this class fail to perform adequately 
in the presence of hypokalemia. 

Class IA Drugs 

Class IA antiarrhythmic drugs are intermediate sodium channel 
blockers that markedly depress phase zero action potential, 
depress conduction of electrical impulses through the heart, 
and slow cardiac repolarization by lengthening the effective 
refractory period. 3 By depressing die conduction velocity and 
prolonging the refractory period, arrhythmias dependent on 
re-entry may be interrupted. Drugs in this class include quini- 
dine (prototype IA drug), procainamide, and disopyramide 
(Table 202-1). Quinidine decreases the rate of spontaneous 
depolarization in pacemaker fibers, prolongs anterograde refrac¬ 
toriness accessory pathways, and can suppress or trigger 
delayed afterdepolarizations. Quinidine may prolong the FR 
interval, widen the QRS complex, and lengthen the QT inter¬ 
val, and it was originally indicated for the control of supraven¬ 
tricular and ventricular arrhythmias. Today it and the other 
class IA drugs have very limited usefulness in clinical antiar¬ 
rhythmic therapy of small animals. Pro arrhythmic and other 
side effects make quinidine an agent that is now rarely used. 

Procainamide has cardiac effects similar to those of quinidine. 
However, its propensity for inducing hypotension with intra¬ 
venous use or increasing ventricular rates from enhanced AV 
conduction is less than that of quinidine. Procainamide specifi¬ 
cally has been demonstrated to prolong the effective refractory 
period and slow conduction in the accessory pathway of dogs 

with orthodromic AV reciprocating tachycardia. 111 

Procainamide is metabolized by the liver and eliminated 
by the kidneys. The sustained release formulations may be 


are 




SECTION XI 


* Cardiovascular System 


1072 


Mexiletine is absorbed orally and undergoes less than 10% 

first-pass hepatic elimination. It is 70% protein bound. The 

drug is eliminated by renal excretion, and its half-life varies 
depending on urine pH. Side effects are infrequent in the dog 
but can include nausea, in appetence, and tremor, 115 Sinus 
bradycardia, ataxia, dizziness, and thrombocytopenia are other 
potential problems. No data exist regarding its use in cats. In a 
group of Boxers with familial arrhythmia, mexiletine was 
given jointly with the beta-blocker atenolol as one of four 
forms of therapy being tested. This anti arrhyth mi e therapy 
reduced the frequency and "grade” of ventricular arrhythmia, 
and there was a reduction in peak heart rate. However, the fre¬ 
quency of syncope was not reduced with this form of treat¬ 
ment or with any other in the study. 46 Mexiletine is only 
available in the oral formulation in North America. Both 
iietine and toe amide appear to have synergistic properties 
when combined with class IA or class II agents. 46 


Beta-blockade is indicated for supraventricular tachycardias, 
including atrial flutter, A Fib, and pre-ex citation tachyarrhyth¬ 
mias. It is more effective in controlling the ventricular rate 
response to AFib when combined with digitalis. Beta-blockade 
should be helpful in ventricular arrhythmias induced by sym¬ 
pathetic stimulation. 120 It may be used in combination with 
a class I agent for refractory ventricular tachyarrhythmias in 
the dog 46 or alone as the primary agent in the cat. Beta-blockade 
traditionally has been useful in the treatment of systemic 
hypertension, obstructive heart disease, 121 thyrotoxicosis, and 
digitalis toxicity. Elimination of propranolol paradoxically 
longer in hyperthyroid cats than in euthyroid cats. Additional 
roles in the management of pheochromocytoma, theobromine 
intoxication (see Figure 202-25), dilated cardiomyopathy, and 
portal hypertension are possible. 119 

Contraindications include AV block and SSS (unless a 

functional artificial pacemaker is in place). Many b eta - bl ockers 
are not cardioselective (i.e., they exert their effects on both beta^ 
and beta 2 receptors), resulting in bronchial smooth muscle 
constriction, Nonselective beta-blockers are contraindicated 
in patients with dynamic bronchial disease. Beta-blockers, espe¬ 
cially nonselective types, may interfere with the compensatory 
response to hypoglycemia and exercise. 119 

Since the publication of the Last edition of this textbook, a 
number of clinical studies involving thousands of human patients 
have been conducted, and they have demonstrated conclu¬ 
sively that when properly initiated and titrated, some specific 
beta-blockers are of benefit in patients being treated for 
CHF (see Chapter 199). H7 - 1 22 - 1 25 Of specific interest in CHF, 
carvedilol has both beta-adrenergic and alphaj -blocking activity, 
which provides additional vasodilation. These effects appear 
to be unrelated to the drug's antiarrhythmic action. However, 
other beta-blockers that do not also possess alpha (-blocking 
properties are also similarly effective in treating heart failure 
patients. 124 When administered correctly, beta-blocking drugs 
improve long-term myocardial function through a number of 
mechanisms. 1 1 ^ 1 1 ®h 1 25, 1 26 Because of the potential for adverse 

effects from excess beta-blockade, the dose rate must be indi¬ 
vidually titrated. 127 Side effects of beta-blockade therapy include 
lethargy, fatigue, depression, anorexia, vomiting, and diarrhea. 
Adverse reactions might include hypotension, onset or recur¬ 
rence of CHF, AV block, bronchospasm, or hypoglycemia. 
Myocardial depression may be addressed with carefully titrated 
isoproterenol or dobutamine infusions, and sinus bradycardia 
with atropine or glycopyrrolate administration, but preven¬ 
tion of these effects through slow, meticulous up-titration and 
regular monitoring is the preferred course. After chronic oral 
use, drug withdrawal should be gradual to prevent acute 
arrhythmia induction or systemic hypertension. 

When a beta-blocker is given to patients with CHF, they 
must be euvolemic. That is, patients receiving beta-blockers 
under any circumstance should not have pulmonary edema or 
other form of critical fluid retention. The slight decrease in heart 
rate and ven tri cu 1 ar contra ctil ity th at m ay occur with even small 
doses of these agents may mean the difference between survival 
and decompensation in a patient with fulminant pulmonary 
edema, for example. Other contraindications for beta-blockers 
include systemic hypotension and peripheral vascular disease. 

Cardioselective (beta r b)ocking) agents exert their primary 
effect on cardiac beta ( receptors, especially at lower doses. This 
property is helpful in patients with asthma, chronic bronchial 
disease, hypoglycemia, peripheral vascular disease, or thrombosis. 
Atenolol, esmolol, and metoprolol are examples of beta r 
selective blockers. Other beta-blockers possess mild intrinsic 
sympathomimetic activity (ISA) that provides some protection 
for patients with underlying myocardial failure or those depen¬ 
dent on high sympathetic tone to maintain cardiac output. 

As with all beta-blockers, dose must be titrated individu¬ 
ally. Published doses are target doses, and initiation of therapy 


is 


mex- 


Class It Drugs 


Class IC drugs are blockers of slow sodium channels and are 
strong depressants of phase zero and conduction velocity. 
They exert a minimal effect on refractoriness or action potential 
duration. They are indicated for supraventricular and 
ventricular arrhythmias and arrhythmias involving accessory 
pathways. They are notorious in humans for their proarrhythmic 
tendencies when given in patients with coronary artery disease. 
They depress contractility, cardiac output, and systemic blood 
pressure. These drugs are contraindicated in the presence of 
AV block, BBB, and myocardial depression. Flecainide and 
propafenone are class IC agents. 

Flecainide is indicated for paroxysmal supraventricular 
tachycardia (SVT) and paroxysmal AFib but not for chronic 
AFib or in patients with ventricular dysfunction, ventricular 
hypertrophy, ischemic heart disease, or valvular heart disease. 
It has not been studied in clinical small animal medicine. This 
drug may induce or aggravate congestive heart failure. 

Propafenone has local anesthetic effects and a direct stabi¬ 
lizing action on myocardial tissue, as well as weak beta- 
adrenergic-blocking activity. It prolongs A-V nodal conduction 
* (A-H and H-V) and has negative inotropic action. It is effective 

against many SVT and accessory pathway arrhythmias but has 
not performed as well as had been hoped in the context of 
treating ventricular arrhythmias, 116 In structurally normal hearts, 
proarrhythmia is unlikely in humans. Propafenone is only 
available In the oral form in North America. 


some 


CLASS 11 ANT1ARRHYTHMICS 


Class II antiarrhythmics (beta-blockers) decrease or nullify 
the electrophysiologic and arrhythmogenic effects of beta- 
adrenergic sympathetic stimulation. 117 ' 119 The magnitude of 
the beta-blockade effect is dependent on the prevailing level 
of sympathetic tone. Sympathetic stimulation increases the 
likelihood of slow calcium channels opening and increases the 
rate of pacemaker discharge. Overall, beta-blockers depress 
the slope of phase 4 depolarization and minimally raise the 
threshold for activation in sinus and AV nodal cells, thereby 
suppressing automaticity. The effect of beta-blockers on normal 
cell refractoriness and conduction is modest, and it is unlikely 
that they influence cardiac repolari 2 ation. As a result of the 
negative inotropic (contractility), chronotropic (rate), and 
dromotropic (AV node clearance time) effects, cardiac output is 
reduced and myocardial oxygen requirements and LV work are 
decreased in normal tissue. In the past several years the benefi¬ 
cial effects of beta-blockers have become increasingly recog¬ 
nized in the setting of severe myocardial disease, where initiation 
of treatment at extremely low doses and careful up-titration 
appear to provide a long-term cardioprotective effect. 
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often begins at one eighth, one quarter, or one half of these 

doses, with the lowest fraction used when the myocardium is 
most dyskinetic (hypocontractile]. 127 For example, in healthy 
dogs, acute carvedilol doses of 1.5 mg/kg orally, twice a day 
are tolerated and effective at preventing STachd 28 However, 
in dogs with experimentally induced mitral regurgitation, a 
target dose of 0.4 mg/kg once daily of carvedilol should be 
reached via initiating the drug at a dose of O.Z mg/kg or less, 
because a small but significant, acute decrease in systemic 
blood pressure is seen with the 0.4 mg/kg dosed 27 In general 
with beta-blockers, careful up-titration from small initial doses 
is the rule, especially with a history of GHF Retitration is also 
required when switching to sustained release formulations. 
1 n tra ven ous th era py is reserved for acute arrh yth mi as, especi a LLy 
anesthetic- or pre-excitation related supraventricular tachy¬ 
cardias (see Class IV Antiarrhythmics, following}. 

Propranolol was the standard beta-blocker used in veterinary 
medicine for years, and it remains the drug against which newer 
agents are compared. It blocks both beta 3 and beta z receptors. 
It is well absorbed orally, experiences large and variable first- 
pass hepatic and portal elimination, and has variable plasma 
protein binding. The half-life is 3 to 6 hours in dogs, but effects 

may persist long enough to require only tw ice-daily dosing after 
prolonged use. Lethargy in cats is a prominent side effect. Beta¬ 
blocking agents w ith longer durations of action are often used 
in place of propranolol 

Atenolol is a beta [-selective agent with the advantage of 
requiring once or twice daily dosing in cats. In nine normal 
cats, atenolol reduced heart rates for 12 hours or more; 
p-blockade was not evident at 24 hours using an oral dose of 
1.4 mg/lb,A practical approach for determining whether 
once daily or twice daily atenolol dosing is best for a particular 
cat consists of initiating the medication to be given once daily 
in the evening. A daytime recheck visit is scheduled for 7 to 
14 days after initiation of treatment, and if an exam room 
heart rate is superior to the desired maximum with beta- 
blockade (e.g., maximum 180 bpm in a chronic heart failure 
patient; maximum 160/min in a compensated patient never 
having been in heart failure), then the dose is increased to 
twice a day In a four-w r ay drug study involving boxer dogs 
with familial arrhythmia, atenolol alone at 0.17 to 0 + 27 mg/lb 
did not change the frequency or "grade" of ventricular ectopy 
or the heart rate, and there was no reduction in the frequency 
of syncope. 46 When atenolol was combined with mexiletine, 
results were slightly more positive (see previous discussion). 

Another longer-acting drug, metoprolol, is effective in dogs 
requiring beta-blockade and in those with CHF associated 
with MVD or DCM. Studies of induced CHF in dogs indicate 

efficacy of a sustained release human formulation for the dog, 
and suggest a possible beneficial increase in ejection fraction 
when beta-blocking agents are added. 130 

Esmolol is an ultrashort-acting (9 minutes), rapid onset 
(2 minutes), cardioselective beta-blocker. It has been used as a 
trial agent (initial dose of 0.05 rng/lb intravenously; may 
increase to dose of 0.22 mg/lb [0.5 mg/kg] given intravenously 
over 1 minute) to transiently block AV nodal conduction in 
supraventricular arrhythmias 63 and at a similar dose over a 
period of 6 minutes to reduce LV outflow tract gradients in cats 
with obstructive hypertrophic cardiomyopathy 131 It may also 
be given at the lower dose to temporarily slow a supraventricu¬ 
lar tachycardia, which can assist in identifying its ECG features 
for an accurate diagnosis or may terminate the arrhythmia. 


myocardium s ability to generate a new action potential before 
repolarizing, and thus these drugs slow or terminate tachycardia. 
These effects are most pronounced at higher heart rates. These 
drugs lengthen the action potential duration in a tachycardia, 
but they should have few effects at normal heart rates. They 
are noted for increasing the threshold for AFib and VF. Each 
drug in this class also frequently displays properties of other 
anti arrhythmic classes. This drug group includes amiodarone, 
sotalol, bretylium, ibutilide, and dofetilide {Table 202-1). 
Only the first three agents are used in small animal medicine, 
and bretylium is expected soon to be unavailable because of 
the exhaustion of the world supply of bretylium. 

Amiodarone is one of the drugs of choice for many supraven¬ 
tricular and malignant ventricular tachyarrhythmias in humans. 
It exhibits properties of all four classes of anti arrhythmic agents 
and thus is considered 

Unlike many antiarrhythmics, amiodarone has not been linked 
to increased mortality in large clinical trials in human cardiol¬ 
ogy, and it is second only to automated internal defibrillators 
in terms of beneficial outcomes in human patients with severe 
ventricular arrhythmia. 116 It may be useful in dogs with LY 
systolic dysfunction and to offer rate control, as well as for 
converting acute AFib to sinus rhythm. Amiodarone relaxes 
vascular smooth muscle, resulting in a decreased afterload that 
also may be beneficial. Amiodarone increases serum digoxin 
levels so that the dose of digoxin should be halved. Quinidine 

and procainamide levels are also elevated. 133 Side effects 
reported in humans include liver damage, photosensitization, 
thyroid derangements, ocular lesions, and irreversible pul¬ 
monary fibrosis. In dogs, neutropenia and hepatopathy have 
been reported with amiodarone treatment, 134 as have 
anorexia, GI disturbances, hepatopathy, and positive Coombs" 
testing. 135 These signs resolved with discontinuation of treat¬ 
ment. Anecdotal reports of acute hypersensitivity, hyper- or 
hypothyroidism, likewise have surfaced but are not conclu¬ 
sively attributable to the drug. In an experimental study, 
normal dogs given amiodarone 12 mg/lb orally, twice a day for 
3,5 weeks, followed by 12 to 14 mg/lb orally, once a day as main¬ 
tenance, had serum amiodarone concentrations considered to 
be therapeutic (1 to 2.5 pg/mL) within 4 days, but these 
levels only reached a steady state after 11 weeks of treat¬ 
ment. 37 However, several anecdotal reports have surfaced 
indicating that adverse effects occur at this dose and that a 
lower dose may be preferable, such as 4.5 mg/lb orally, twice 
a day for 1 week and 2.2 to 3.8 mg/lb orally, once a day subse¬ 
quently for maintenance, 136 No clinical reports exist in veterinary 
medicine that address hemodynamic or electrophysiologic 
effects that could indicate proarrhythmi 
humans with the long QT syndrome Despite the dear benefits 
of amiodarone in human cardiology, acceptance in veterinary 
medicine is compromised by these descriptions of adverse 
effects and the lack of reports indicating a benefit of amio¬ 
darone therapy over other antiarrhythmic agents. Amiodarone 
use has not been described in cats. 

Sotalol provides both class III (higher dose) and class 11 
(1-isomer, lower dose) effects. It is not a negative inotrope and 
thus does not decrease LV contractility. It induces systolic and 
diastolic hypotension and is considered to have -30% beta¬ 
blocking potency compared with propranolol. It is considered 
to be protective against proarrhythmia, particularly life- 
threatening ventricular arrhythmias. Currently, only ^/-sotalol, 
which combines the class III and class II effects, is used 
[d -sotalol caused increased mortality in human clinical trials 
and is not advocated). 

In the first reported veterinary study using sotalol, three 
classes of Boxer dogs with familial ventricular arrhythmia 
were identified: asymptomatic, syncopal, and CHF, Slowing of 
the heart rate and first-degree AV block were the only side 
effects observed, although proarrhythmic effects have been 
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broad-spectrum” antiarrhythmic. 


major concern m 


CLASS ill ANTIARRHYTHMICS 


Class 111 drugs specifically prolong the action potential duration 
and the refractory period, principally by inhibiting the repolar¬ 
izing potassium channel (I^J. This class of drugs reduces the 
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suspected in other cardiomyopathic dogs with sotaloh 
The dose of sotalol administered to these dogs was 0.44 to 
2.8 mg/lb/day twice a day orally titrated to effect. The heart 
failure dogs received less medication, up to 104 mg/day aver¬ 
age versus the syncopal group at 183 mg/day. Syncopal signs 
were diminished on sotalol therapy and dogs with markedly 
diminished shortening fraction did not appear to exhibit unto¬ 
ward drug effects. 139 In a second study comparing four types 
of treatment for familial ventricular arrhythmia of Boxers, 
sotalol 0.68 mg/lb to 1.6 mg/lb orally twice a day significantly 
reduced the number of PVCs, arrhythmia grade, and maxi¬ 
mum and minimum heart rates. However, there was no sig¬ 
nificant change in the occurrence of syncope for sotalol or for 
any of the other three treatments studied. 46 Sotalol has been 
effectively administered to cats with severe ventricular 
arrhythmias at 10 to 20 mg orally every 8 to 12 hours. 136 It is 
thought that class 11 effects are predominant at lower doses and 
class III effects are predominant only at higher doses (>160 mg 
in humans), 

SotaloLs good oral absorption is reduced when given with 
food. Steady state is reached within 2 to 3 days. It is indicated 
for life-threatening ventricular arrhythmias, may he used with 
caution in CHF, and should not be abruptly discontinued. 
Sotalol is used cautiously with other drugs that decrease blood 
pressure, as well as other antiarrhythmics, specifically those 
that prolong the Q-T interval. The authors of this chapter 
have observed prolongation of the P-R interval with sotalol 
treatment in dogs, as has been reported anecdotally. No overt 
problems or progression occurred, and it was not necessary to 
discontinue the drug concurrent with this finding. 


in AFib, except if LV thickening is present. Comparison stud¬ 
ies in dogs between diltiazem and beta-blockade, with 
without digoxin, are not available. Diltiazem-jnduced vasodi¬ 
lation may create a reduction in afterload that is of chronic 
benefit to the patient with systolic heart failure. 140 Regular 
(not sustained release) diltiazem has been administered to 
cats with hypertrophic cardiomyopathy in a nonplacebo- 
controlled study Over 6 months there was a reduction in LV 
and septa! wall thickness and a reduction in LA size. 142 The dose 
of diltiazem for dogs and cats is 0,2 to 0.7 mg/lb three times a 
day. However, because three-times-daily dosing of a lifelong 
drug can be extremely challenging for many cat owners, sus¬ 
tained release formulations of diltiazem (e.g,, DilacoP®, 

Cardizem-CD®), which carry the advantage of once daily 

administration, have been used extensively. Evidence has 
shown that cats receiving 4,4 mg/lb oral sustained release 
diltiazem CD have plasma concentrations of the drug that are 
similar to cats receiving 0.44 mg/lb regular diltiazem orally, three 
times a day 143 However, sustained release diltiazem is ham¬ 
pered by its apparently Iow r er efficacy at preventing STach 
when compared with the beta-blocker atenolol, as well as a 
significant occurrence of reversible but severe adverse effects 
including anorexia, vomiting, lethargy, and evidence of hep- 
atopathy in a substantial proportion of treated cats in one 
large prospective, placebo-controlled study. 144 For these rea¬ 
sons, sustained release diltiazem is used cautiously or not at all 
in cats with hypertrophic cardiomyopathy 

For intravenous treatment of supraventricular tachycardias, 
diltiazem has been recommended at 0.2 to 0.44 mg/lb 141 or 
0.12 mg/lb over 2 minutes and repeating until conversion or 
a maximal dose of 2.2 mg/lb has been reached. These high 
doses are reserved for patients with tachycardia and a struc¬ 
turally normal heart. Patients with a structurally compromised 
heart (eg*, cardiomyopathy) should be given one-sixth to one- 
quarter of the starting dose (i.e, 0,02 to 0.03 mg/lb) initially, 
and then the dose should be titrated upwards to effect. If the 
tachycardia is a physiologic response to a systemic problem 
(e.g., hypovolemia, CHF), it is essential to treat the underlying 
problem first. Administration of intravenous drugs to suppress 
an appropriate physiologic t achy cardie response can be fatal. 
Intravenous rate-suppressing drugs such as the calcium channel 
blockers are given when, despite treating systemic problems 
that could trigger high heart rates (e.g., CHF), an extreme 
tachycardia persists and is felt to compromise cardiac output. 
An example is a dog with dyspnea and weakness caused by 
dilated cardiomyopathy cardiogenic pulmonary edema, and 
AFib with a ventricular rate of 310 bpm. If vigorous diuretic 
treatment, oxygen therapy, thoracentesis (if necessary), calming, 
and possibly mild sedation do not reduce the ventricular rate, 
the tachycardia itself may be compromising cardiac output 
and intravenous calcium channel-blocking (or beta - h 1 oc king) 
treatment meant to acutely and slightly lower the ventricular 
rate (e.g., to 260 bpm initally) should be considered. 
Continuous ECG and blood pressure monitoring are essential 
with all IV calcium channel-blocking agents. 

Amlodipine and nifedipine are potent vasodilators that pro¬ 
duce a marked decline in arterial blood pressure through calcium 
channel blockade. They have minimal effect on AV nodal tissue 
and are not used as antiarrhythmic agents. Instead they are used 
for treating systemic hypertension (see Chapter 130)* 

Digitalis Glycosides 

Digitalis glycosides (digoxin) have multiple effects on cardiac 
muscle and conductive tissues. Their predominant antiarrhy¬ 
thmic properties result from neuroendocrine and barorecep- 
tor effects and parasympathomimetic action on the SA and 
AV nodes and atrial muscle. 145 AV nodal conduction is slowed, 
AV nodal refractoriness is increased, and vagal tone to 
tricular muscle is increased. Digitalis glycosides are the only 


or 


CLASS IV ANTIARRHYTHfVIICS 


Class IV drugs, known as the calcium channel blockers , selec¬ 
tively inhibit slow inward calcium current channels (L-type) 
during the action potential. Calcium channel blockers inter¬ 
rupt arrhythmias resulting from abnormal automaticity and 
triggered mechanisms and inhibit re-entry. They slow the 
sinus rate and, more profoundly, AV conduction by blocking 
the inward calcium current carried by the L- (and probably T-) 
type channels. 140 By decreasing sarcoplasmic reticulum release 
of Ca+*, they also decrease the force of contraction . Decreasing 
the amount of calcium into the myocyte may help to decrease 
myocardial protein synthesis and thus attenuate the pathologic 
process of hypertrophy. They have indications for the control 
of most supraventricular tachycardias. Contraindications include 
SB, AV block, myocardial failure, SSS, and digoxin toxicity. 
Calcium channel blockers are classified as either dihydropy- 
ridines, which do not affect conduction and act principally on 
the vasculature (e.g., nifedipine, amlodipine), or nondihydropyr- 
idines, which have SA and AV nodal (but minimum vascular) 
effects (e.g., verapamil, diltiazem) (see Table 202-1 )* 

Verapamil has potent negative inotropic effects, offers mod¬ 
erate rate control, and has minimal peripheral vascular effects. 
In dogs it may slow the sinus rate, increase AV conduction time, 
or decrease the ventricular response. In acute supraventricular 
tachycardias, it is given in 0.01 mg/lb intravenously in increments 
to a maximum of 0.07 mg/lb. Acute hypotension, AV block, 
collapse, or hypocalcemia may result from overly zealous 
up-titration. Judicious calcium chloride administration may 
correct iatrogenic disturbances, 

Diltiazem’s effective antiarrhythmic properties, combined 
with minimal inotropic depressive actions, have caused it to 
be used widely in cats with hypertrophic cardiomyopathy. Its 
frequency-dependent channel blockade in the AV node makes 
it effective in slowing supraventricular arrhythmias as has 
been shown in experimental dogs. 141 It is usually used in com¬ 
bination with digoxin to effectively slow the ventricular rate 
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an ti arrh ythm i c agents that produce a positive inotropic effect, 
although this effect may be limited in degree and real benefit. 
Their primary indications for use are treatment of supraven¬ 
tricular tachycardias, which they accomplish by slowing the 
ventricular rate response. Often a second agent in combina¬ 
tion, such as a beta-blocker or calcium channel blocker, is 
needed to attain adequate rate control. Combination therapy 
of this sort is particularly beneficial because both products are 
then administered at lower doses and thus are less likely to 
induce toxic reactions. A recent, intriguing finding is an 
endogenous cardiac glycoside deficiency that appears to exist 
in some dogs with naturally occurring CHF and AFib. 

They are contraindicated in pre-excitation, because they may 
speed conduction through the accessory pathway and thus 
promote VF. Caution should be exercised with the use of 
digoxin in the face of existing ventricular arrhythmias. Dosing 
and pharmacokinetics are discussed in Chapter 399, 

Digitalis intoxication is a serious, potentially life-threatening 
event. GI signs may be the first symptoms observed. Myocardial 
poisoning may take one of several forms, all of which culmi¬ 
nate in cardiac arrhythmias. Increased sympathetic tone may 
result in increased automaticity. Slowed conduction and altered 
refractoriness may precipitate re-entry. Increased intracellular 
calcium levels predispose the cell to delayed after depolar¬ 
izations. Any of these changes can be the source of arrhyth- 
mogenesis. Electrocardiographically, VT, supraventricular 
tachycardia, junctional escape complexes, SA arrest, Wenckebach 
or other forms of AV block, and tachycardias with aberrant 
conduction may be seen. The cornerstone of treatment is to 
stop the drug immediately and completely Supportive fluid 
and electrolyte therapy should be provided as necessary. 
Hypokalemia exacerbates digitalis intoxication. Specific treat¬ 
ment for VTs may be needed. Lidocaine and beta-blockers 
may be considered, as well as many other drugs, depending on 
the predominant arrhythmia. Atropine may help patients that 
are symptomatic from bradyarrhythmias. Acute ingestion may 
be treated with cholestyramine or activated charcoal to reduce 
absorption. Soluble, intravenously administered digitalis neu¬ 
tralizing antibodies (Fab fragments) bind serum digitalis 
molecules and are the treatment of choice for life-threatening 
digitalis (or oleander) poisoning, 147 although high cost limits 
the use of this treatment. After resolution of clinical signs of 
intoxication and a minimum of 48 hours without receiving a 
dose, the digoxin may be restarted at half the dose. 

One must be aware of numerous potential drug interac¬ 
tions when using digitalis glycosides. Kaolin-pectin, metoclo- 
pramide, neomycin, antacids, and bran decrease oral absorption, 
and quinidine and verapamil may increase serum digoxin 
levels substantially. Decreased excretion may result with cap- 
top ril, verapamil, and spironolactone, 3 although newer proto¬ 
cols incorporating spironolactone therapy in the standardized 
treatment of CHF have not demonstrated this interaction to 
be a problem. 

Adenosine, Edrophonium, Phenylephrine 

Adenosine is an endogenous nucleoside occurring in all cells of 
the body. Therapeutically, when given intravenously, it slows 
AV nodal conduction and restores sinus rhythm in patients 
with paroxysmal supraventricular tachycardia. Adenosine is 
indicated as the drug of choice in human patients with acute 
paroxysmal supraventricular tachycardia, including those 
caused by the WPW syndrome (see previous discussion). 
Suggested total doses for a human adult are 1.5 to 3.0 mg ini¬ 
tially, repeated to a maximum of 6 to 12 mg. 120 In dogs, doses 
corresponding to tw f o or more times this amount on a body 
weight basis have been ineffective in abolishing supraventric¬ 
ular tachycardias, 63 and adenosine is considered much less 
effective in veterinary patients. In small animal medicine, 
adenosine's lack of a convincing advantage over intravenous 


diltiazem or esmolol and its high cost make it a second- or 
third-line treatment agent. 

Edrophonium is an anticholinesterase agent with both 
nicotinic and muscarinic side effects. This drug classically has 
been used for the diagnosis of myasthenia gravis (MG) and 
may be useful to treat SVT acutely. The dose is 0.05 mg/lb 
intravenously. Side effects include vomiting and muscular 
twitching. 3 - 120 

Phenylephrine, an alpha-adrenergic agonist, slows AV 
nodal conduction and induces vasoconstriction and hyperten¬ 
sion. A baroreceptor-media ted reflex is thought to be the 

mode of slowing SVT It is given at 0,002 to 0.004 mg/lb 

intravenously. 120 

Radiofrequency Ablation 

In human medicine, cardiac catheter-based electro physiologic 
testing followed by radiofrequency ablation of re-entrant 
circuits has become the treatment of choice for intra-atrial 
re-entry (e.g., atrial flutter) and AV reciprocating tachycardias 
such as WFW. This type of treatment can permanently interrupt 
the pathways and terminate the arrhythmia. Radiofrequency 
ablation thus offers the possibility of a permanent cure for 
certain arrhythmias including WPW and atrial flutter. 

The high rate of success, low morbidity and mortality, and 
cost-effectiveness of this technique have resulted in an 
entirely new subspecialty of human medicine dedicated to the 
study and treatment of specific electrophysiologic dysfunctions 
of the heart. In veterinary medicine, radiofrequency ablation 
has received limited attention. 10011 l - MS In addition to elimi¬ 
nating the subsequent need for anti arrh yth mic medications, 
radiofrequency ablation of arrhythmia pathways prevents, and 
can even reverse and eliminate, structural changes such as 
ventricular dilation caused by a persistent arrhythmia (tacky - 
cardiomyopathy) . 100 A1 though radioff equ ency ablation therapy 
has clear indications and applications in small animal medicine, 
the cost, need for specialized equipment, required skills, and 
limited demand restrict its use to a small number of highly 
specialized cardiac institutions at this time. 

Pacemaker Therapy 

Implantable cardiac pacemakers were first placed in human 
beings in 1958. 149 During the intervening period there has 
been a revolution in the understanding and treatment ofbrady- 
arrhythmias, as well as pacemaker and electrode technology. 149 
Whereas over one-half million pacemakers are now placed annu¬ 
ally by physicians, only several thousand have been implanted 
clinically in dogs and cats during the past four decades. 95 Internal 
cardioverter-defibrillator-pacemaker implants increasingly are 
the treatment of choice for ventricular arrhythmias in 
humans. 116 Their clinical use in dogs previously has met with 
problems, and such treatment remains under development, 150 

In small animal medicine, pacemakers are used predomi¬ 
nantly for bradyarrhythmia therapy, including sinus node dys¬ 
function (SSS), AV block, and atrial standstill. 103 - 104 151 - 352 In 
human beings, implantable electrical devices are used for pacing 
and cardioversion, defibrillation, and specific forms of heart 
failure, 149 

Costs, availability of pacemaker generators and pacing 
leads, the age and debilitated state of some candidate dogs or 
cats, and concerns regarding complications, aftercare, and gen¬ 
eral philosophy continue to restrict the availability of this tech¬ 
nique to a limited number of patients. Whereas the human 
literature is replete with articles and current recommenda¬ 
tions, such as dual-chamber versus single-chamber ventricular 
pacing, the balance of this section identifies current veterinary 
techniques and experiences with pacemaker implantation in 
North America. Although veterinary pacemaker techniques are 
not up to those used in humans, current treatment options for 
animals are discussed. 
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Reported methodology, problems, side effects, and expecta¬ 
tions are addressed in three large cases series totaling some 

300 dogs*- hb, km 

Pacemakers were originally implanted transdiaphragmatically 
using epicardial leads, 95 but now most are implanted in the 
dog transvenously through the jugular vein and attached 
internally to the RV wall. This is accomplished either with a 

"tined" lead or a lead that is screwed into the ventricular endo¬ 
cardium and myocardium. 151 - 1 - 2 In cats such adverse reactions 
to transvenous leads as chylothorax have been observed anec¬ 
dotally and in at least one report.- >4 The trend today is to 
implant epicardial leads Ln cats requiring pacemaker treat¬ 
ment. The permanent pacemaker generator is usually buried 
in a subcutaneous pocket of the neck, lateral thorax under the 
cutaneous trunci muscle, 104 or cranial abdomen and is con¬ 
nected to the pacing lead through a subcutaneous tunnel 
Anesthesia has used a balanced formula avoiding barbitu¬ 
rates, 151 and temporary pacing during the initial part of pace¬ 
maker implantation is recommended. Traditionally, temporary 

pacing was achieved transvenously, ! 51 but a recent evaluation 
of transthoracic pacing, a function found in many modem 
defibrillators in veterinary intensive care units, has demon¬ 
strated that this completely non invasive form of temporary 
cardiac pacing is effective and safe in canine patients. 154 

Pacemakers are usually identified via a three-letter 
code, 3 * 149 * 152 The first letters identify the chamber or chambers 
paced, sensed, and the response to sensing. Whereas the DDD 
mode is the preferred pacemaker for most humans, the W1 
mode is used most often in dogs and cats. It is essential to 
ensure that the pacemaker generator’s polarity and the pacing 
lead polarity are compatible. Unipolar generators may be used 
with any pacing lead that fits, but bipolar generators must 
only be used with bipolar pacing leads. 151 The pacemaker's 
program, the fit between generator and pacing lead, and the 
length of the lead must all be confirmed prior to beginning 
implantation. 

Most veterinary cardiologists and internists secure their 
pacemakers from private sources, morgues, or from the 
ACVIM Cardiology Specialty group. With limited equipment 
availability, especially pacing lead wires, clinicians must be 
gracious about the gifts they receive. New pacemakers and 
wires individually would otherwise cost tens of thousands of 
dollars for each unit. 


Perhaps a perfect pacemaker candidate does not exist. 
Patients are often older, and the pacemaker does not provide 
a cardiac panacea. Nevertheless, some stratification of progno¬ 
sis is possible. Some dogs requiring a pacemaker are in CHF 
when the need for a pacemaker is identified. These dogs gen¬ 
erally experience a marked improvement in, or resolution of, 
heart failure with pacing, but overall still have a prognosis that 
is less favorable than dogs without CHF, ln one study the 1 -year 
mortality rate after pacemaker implantation was 60% if there 
was pre-existing CHF and 25% if there was not. 103 Evidence 
of renal failure (azotemia with isosthenuria) or opportunistic 
infection (e.g. pneumonia) has resolved with pacing, and such 
findings at the time of initial diagnosis should not be consid¬ 
ered absolute contraindications to pacemaker implantation. 

New developments in cardiac pacing include the single¬ 
lead AV mode of pacing and alternate sites of generator and 
lead placement Using a specific type of single RV pacing lead, 
it is possible to pace both the atria (through a nexus in the 
lead that transmits impulses at the level of the RA) and the 
ventricles (at the distal tip of the lead). This approach offers 
several advantages, including the use of only one pacing lead 
to activate both the atria and the ventricles, and preservation 
of AV synchrony, resulting in superior hemodynamics. 155 In 
terms of placement of the pacing lead and generator, two 
reports address the high complication rate (10% overall 103 and 
up to 35% in large breed dogs 15 ^) of lead dislodgement, An 
alternative approach uses thoracotomy and passage of the 
pacing lead through the costocervical vein instead of the 
external jugular vein.This approach was successful, with none 
of six large dogs undergoing pacemaker implantation in this 
manner sustaining dislodgement of the lead.> 56 A drawback is 
the need for concurrent thoracotomy and fluoroscopic guidance, 
A second approach consists of routine transvenous jugular 
implantation but with placement of the generator under the 
cutaneous trunci muscle instead of between muscles of the 
lateral neck. This modification was associated with a compli¬ 
cation rate of only 6,7% in terms of lead dislodgement, 104 

Overall, pacemaker implantation is an effective form of 
cardiac therapy in dogs. Prolonged survival routinely is docu¬ 
mented, reported complications continue to be addressed via 
refinements of technique, and in the largest retrospective 
study of dogs with pacemakers, 80% of owners described 
a high degree of satisfaction with the procedure. 103 


and reports of few r er than 10 cats.* 153 
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anine myocardial disease is one of the most common 
forms of acquired heart disease in the dog. 3 The most 
common form of my oca rdlal disease i n th e do g is dil a ted 
cardiomyopathy hut arrh ythmogenie right veniricular cardiomy- 
op a thy hypertrophic cardiomyopathy and myocarditis, among 

others, are also reported. 


disease has been shown to be familial in almost 50% of the cases, 
caused by mutations in nine different genes. 4 The etiology 
in many cases is never determined and they are considered 

idiopathic. 

Although canine DCM is described as one disease, signifi¬ 
cant variation in the presenting complaint, clinical evaluation, 
and rate of progression has been observed depending on the 
breed of dog. s-u 

Generally DCM is a disease of Large and medium-sized dog 

breeds. Some breeds are dearly overrepresented, particularly 
in specific geographic regions. Surveys in North American 
publications find an increased incidence in the Doberman 
pinscher, Irish wolfhound, Great Dane, and Cocker spanielsJ 
European sources suggest an increased incidence of the Airedale 
terrier, Doberman pinscher, Newfoundland, and English cocker 
spaniel. 14 This difference may suggest an influence of envi¬ 
ronmental factors on the development of DCM, but more 
likely it is related to the strong genetic influences of certain 
popular dogs within an area* 

Clinical Presentation 

Dilated cardiomyopathy is an adult onset disease, with the 
exception of the Portuguese water dog. ! 1 The clinical presen¬ 
tation may be subtle and include the gradual development 
of exercise intolerance and weight loss. 15 However more 
commonly, early indications of disease may be overlooked. 
A diagnosis is not made until CHF develops and the patient is 
presented for coughing, dyspnea, tachypnea, and occasionally 
a sates. 


C 


CANINE DILATED CARDIOMYOPATHY 


Dilated cardiomyopathy (DCM) is a primary myocardial 
disease characterized by cardiac enlargement and impaired 
systolic function of one or both ventricles (Figure 203-1). 

Diastolic dysfunction may also be observed. 2 An increased 
understanding of the etiology of both the human and canine 
disease has lead to the development of the theory that DCM 
is the final result of a variety of myocardial insults including 
viral, nutritional, toxic, and genetic 1 In human beings, the 


2,13 


Physical Examination 

A soft systolic murmur consistent with mitral valve regurgitation 
and/or a gallop rhythm (S 5 ) may be ausculted at the left apex. 
A tachyarrhythmia may be noted. In some cases, these may be 
the first signs of the disease in an otherwise healthy dog. Since 
primary valvular disease is relatively uncommon in large breed 
dogs, and the detection of DCM before the de% r elopment of 
CHF may be beneficial in the long-term management of the 
case, identification of a new murmur, gallop or tachyarrhythmia 

in suspect breeds may warrant a thorough cardiac work-up. 
Although canine DCM is predominantly a left ventricular dis¬ 
ease, biventricular involvement and heart failure with jugular 
venous distension and ascites is frequently noted, particularly 
in the giant breeds. 

Electrocardiography 

Left atrial and ventricular enlargement and sinus tachycardia, 
atrial fibrillation, or ventricular tachyarrhythmias are 
common. 


Radiography 


Left atrial and ventricular enlargement with or without pul¬ 
monary venous distension and pulmonary edema may be 
observed. In some cases, biatrial and biventricular enlarge¬ 
ment may be noted. If the disease is diagnosed in the early 
stages, radiographic findings may be subtle. 


Figure 203-1 Heart from a Doberman pinscher with dilated car¬ 
diomyopathy. The left ventricle and left atrium are grossly dilated, 
(Courtesy Bruce Keene.) 
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Echocardiography 

Echocardiography is the diagnostic test of choice for canine 
DCM and is also an important part of detection of occult 
disease. Echocardiographie findings in the symptomatic patient 
should include left and sometimes right atria! and ventricul 
dilation as quantified by M-mode and two-dimensional 
surcments (Figure 203-2]. The measurements should be 
pared with the normal values for that particular breed or size 
(body surface area] of dog. fn some cases, the ventricular wall 
thickness may appear thin during diastole, but more often it is 
within normal limits. An important part of the diagnosis is 
usually concurrent left ventricular systolic dysfunction based 
upon decreased fractional shortening, ejection fraction, 
shortening area and increased end-systolic volume. ,f DoppJ 
echocardiography may be used to document a central jet of 
mitral regurgitation that may be associated with dilation of 
the ventricle. 

A differential diagnosis for DCM is severe atrioventricular 
[AV] valve disease since severe ventricular dilation and systolic 
dysfunction may be observed. Consideration of the breed of 
dog may be helpful in differentiation between DCM and AV 

valve disease since it is uncommon for many of the large breed 
dogs to develop primary valve disease. An exception to this 
may be the Cocker spaniel, a breed that has a high incidence 
of primary valve disease and also is at increased risk of DCM, 

Unfortunately, the diagnosis of the affected dog in the occult 
(asymptomatic) stage is much more difficult. In 
dilation of the ventricle precedes the development of systolic 
dysfunction and is an early indicator of DCM. 17 However, this 


is not always the case and systolic dysfunction may precede 
dilation. Annual two-dimension a I and M-mode echocardiog¬ 
raphy is recommended for adult dogs of at risk breeds or if 
early signs (e.g,, heart murmur, gallop, tachyarrhythmias) 
detected. Suggested additional studies for additive information 
when evaluation of borderline cases include measurement of the 
mitral valve annulus motion, systolic time intervals, systolic and 
diastolic performance index, and stress echocardiography. 10 - 20 
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BREED VARIATIONS 




There is an increasing amount of breed specific information 
about canine DCM. Because of differences the specific breed 
should be considered when considering etiology, developing 
treatment plans, and providing prognostic information. 

Occasionally, atypical breeds of dogs develop DCM, The 
etiology of the disease in these cases is unknown. 

Cocker Spaniels 

Dilated cardiomyopathy has been reported in both American 
and English cocker spaniels; however, DCM occurs less com¬ 
monly in this breed than valvular endocardiosisA 21 - 22 

An association between the development of DCM and lovv 
plasma taurine levels has been reported in some American 
cocker spaniels, 5 Dogs provided taurine and L-carnitine 
supplementation showed an increase in F$% and a decrease in 
LV EDO a nd LV E S D over a 4 -m onth peri od* alth o u gh m yoca r- 
dial function did not return to normal. 23 This study suggests 
that at least some Cocker spaniels with DCM may benefit 
from supplementation with taurine and, perhaps L-camitine. 
The current recommendations for American cocker spaniels with 
DCM are to measure plasma taurine levels (normal >50 ng/rnl) 
and to treat with 500 mg of taurine orally every 12 hours and 
1-0 gram of L-camitine orally every 12 hours. 23 Additional 
treatment should be given as needed to address such condi¬ 
tions as CHF and arrhythmias. The investigators suggest that 
supportive cardiovascular medications can be gradually with¬ 
drawn after the FS% increases to more than 20% (usually 3 to 
4 months of supplementation). Supplementation with taurine, 
and L-camitine if possible, should be continued for life. If taurine 
deficiency is not identified the prognosis is poorer. 

English cocker spaniels also get a form of DCM but a rela¬ 
tionship to taurine or carnitine levels has not been well studied. 
Many reported dogs were from the same kennel, which may 
suggest a heritable component. 24 ' 25 Profound evidence of left 
ventricular enlargement on the electrocardiogram with R wave 
amplitudes more than 3.0 mV in lead II was frequently 
observed. 2 -- 26 Some of the reported dogs died suddenly, but 
many have had a prolonged, fairly asymptomatic course of dis¬ 
ease, or a long sunival (years] with medical management. 24 26 

Dalmatians 

Male dogs appear to be over represented in Dalmatian DCM, 
although large studies have not been performed. 6 All dogs had 
adult onset disease and presented for signs consistent with left 
heart failure (cough, dyspnea] or syncope. None of the dogs had 
evidence of biventricular heart failure. Electrocardiography 
frequendy demonstrated sinus rhythm or sinus tachycardia 
with occasional ventricular ectopy. Atrial fibrillation was not 
observed in any of the dogs Duration of survival ranged from 
1.5 to 30 months with euthanasia due to refractory CHE None 
of the dogs died suddenly. Interestingly, the majority (8/9) of 
reported dogs had been fed a low protein diet for all or part 
of their lives for prevention or treatment of urate stones. The 
cause and effect of these diets on the development of DCM is 
not known, but Dalmatians that develop DCM that are being 
fed a low protein diet should be switched to a more balanced 
diet if possible. 
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Figure 203-2 A f M-mode echocardiogram from a normal dog 
with adequate contractility. B, M-mode echocardiogram from 
a Great Dane with a dilated left ventricle with a markedly decreased 
systolic function. 
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Occasionally Dalmatians develop acquired AV valve dis¬ 
ease, so this should be considered as an important differential 
diagnosis. 

Doberman Pinschers 

The Doberman pinscher is one of the most commonly reported 
breeds of dogs to be affected with DCM in North America. 7 L3 - 27 
It is characterised as an adult disease that results in the devel¬ 
opment of left and/or biventricular failure, often with atrial 
fibrillation. However, about 30% of the dogs develop ventric¬ 
ular tachyarrhythmias and may present for syncope or die of 
sudden death before the development of heart failure, and in 
some cases, before the development of ventricular dilation and 
systoJ ic dyshine ti o n. 28 - 29 

Dilated cardiomyopathy in this breed is believed to be 
familial, although the pattern of inheritance is not well 
documented. 311 

The clinical stage of DCM in the Doberman pinscher 
appears to he malignant in comparison to the disease in other 
breeds, The median survival time for dogs once heart failure 
has developed is 9.6 weeks. Atrial fibrillation and bilateral CHF 
are poor prognostic signs. 7 However, the occult stage appears 
to be slowly progressive (Z to 3 years), and some affected dogs 
die from noncardiac disease before they become symptomatic 
from DCM, Although there is only a small amount ol evidence, 
there may be some benefit to early diagnosis and initiation oi 
treatment in the occult stage (as discussed below) 3 * 

Some Doberman pinschers develop syncope or die sud¬ 
denly before left ventricular dilation or systolic dysfunction 
ever develops. In most cases, these symptoms are associated 
with the presence of ventricular tachyarrhythmias. However, 
bradycardia-associated episodic weakness and syncope has 
also been observed in card!omyopathie Doberman pinschers. 
Therefore Hoi ter monitoring should be performed on the 
syncopal dog to document the causative arrhythmia before 
treatment is initiated. 12 

The timing and procedure for treatment of ventricular 
arrhythmias in the affected dog is not clear cut. Rapid ventric¬ 
ular tachycardia, complex ventricular arrhythmias, or the 
combination of ventricular arrhythmias, ventricular dilation, and 
systolic dysfunction is thought to be associated with a higher 
risk of sudden cardiac death and to be indications for treat¬ 
ment, but this has not been well documented. Additionally, 
some dogs die suddenly without having any of these arrhyth¬ 
mias documented. If treatment is warranted, consideration 
might be given to the use of one of several ventricular antiar- 
rhythmics. Sotalol, a combination beta-blocker and potassium 
channel blocker, may he beneficial in some cases but should he 
used with caution if systolic dysfunction is present. Amiodarone 
has been studied in the affected Doberman pinscher at a dose 
of 10.0 mg/kg orally every 12 hours for 1 week, followed by 
8.0 mg/kg every 24 hours.After 6 months the dose may be 
reduced to 5.0 mg/kg every 24 hours. Careful evaluation of 
serum concentrations, complete blood counts (neutropenia 
has been reported), and liver enzymes monthly is suggested. 
Although the goals of treatment include decreasing the number 
of VPCs, decreasing symptoms, and decreasing the risk of 
sudden death. The ability of any anti arrhythmic to reach these 
goals for these cases has not been proven. 

Evidence that the disease is familial and that early inter¬ 
vention may increase survival has lead to significant interest in 
screening asymptomatic dogs for signs of early disease. Annual 
echocardiography and ambulatory electrocardiography 
(Halter monitoring) are believed to be the best predictors of 
early DCM, 33 34 Criteria that are believed to be indicators of 
occult disease include an echocardiographically determined 

LVEDD more than 4.6 cm and a LVESD more than 3,8 cm, 

even in the absence of systolic dysfunction, 17 These numbers 
are based on average sized dogs and may not be valid for very 


Figure 203-3 Adult Doberman pinscher with a Ho Iter monitor 
used for screening for occult disease. 


large dogs, Annual Hotter monitoring has also been recom¬ 
mended to detect Doberman pinschers that may develop 
ventricular arrhythmias before ventricular dilation and systolic 
dysfunction (Figure 203-3), Adult Doberman pinschers with 
greater than 50 ventricular premature complexes (VPCs) per 
24 hours, or with couplets or triplets are suspect for the devel¬ 
opment of DCM. 34 Owners should be advised that since this is 
an adult onset disease with variability in the age of onset, screen¬ 
ing tests should be performed annually. 

Great Danes 

Dilated cardiomyopathy in the Great Dane appears to be a 
familial diseased Affected male dogs were overrepresented, 
which suggests an X-Unked pattern of inheritance in at least 
some families. If this is true, sons of affected females are at high 
risk of developing the disease; daughters of affected fathers 
are likely to he silent carriers. 

Affected Great Danes presented most commonly for weight 
loss and/or coughing. Left-sided heart murmurs, gallops, and 
ascites were frequently observed. The most common electro¬ 
cardiographic findings included atrial fibrillation with occa¬ 
sional ventricular premature complexes. In some cases, atrial 
fibrillation may develop before any other evidence of underlying 
myocardial disease (chamber enlargement or systolic dysfunc¬ 
tion). These dogs should be carefully followed for the possible 

development of DCM, 

Irish Wolfhounds 

Atrial fibrillation frequently preceded the development of a 
heart murmur, clinical signs, and CHF in the Irish wolfhound 
with DCM and was present in the majority of dogs by the 
time they developed DCM A* 5 The progression of the disease 
is not well understood but appears to he slow, with the devel¬ 
opment of atrial fibrillation preceding the development of CHF 
by an average of 24 months. 3 Occasionally, additional electro¬ 
cardiographic abnormalities have been described, which 
include ventricular premature complexes and left anterior fas¬ 
cicular block patterns. Echocardiography is useful for separa¬ 
tion of normal dogs, dogs with occult disease, and dogs with 
clinical evidence of heart failure. 30 Affected Irish wolfhounds 
occasionally died suddenly but more commonly were eutha¬ 
nized due to heart failure, most commonly biventricular and 
sometimes with chylothorax, 35 30 

Newfoundlands 

Adult-onset DCM without a gender predisposition has been 
reported in the Newfoundland. Clinical presentation 
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included dyspnea, cough, inappetance, and ascites with left 
biventricular heart failure. Interestingly a heart 
auscultahle in a very small percentage of the dogs ( 4 out of 37) . 10 

The most common electrical abnormality was atrial fibrilla¬ 
tion, but isolated ventricular premature complexes were also 
observed. 


ARRHYTHMOGENIC RIGHT VENTRICULAR 
CARDIOMYOPATHY IN THE BOXER 
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Since the early 1980s, the term boxer cardiomyopathy has been 
used to describe adult boxer dogs that present with ventricular 
arrhythmias, and sometimes, syncope, 41 Recent studies have 
demonstrated that the disease has many similarities to a human 
disease called arrhythmogenic right ventricular cardiomyopath v 
(ARVC). The similarities between the diseases include clinical 

presentation, etiology, and a fairly unique histopathology that 
includes a fibrous fatty infiltrate of the right ventricular free 

wall. 4 " The disease is most commonly characterized by ventric¬ 
ular arrhythmias, syncope, and sudden death. However, systolic 
dysfunction and ventricular dilation are seen 
age of cases. 

Arrhythmogenic right ventricular cardiomyopathy is a 

i amiliaJ disease in the boxer and appears to be inherited as an 

autosomal dominant trait. 43 Unfortunately, the disease also 

appears to be a disease of variable genetic penetrance and 

affected dogs can have many different presentations including 

asymptomatic, syncope, sudden death, and systolic dysfunction 
with CHE 

The most common presenting complaint is syncope. 
Episodes of syncope may be but are not always associated with 
a period of exercise or excitement. Some dogs present for exer¬ 
cise intolerance or lethargy and others die suddenly without 
ever developing symptoms, infrequently (approximately 10% of 

affected dogs), a dog may present with signs ofleft or biven¬ 
tricular heart failure. 

Most affected Boxers have a completely normal physical 
examination* However, a tachyarrhythmia may be ausculted. 
In the small percentage of cases with ventricular dilation and 
systolic dysfunction, a systolic murmur and/or gallop ($ 3 ) 
may be ausculted at the left apex* Infrequently, signs of right 
heart failure (ascites and jugular venous distension) may be 
observed. The Boxer breed also has a very high incidence of 
left basilar systolic murmurs. These murmurs may be associ¬ 
ated with aortic stenosis, or potentially may be physiologic* 
Many boxers with ARVC have these murmurs in addition 
to their arrhythmic disease, but left basilar systolic heart 
murmurs are not an indication of boxer ARVC 

A 2- to 5-mlnute electrocardiogram is frequently normal in 
the affected Boxer. However, ventricular premature complexes 
(VPCs) may be present singly, in pairs, and in runs of paroxys¬ 
mal ventricular tachycardia (Figure 203-4) . The VPCs typically 

have a left bundle branch block morphology in leads I, II, ill 
and AVI', consistent with the right ventricular origin of this 
arrhythmia. 44 In some cases, the ventricular arrhythmias that 
cause syncope may not be observed on the electrocardiogram 
and a 24-hour Hoi ter monitor should he performed to evaluate 
for arrhythmias. Interpretation of the Hoi ter results 
times he challenging because strict criteria for this diagnosis 
do not exist. However, since it is unusual for a normal dog to 
have any VPCs in a 24-hour period, the observation of more 
than 100 VPCs, or periods of couplets, triplets, or runs of 
ventricular tachycardia are abnormal and may be diagnostic 
in a dog with clinical signs. 45 Supraventricular premature 


Portuguese Water Dogs 

A juvenile form of familial DCM has been reported in the 
Portuguese water dog,* 1 ^ Affected puppies were from appar¬ 
ently unaffected parents. Puppies died from CHF at an average 
age of 13 weeks after a very rapid course of disease. 

Treatment of the Dog with Occult 
Dilated Cardiomyopathy 

Administration of angiotensin converting enzyme (ACE) 
inhibitors may have some benefit lor the dog with early ventric¬ 
ular dilation, with or without systolic dysfunction. Specifically, 
the use of ACE inhibitors (enalapril, lisinopril, captopril) in 
the Doberman pinscher with ventricular dilation was found to 
prolong the amount of time before die onset of CHF. 3 * Although 
this study was limited to evaluation of Doberman pinschers, 
the use of ACE inhibitors for other breeds of dogs with occult 
DCM may be considered. This information provides addi¬ 
tional support for the practice of screening adult dogs that 
at increased risk of developing DCM because of their breed, and 
perhaps a family history, to allow early medical intervention. 

Ad m in istrati o n of beta-blockers at this stage is still being 
evaluated. The addition of low-dose beta-blockers to the treat¬ 
ment of human patients with DCM and stable heart failure has 
demonstrated a reduction in both mortality and morbidity, 37 
However, many human patients with DCM cannot tolerate even 
very low doses of beta-blockers and demonstrate rapid cardiac 
decompensation. The use of beta-hlockers for the canine patient 
with DCM has not yet been well studied and 
opinion on use of these drugs for patients is not yet available, 

Beta-blockcrs might be considered for the patient with 
occult disease, but they should be very carefully monitored 
and should not be given once there is evidence of fluid retention 
and heart failure until it is very well stabilized. The optimal 
beta-blocker for this purpose appears to he carvedilol because 
of its effects on both alpha and beta-receptors* It cannot be 
overemphasized that the addition of beta-blockers in canine 
DCM patients should be done very cautiously with gradual 
increases in dosing after a 2-week period and careful monitoring 
of heart rate, blood pressure, and symptomology. 

Treatment of the Dog with Dilated 
Cardiomyopathy and CHF 

There are no specific therapeutic recommendations for the treat¬ 
ment of DCM other than those mentioned above. Nonspecific 
treatments, including surgery' and nutritional supplementa¬ 
tion, have been reported but have not yet been shown to have 
significant long-term benefits for most dogs. 3 * 40 As discussed 
above, early diagnosis and intervention may he of the most 
benefit, A thorough discussion of treatment of the dog with 
CHF is provided elsewhere in this textbook. 
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Figure 203-4 An electrocardio¬ 
gram from a syncopal Boxer with 

ARVC Sinus rhythm with a sudden 
onset of ventricular tachycardia is 
present, (Courtesy Alan Spier.) 
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If echocardiography demonstrates systolic dysfunction 
and ventricular dilation treatment for DCM (ACE inhibitors, 
etc.) may be warranted. Additionally supplementation with 
L-carnitine might be considered at a dose of 50 mg/kg, every 
8 to 12 hours, orally since a small number of affected Boxers have 
demonstrated improvement in systolic function and prognosis 
after supplementation. 41 * 

Dogs with ARVC are always at risk of developing sudden 
death. However, many dogs may live for years on antiarrhythmics 
without symptoms, some of these may eventually develop 
ventricular dilation and systolic dysfunction. 


complexes may also be observed, particularly in boxers with 
ventricular dilation and systolic dysfunction. 

Thoracic radiographs are usually within normal limits. 
However, in the small number of cases with left ventricular 
dilation and systolic dysfunction, generalized cardiomegaly 
with pulmonary edema and/or pleural effusion may be noted. 

Echocardiography is an important part of the evaluation 
because ventricular dilation and systolic dysfunction may 
occur, but in most cases affected dogs have normal chamber 
sizes and systolic function. In some cases, careful evaluation 
will allow' the identification of right ventricular enlargement. 

The familial etiology of ARVC has led to a widespread 
interest in screening dogs before selection of them as breedi ng 
animals. Since ARVC presents as an electrical abnormality more 
often than one of myocardial dysfunction, screening efforts 
should be based on annual Holter monitoring as well as annual 
echocardiography. Unfortunately, clear criteria for the diagnosis 
of occult ARVC do not exist. However, dogs that are symp¬ 
tomatic (syncope, heart failure ] or have evidence of ventricu¬ 
lar tachycardia on a Holter should not be used for breeding. 
Additionally, dogs that have over 100 left bundle branch block 
morphology VPCs in 24 hours are probably highly suspicious 
of being affected. However, not all affected dogs will ever 
develop clinical signs and many may live a normal lifespan. 

It is likely that there are multiple factors that may influ¬ 
ence which dogs become symptomatic for the disease. To help 
decrease the risk of making an error when adding or removing 
a dog from a breeding program, owners should be encouraged 
to screen annually rather than putting significant emphasis on 
a single Holter monitor reading. Since the disease is adult 
onset and an increase in VPCs has been observed with age in 
affected animals, an animal that is clear at the age of 2 is not 
guaranteed to stay clear. Additionally, an animal with a few 
hundred VPCs at the age of 2 years may have more, less, or 
the same number the next year. Until a greater understanding 
of disease inheritance and disease progression exists, caution 
should be used when advising breeders to remove dogs from 
breeding programs. Oversealous removal of animals based on 
the results of a single Holter monitor may have a significant 
negative impact on the breed. 

At this time, there is no evidence that treatment will signifi¬ 
cantly alter the outcome for affected dogs. However, treatment 
has been shown to decrease the number of syncopal episodes. 

If an arrhythmia is detected on routine examination in an 
asymptomatic dog a Holter monitor should be performed to 
evaluate for the frequency and complexity of the arrhythmia. 
Although a strict relationship between the development of 
symptoms and the number of VPCs does not exist, treatment 
is generally started if more than 1000 VPCs occur in 24 hours, 
runs of ventricular tachycardia occur, or evidence of the R on T 
phenomenon exist. Owners should be advised that ventricular 
antiarrhythmics have the potential for proarrhythmic effects 
and that treatment is not known to decrease risk of sudden 
death. 
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MYOCARDITIS 


Myocarditis is defined by the presence of myocardial necrosis 
or degeneration and inflammation. 40 A variety oi physical, 
chemical, and infectious agents can damage the myocardial 
tissue and evoke an inflammatory response. In the dog, protozoal 
and viral organisms are reported most commonly. 

Chagas 1 disease, caused by the protozoan parasite 
Trypanosoma cruzi , has been reported in the dog, particularly 
in the southern part of North America, Three stages of infection 
have been described: acute, latent, and chronic. The acute stage 
is characterized by lethargy, generalized lymph adenopathy, 
pale mucous membranes, increased capillary refill time, and 
hepato-splenomegaly. 50 This stage is associated with a variety 
of electrocardiographic (ECG) abnormalities, including sinus 
tachycardia, prolonged PR interval, decreased R wave ampli¬ 
tude, axis shifts, and conduction disturbances, 51 Sudden death 
may be observed. Dogs that survive the acute stage may enter 
a prolonged latent period during which the clinical signs 
appear to regress. 50 The chronic stage of Chagas' disease is 
associated with signs of progressive right-sided cardiac dysfunc¬ 
tion, ascites, pleural effusion, hepatomegaly, and jugular venous 
distention. 50 Occasional ventricular tachycardias have been 
reported, 51 Diagnosis is most commonly performed by serology, 
although the acute form can sometimes be diagnosed by the 
presence of circulating trypo m astigotes on thick blood smears. 
In general, treatment of Chagas disease is directed at palliation 
since destruction of the intracellular form oi the parasite may 
result in severe exacerbation of the host inflammatory response. 

Additional protozoan parasites that have been associated 
with the development of myocarditis include Neopsora caninum 
and Toxoplasmosis gondii, 

Parvovirus myocarditis is an uncommon form of myocardial 
disease. It may present with a peracute form that affects puppies 
between 3 and 8 v^eeks of age. Puppies present with acute 
dyspnea consistent with severe left heart failure and die w'jthin 
hours, 54 At necropsy, the hearts are found to be dilated with 
multifocal myofiber necrosis, mononuclear ceil infiltrate, and 
intranuclear inclusion bodies in the myocardial nuclei. 5455 
A second form of the disease in juvenile dogs {generally less 
than 1 year of age) may be very similar to DCM, 

Infrequently, infectious organisms including bacteria Bacillus 
pi lifor mis, Citrobacter koseri, and the spirochete Borrelia 
burgdorferi have been associated with the development of 
myocarditis. 57 - 58 
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Dogs with syncope and ventricular arrhythmias are gener¬ 
ally started on treatment. There are two choices for treatment 

that are well tolerated and have been shown to decrease VPC 
number and complexity: sotalol at a dose of 1.5 to 3.5 mg/kg, 
every 12 hours, orally or the combination of mexiletine at a 
dose of 5 to 8 nig/kg, every 8 hours, orally and atenolol at a 
dose of 12,5 mg/DOG, every 12 hours, orally, 46 It is likely that 
there is individual variation for drug response and if a poor 
response is observed with one drug, a different one may prove 
to more effective. Ideally, a Holter monitor would be placed 
before starting therapy and repeated 2 to 3 weeks after starting 
therapy to prove that the therapy ls helping. Significant day- 
to-day variation in VPC number exists and a therapeutic effect 
is likely to exist if at least an 85% reduction in VPC number 
while on medication is observed 47 


HYPERTROPHIC CARDIOMYOPATHY 


primary myocardial dis- 


Hypertrophic cardiomyopathy is 

characterized by concentric hypertrophy of the I VS and 
LV free w r alh Hypertrophic cardiomyopathy (HCM) and the 
variant hypertrophic obstructive cardiomyopathy (HOCM) 
are infrequent forms of canine myocardial disease. There 
appear to be significant differences between the canine dis¬ 
ease and the disease more commonly observed in cats and 
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human beings with regard to etiology and pathologic 
findings.An inheritable form of hypertrophic obstructive 
cardiomyopathy has been observed in the Pointer dog, but 
most canine cases appear to be sporadic 59 -® 2 Because of the 
relative infrequency that hypertrophic and hypertrophic 
obstructive cardiomyopathy is observed in the dog, suspect 
patients should be carefully evaluated for other 
that might result in concentric hypertrophy of the LV, includ¬ 
ing the much more common left ventricular outflow tract 

obstruction observed with subvalvular and valvular aortic 
stenosis. 


Thus, although evaluation of thyroid levels might be consid¬ 
ered in dogs that have minor echocardiographic changes in 
addition to other signs of hypothyroidism, it should not he 
considered a common cause of myocardial dysfunction 
ventricular dilation.® 4 
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MYOCARDIAL INFARCTION 
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Acute myocardial infarctions are an uncommon form of 
myocardial disease and appear to be most commonly 
ated with concurrent systemic or cardiac disease that has lead 
to a thromboembolic state. These conditions might include 
endocarditis, neoplasia, renal disease, 

hemolytic anemia, and pancreatic disease. Dogs w'ith infarcts 

were very rarely diagnosed with atherosclerosis as opposed to 

human beings who have a high incidence of infarcts associated 
with atherosclerosis.^ 


associ- 


HYPOTHYROIDISM 


immune mediated 


Some dogs with hypothyroidism have been observed to have 
a reduction in fractional shortening % and an increase in LVESD; 
however, the values had significant overlap with normal dogs. 63 


Feline Myocardial Disease 
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CLASSIFICATION 


Therefore feline cardiomyopathy is still defined simply 
primary disease of the myocardium. Cardiomyopathies 
classified as (1) DCM, (2) hypertrophic cardiomyopathy 
(HCM), (3) restrictive cardiomyopathy (ROM], (4) arrhyth- 
mogenic right ventricular cardiomyopathy (ARVC) (dysplasia), 
{5} unclassified cardiomyopathy, and (6) specific cardiomy¬ 
opathies. Myocarditis is commonly placed in the specific cate¬ 
gory, although it is also frequently classified separately In 
general this classification scheme works reasonably well for 
cats, and all categories have been identified in cats. However, in 
individual cats it may be difficult or impossible to comfortably 
place a cat's myocardial disease into one of these categories. In 
addition, because cardiomyopathies are so prevalent in cats, it is 
common for other forms of cardiac disease to be misidentified 

of the forms of cardiomyopathy. For example, mitral 
valve degeneration is uncommon in cats, and when it is present 
the cardiac changes are frequently thought to be due to 

form of cardiomyopathy 

Is categorization important? In some cases it is extremely 
important, whereas in other situations the importance is more 
academic than it is practical. For example, correctly identifying 
DCM in a cat is essential because DCM may be caused by 
taurine deficiency and this form of DCM can be cured using 
taurine supplementation. HCM is inherited in some cat hreeds. 
Correctly identifying this form of cardiomyopathy is often 
important to breeding programs. 


as a 


Primary myocardial diseases are generally classified under the 
general heading of cardiomyopathy Primary indicates the 
myocardial disease is not secondary to valvular disease, pericar¬ 
dial disease coronary vascular disease, systemic or pulmonary 
hypertension, congenital abnormalities other than those of 
the myocardium itself and myocardial changes due to sys¬ 
temic disease such as hyperthyroidism. The World Health 
Organization (WHO) has categorized the types of cardiomy¬ 
opathies and based the categorization scheme primarily 
the dominant pathophysiology produced by the myocardial 
disease, 1 Historically cardiomyopathy was defined as a myocar¬ 
dial disease of unknown cause, whereas a myocardial disease 
with a known cause was given a specific name. Over the past 15 
years the causes of many of the idiopathic myocardial diseases 
have been identified in human medicine. Consequently many 
of the classic "idiopathic" cardiomyopathies now include groups 

of patients with a known cause and other groups of patients 

without a known cause—blurring all lines between idiopathic 

and specific myocardial diseases. However, the original names of 

the diseases persist and are useful because they still describe the 

dominant pathophysiologic process produced by the abnor¬ 
mality in the myocardium. 

Cardiomyopathies are the dominant form of cardiac disease 
in domestic cats. Because there has been only one cause identi¬ 
fied for a feline cardiomyopathy (t.e., taurine deficiency in dilated 
cardiomyopathy [DCM]), no pressure exists to rename the 
cardiomyopathies from a causative standpoint. Although the 
WHO classification of cardiomyopathies includes identification 
of cardiac dysfunction in the definition, this portion of the 
definition is certainly outdated in human medicine because 
many patients are now identified as having genetic mutations 
that produce abnormalities in the mvocardium that 
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DILATED CARDIOMYOPATHY 


Myocardial contractility and myocardial contraction 
the same. Myocardial contractility is the inherent capability of 
the myocardium to contract without any forces acting on it. 
Myocardial contraction is how much the myocardium 
and thickens from end-diastole to end-systole {the amount of 
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severe enough or are too early to cause cardiac dysfunction. 
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is hereditary and n urn era us mutations in a relatively large 
number of genes have now been identified as causing DCM in 
people (these include mutations in the genes that encode for car¬ 
diac dystrophin, 5-sarcoglyean, actio, cx-tropomyosin, (l-myosin 

heavy chain, troponin T, titin, adhalin, lamin A/C, tafazzin, and 
emerin)J 1 It is 1 ikely that some cats with idiopathic DCM have 
a mutational cause for their disease, either because they inherited 
a mutation from a parent or because they developed a de novo 
mutation in utero. The latter may be more likely because no cat 
breeds are known to have feline DCM as a problem. 

Pathophysiology 

DCM is caused by a myocardial disease that results in a pro¬ 
gressive decrease in myocardial contractility, either because of 
global myocyte dysfunction or because of myocyte death 
(necrosis or apoptosis). Contractility is mildly decreased initially, 
hich may progress over months to years to a severe decrease 
in contractility/ 2 The decrease in contractility results in an 
increase in end-systolic diameter and end-systolic volume, 
which results in a decrease in stroke volume. Chronically the 
heart compensates for this decreased function by growing 
larger ventricular chambers through eccentric (volume over¬ 
load) hypertrophy This growth is also commonly referred to 
Ventricular remodeling and occurs primarily due to renal 
sodium and w r ater retention leading to an increase in blood 
volume that leads to an increase in venous return to the heart. 
This places stretch on the myocardium that stimulates the 
myocytes to grow longer and the chambers to grow larger 
(increased end-diastolic diameter and end-diastolic volume). 
The increased chamber size allows stroke volume to return to 
normal when the disease is mild to moderate. At some stage 
the myocardial failure becomes so severe that the ability of 
the cardiovascular system to compensate for the disease is 
overwhelmed. At this stage, LV end-diastolic pressure increases 
renal sodium and water retention continues to increase 
blood volume, resulting in congestive heart failure (CHF), 
Myocardial diseases that cause DCM may also cause concur¬ 
rent diastolic dysfunction, primarily reduced ventricular compli¬ 
ance, A stiffer or less compliant LV results in a higher diastolic 
pressure for any given diastolic volume, causing pulmonary 
edema, pleural effusion, or both. Decreased LV compliance has 
not been documented in cats with DCM but has been in tlogs. n 

Secondary mitral regurgitation is commonly present in 
DCM, In DCM the atrioventricular (AV) annulus dilates as 
the LV enlarges, and the papillary' muscles are displaced later¬ 
ally and apically as the ventricular chamber enlarges. 3446 Both 
result in the leaflets failing to close completely during systole 
(incomplete valve closure). The regurgitation is usually mild, 
however, and so its contribution to the production of heart 
failure is probably minimal. 

Pathology 

In cats with severe DCM r the most striking gross pathologic 
finding is moderate to marked enlargement of all Four cardiac 
chambers. Often the left heart appears more affected The 
w r alls of the LV may appear thin but when measured may be 
normal or thin. The papillary muscles often appear flattened. 
Heart weight is greater than normal indicating the presence of 
hypertrophy. 17 On cut-section, the LV myocardium often 
appears remarkably normal especially in cats with DCM due 
to taurine deficiency. In other cases, pale regions may be noted. 
In DCM due to taurine deficiency histologic findings primarily 
reveal hypertrophy. In cats with idiopathic DCM, histologically 
there may be evidence of myocytolvsis, myofibril fragmentation, 
abnormal mitochondria, vacuolization, and fibrosis. 

Natural History arid Prognosis 

Only about 30% of cats that are taurine deficient develop 
echocardiogmphic evidence of myocardial failure. 18 Of the cats 


wall motion and thickening usually observed on an echocar¬ 
diogram) and is determined by myocardial contractility, preload, 
afterload, and other variables. It is commonly calculated as the 
shortening fraction. Myocardial failure is defined as a decrease 
in myocardial contractility and is most commonly manifested as 
an increase in end-systolic diameter on an echocardiogram. DCM 
is the name given to diseases in which myocardial failure is 
present due to primary myocardial disease. Myocardial failure 
occur secondary to non primary myocardial disease processes. 
DCM is characterized on echocardiography by a primary 
increase in left ventricular (LV) end-systolic diameter and 
volume (and usually by a compensatory increase in LV end- 
diastolic diameter and volume). Because end-diastolic diameter 
and volume do not need to increase as much as end-systolic 
diameter and volume to maintain a normal stroke volume, short¬ 
ening fraction (one measure of the amount of wall motion) 

decreases. 

Although most of the cats that are diagnosed with DCM 
have clinical signs, the diagnosis of DCM may be made in the 
absence of heart failure, arrhythmia, or sudden death. DCM 
has a long suhclinical phase during w r hich myocardial function, 
along with cardiac compensatory mechanisms, are adequate 
to maintain normal hemodynamics. 2 This phase oi the disease, 
during which echocardiogmphic or electrocardiographic evi¬ 
dence (or both) of the disease is present but clinical signs of the 
disease are not present, is often termed occult in the literature. 
A patient with DCM may spend most of its life tn a subclinica 1 

phase and only a short time during which it has clinical signs, 

■ 

Incidence 

Because of the discovery of taurine deficiency as the major 
cause of feline DCM and the subsequent increase in taurine 
content in all cat foods, the current incidence of DCM is rare. 3 4 

From 1993 to 2003, only 24 cases of feline DCM were diag¬ 
nosed at the University of California, Davis Veterinary 

Medical Teaching Hospital (UCD-VMTH), Eight had DCM 
due to taurine deficiency, wfrereas !3 w r ere idiopathic The 
other three died before a plasma sample could be obtained. 
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Cause 

Taurine deficiency w r as identified as the primary cause of DCM 
in cats in 1986 to 1987. 3 Taurine is a sulfur-containing amino 
acid. One of its functions is to conjugate bile acids. 5 Although 

also conjugate bile adds with glycine, cats 


some species can 
lack this ability and therefore have an obligate loss of taurine 

through the bile. In addition, they have very limited ability 
to synthesize taurine in the liver because of the lack of key 
enzymes. Taurine’s definitive role in cellular function is not 
knowm, but it is concentrated in the cytoplasm of excitable 
cells up t o 250 ti mes th a t in pi asm aT In the heart, ta urine h as 
been postulated to help modulate intracellular osmolality, 
calcium concentration, and transmembrane ion fluxes. 

The cause of taurine deficiency in cats is primarily nutritional, 
although a genetic factor may also be involved, 8 Prior to 1987, 
dry cat foods contained too little taurine, whereas the taurine in 
canned foods was not biologically available in adequate amounts, 
probably because of bacterial overgrowth in the intestinal tract* 
Feline DCM due to taurine deficiency has not totally 
disappeared. It can still occur with the exclusive feeding of 

canned food diet. More frequently, taurine deficiency is 
caused hy feeding the cat a home-cooked diet, most com¬ 
monly one including chicken. One study has documented that 
cooking meat reduces the taurine content, especially when 
the meat is constantly surrounded hy water during the cooking 
process. 10 The classic method of producing taurine deficiency 
is to feed dog food to a cat. Because no taurine is found in 
vegetables, vegetarian diets also produce taurine deficiency. 
Idiopathic feline DCM is now the predominant form of DCM 
seen in cats. In humans, it is estimated that 30% to 40% of DCM 
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with myocardial failure, about 30% develop severe myocardial 
failure (shortening fraction < 20%). Some cats have 
myocardial failure for months to years prior to heart failure, 
yet many cats appear to develop heart failure suddenly 
The short-term prognosis for survival in cats with DCM 
due to taurine deficiency is guarded. They usually have severe 
CHF (often with low-output heart failure) and require inten- 
therapy. Taurine supplementation does not help clinically 
during this phase. Almost all cats that live longer than 2 
3 weeks survive. Within 2 to 4 weeks they appear to improve 
clinically, although no apparent change occurs echocardio- 
graphically Their myocardial Function then normalizes 
the ensuing 3 to 5 months. Consequently, their long-term 
prognosis is excellent. In cats with DCM that is not due to 
taurine deficiency the long-term prognosis is usually grave 

(the median survival time [MST] is 2 weeks). ^ 


Auscultation often reveals a soft to moderately loud systolic heart 
murmur (usually heard best over the sternum, just medial to the 
left apex beat). A gallop sound may also be heard if the disease is 
severe. Most cats with DCM have an elevated heart rate so that 
atrial systole occurs immediately after rapid ventricular filling, 
making it impossible to distinguish a third from a fourth heart 
sound. Auscultation of the lungs is often normal except for 
increased airway sounds due to hyperpnea. If pleural effusion is 
present, lung sounds may be absent ventrally when the cat is 

upright. The ears and feet are commonly cold because of intense 
peri pheral vasoconstri ction, 

The retinas should be examined in all cats suspected of 

having feline DCM for the presence of feline central retinal 

degeneration (FCRD). If it is present the cat is most likely 

taurine deficient. However, many cats with taurine deficiency 
do not have FCRD. 20 

If the cat is severely dyspneic, pleurocentesis using a 
butterily catheter should be part of the examination process 
to determine if pleural effusion is the cause of the dyspnea. 
If pleura) effusion is the cause, one should be able to remove 
150 to 250 mL of fluid from the pleural space. 
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Clinical Manifestations 

History Because cats are 


relatively sedentary, they often 
hide the signs of their disease until they are in severe distress. 
Cats most commonly present in acute respiratory distress 
from pulmonary edema, pleuraJ effusion, or both. Some cats 
will cough. This is frequently thought to be vomiting by the 
owner because vomiting and coughing in cats appear very 
similar. Distinguishing the two may be possible in the exam 

by palpating the trachea vigorously enough to produce 
a cough while the owners witness the event. A thorough diet 
history should be obtained on any cat with DCM. 












Radiography Radiographs cannot be used to distinguish 
feline DCM from other forms of feline cardiomyopathy. They 
should primarily be used initially to determine if a dyspneic 
cat is in heart failure (cardiomegaly plus pleural effusion, 
pulmonary edema, or both). Radiographs should not be 
attempted in a severely dyspneic cat if the process is stressful 
to the cat because this will often result in death. In cases of 

feline DCM, the cardiac silhouette is markedly 
enlarged, often especially in the area of the left auricle on the 

dorsoventral (DV) or ventrodorsal (VD) view (Figure 204-1), 






room 






Physical Examination Many cats are tachypneic and 
dyspneic upon presentation. They may also be lethargic, dehy¬ 
drated, or hypothermic (or a combination of these symptoms). 
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Figure 204-1 A, Dorsoventral (DV) radiograph from a cat with dilated cardiomyopathy (DCM) 
due to taurine deficiency. The cardiac silhouette is grossly enlarged, B, Lateral radiograph from the 
same ^at. The cardiac silhouette again is grossly enlarged and pulmonary edema is present. 









































































• Feline Myocardial Disease 


CHAPTER 204 




X> 


o 




Figure 204-2 M-mode echocardiogram from 
a cat with severe dilated cardiomyopathy 
(DCM). The motion of the interventricular 

septum (1VS) [between the right ventricle [RK] 
and left ventricle [LI 7 ]) and the left ventricular 
free wall (below the LV chamber) are markedly 

reduced* 


cn 
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prevent bacterial growth because bacteria will destroy taurine 
Normal cats have a plasma taurine concentration greater than 60 
nmol and ml, and a whole blood taurine concentration greater 

than 250 nmol/mL* Most, but not all, cats with DCM due to 
taurine deficiency have a plasma taurine concentration less than 
20 nmol/mL and a whole blood taurine concentration less than 
100 nmol/mL. Fasting can lower the plasma taurine concentra¬ 
tion in cats. Fasting does not alter whole blood taurine concen¬ 
tration* 21 Thromboembolism of skeletal muscle will cause 
skeletal muscle necrosis and the release of taurine into the circu¬ 
lation, causing a false elevation in a cat that is taurine deficient 
Prerenal azotemia due to low cardiac output is common in 
cats with severe DCM, cats with dehydration, cats that are not 
eating or drinking, or cats receiving a high dose of a diuretic. If 
the azotemia is mild to moderate and the cat feels good 
enough to eat and drink, the azotemia can safely be ignored* If 
the azotemia is severe, diuretic therapy must be discontinued 
and judicious fluid therapy administered* Electrolyte abnormal¬ 
ities occur more frequently in cats on diuretic therapy than in 
dogs, probably because cats tend to become anorexic 
easily when they are dehydrated. Electrolyte levels below the 
reference range for a laboratory do not mean that this decrease 

is clinically significant. 

Differential Diagnoses 

Rarely HCM will progress to severe myocardial failure. Some 
cases of regional myocardial failure appear to be due to myocar¬ 
dial infarction. 22 Myocardial failure can occur secondary to 
chronic, severe volume overload, such as primary mitral regur¬ 
gitation, Sustained tachycardia can also produce myocardial 
failure, although the rate to produce this phenomenon is not 

known in cats. 

Cats with DCM commonly have pleural effusion This effu¬ 
sion may be a modified transudate, pseudochylous, or chylous 
and may change from a modified transudate to a chylous effusion 
over time. Heart failure is the most common cause of chylous 

pleural effusion in cats. 

Acute Therapy 

Treatment Goals The treatment goals depend on the type 
and severity of the clinical signs. If severely dyspneic the initial 
goal is to make it easier for the cat to breathe by removing 
pleural effusion, by reducing pulmonary edema pharmacologi¬ 
cally, or by administering oxygen. If the primary problem is a 
marked reduction in perfusion leading to hypothermia, the goal 
is to increase cardiac output, if possible, via the administration of 

positive inotropic agent, such as dob ut a mine, and 

possibly the judicious use of intravenous fluid administration, 
especially if the cat i s severely dehydrated. 


Left atrial enlargement generally cannot be appreciated on the 
lateral view. If pleural effusion is present, it often becomes 
impossible to identify pulmonary edema. Pulmonary edema 

be cau do dorsal in distribution (as in the dog) but is 

ventralIv distributed, 
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commonly patchy, is often 
and may involve the accessory lung lobe. 


more 


Echocardiography Echocardiography is the diagnostic test 

of choice for identifying DCM. The striking feature of severe 
DCM is the remarkable lack of LV wall motion (Figure 204-2). 
The end-systolic diameter is increased to a value over 10 
(usually over 12 mm and often in the 15 to 20 mm range when 

sever e] p whereas the end-diastolic diameter is also increased 

but to a lesser degree (usually in the 18 to 23 mm range)* In 
cats with severe DCM, the shortening fraction is commonly 
less titan 20%, Both the left ventricular free wall and the inter¬ 
ventricular septal motion are reduced, although one may be 

educed than the other* Neither wall is hyperdynamic. 
Cats that have severely reduced free wall motion and a hyper¬ 
dynamic interventricular septum (IV: i most commonly have 
primary mitTal valve degeneration or dysplasia rather than DCM. 
Rarely a cat will have one region of the LV myocardium that 
is hypokinetic, akinetic, or even dyskineuc and may also be 
thinner than the rest of the myocardium* Although this may 
be due to a primary regional myocardial disease, it may also be 
due to a thrombus or a thromboembolus that has produced an 
infarct in that region. This pattern of motion may or may not 

be categorized as DCM, depending on ones viewpoint. 

Color flow Doppler echocardiography often reveals the 
presence of mild mitral regurgitation. Spontaneous echo 
trast due to red cell aggregation may be present, especially in 

the left atrium. 
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Electrocardiography Electrocardiography rarely reveals clin¬ 
ically significant information unless an arrhythmia is ausculted. 
Abnormalities in QRS morphology and an axis deviation may 
be noted but are nonspecific findings. 


Clinical Pathology Any cat with DCM should have a 
plasma and whole blood taurine concentration measured/Fhe 
rnple must be anticoagulated with heparin, placed on 
and a portion centrifuged within 15 minutes. Platelets contain 
a large concentration of taurine, which is released upon platelet 
a cti vation during the dotting process, so any thrombotic 
activity in the tube will result In a falsely high plasma taurine 
concentration. Taurine will also leach out of platelets and 
white cells into plasma if the sample is left standing, especially 

at room temperature. Taurine is a very stable compound, but 

pies should generally be frozen to 


ice, 


sa 


an intravenous 


plasma and whole blood sam 









SECTION XI * Cardiovascular System 


1086 


Pleurocentesis Pleurocentesis is often life saving in the 
severely dyspneic cat that has a large amount of pleura! effu- 
sion. Thoracocentesis is described in Chapter 103. 

Diuretic Therapy Diuretic administration is the only reliable 
way to reduce pulmonary edema formation in a cat with severe 
DCM. Furosemide is used almost exclusively The dose depends 
on the severity of the pulmonary edema, on whether the cat is 
currently on furosemide for heart failure, and whether the sit¬ 
uation is acute or chronic Cats in severe respiratory distress 
may need an initial dose as high as 2 mg/lb parenterally. 
Intravenous administration is preferred, but the drug should 
he administered intramuscularly if restraint for intravenous 
administration produces stress. Absorption half-life after intra¬ 
muscular administration is around 5 minutes, so the entire 

dose is fully absorbed within 20 to 25 minutes. The duration 

of effect oi furosemide after parenteral administration is prob¬ 
ably I to 2 hours in a cat in heart failure. Consequently, another 
dose should be administered within that period if the cat is 
still in respiratory distress and is not severely dehydrated, A cat 
with a lesser amount of pulmonary edema and less respiratory 
distress needs a smaller dose of furosemide parenterally in the 
acute setting. Respiratory rate and character should be 
to red carefully after diuretic administration with the cat in an 
oxygen-enriched environment. 


effect of aggressive diuretic therapy, and some cats are dehy¬ 
drated at presentation. Generally cats do better if they are sent 
home as soon as possible. However, if hospitalization is required 
after the edema and effusion are controlled, judicious use of 
fluid therapy may be needed. Electrolyte disturbances, most 
commonly hyponatremia, hypokalemia, and hypochloremia, 
are also more frequent in cats than in dogs in this acute setting. 

Consequently, serum electrolyte concentrations should be 

monitored. 

Chronic Therapy 

Diuretic Therapy Diuretics are the only drugs that 
routinely control the clinical signs referable to congestion and 
edema due to heart failure. Consequently, it is mandatory for 
cats with CHF to he on a diuretic, usually furosemide. The 
chronic orally administered dose for furosemide in cats is wide 
and ranges from 0.5 mg/lb a day to 2 mg/lb every 8 hours. 
The most common doses are 6.25 to 12.5 mg per cat every 8 to 
12 hours, orally. In general, cats need a lower dose of furosemide 
when compared w-ith dogs, although the upper end of the 
dose range can be similar. The goal of diuretic therapy is to 
keep pulmonary edema and pleural effusion controlled. This 
should be done with the lowest possible furosemide dose, 
although in the author's experience, underdosing appears to 
he a more frequent problem than does overdosing. Every owmer 
should be instructed to count bis or her cat's respiratory rate 
at home when the cat is sleeping or resting quietly in a cool 
environment and to keep a written log. The normal respira¬ 
tory rate for a cat is in the 20 to 40 breaths per minute range. 
If the rate is greater than 40 breaths per minute or the owner 
notes that the character of breathing is more labored, these 
are signals that an increased dose of furosemide. pleurocentesis, 
or both are n eed ed. Ch an ges i n Fu rosemide dose shou I d be done 
in consultation with a veterinarian during the initial stages of 
management. Some owners will require continued contact with 
a veterinarian to manage dose changes, whereas others will 
reach a point where they fed comfortable doing this on their 
own. Cats with severe disease that require a maximum dose 
of furosemide are often mildly to moderately dehydrated and 
mildly to moderately azotemic. As long as they continue to eat, 
drink, and appear comfortable, the dose of furosemide should 
not be decreased. 11 the dehydration or azotemia becomes 
severe enough to cause anorexia, the furosemide administration 
must be discontinued as long as the cat is not taking in fluid. 
Owners must be w r arned that continued use of high-dose 
furosemide administration in a cat that is not drinking or eating 
can result in severe, life-threatening dehydration. Judicious use 
of parenteral fluid administration may be required. These, of 
course, are poor prognostic signs. Cats that are refractory to the 
maximum dose of furosemide may need to have another diuretic 
ad mi n is toed along with the same maxi m um dose of furosemide. 
Choices include a thiazide diuretic and possibly spironolac¬ 
tone, (See Therapy an Chapter 199.) Parenteral administration 
of furosemide may also be beneficial because the oral bio avail¬ 
ability of the drug is only around 50%, 

Pleurocentesis Repeated pleurocentesis is often required in 
cats with pleural effusion. Pleurocentesis may need to be done 
as infrequently as once a month or as frequently as every 4 or 
5 days. As much fluid as possible should be removed at each visit. 
Ultrasound guidance often helps identify regions where fluid 
has pocketed. Chylothorax secondary to heart failure can result 
in chylofibrosis, making it very difficult to remove as much fluid 
as one would like. Risks of repeated pleurocentesis include 
infection, pneumothorax, and bleeding, but all are rare. 

Angiotensin-Converting Enzyme Inhibitors Any cat with 
idiopathic DCM should be on an angiotensin-converting 
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Oxygen Increasing the percent concentration of 


oxygen 

delivered to the alveoli is critical in cats in respiratory distress. 
'Phis can be accomplished using a face mask, standard oxygen 
cage, a pediatric incubator, or nasal insufflation. Generally the 
goal is to itierease fraction of inspired oxygen (FIOto at least 
40% {normal is 21%}, If the cat resists a face mask, it should 
not be used. When placed in a confined space, especially a 
small space like an incubator, it is mandatory to keep the envi¬ 
ronmental temperature and the carbon dioxide concentration 
within reasonable levels. Failure to do so can cause death, 
A canister containing sodium lime or barium hydroxide lime 
controls carbon dioxide level in an oxygen cage, and a refrig¬ 
eration unit controls temperature. Carbon dioxide concentra¬ 
tion is usually controlled in an incubator by maximizing the 
flow rate of oxygen (and therefore flushing out the carbon 
dioxide). 


Inotropic Support Beta-adrenergic agonists, usually dobu- 
tamine or dopamine, can be used for acute inotropic support 
in a cat with severe DCM and severe heart failure. However, 
conscious cats have more side effects with these drugs than 
do dogs. They often appear agitated and may 
The half-life of these drugs is around 1 minute, so stopping the 
drug infusion results in rapid cessation of adverse effects. 
The infusion rate for dobutamine and dopamine 
less than that used in a dog and is generally in the range of 1 to 

2.5 jig/lb/min. 

Nitroprusside Nitroprusside is a potent dilator (he., 
sm ootl) muscl e re 1 a x an t) of systemi c a rterio 1 es a nd systemic 
veins. It can only be used in cats with DCM that are not 
cardiogenic shock (systolic systemic arterial blood pressure 
over 100 mm Hg), If systemic pressure is adequate, the drug 
can be used in one of tw T o w r ays: (I) empirically at a dose of 
2 pg/lb/min or (2! titrated using blood pressure starting at a 
dose of 1 (ig/lb/min and increased until the systolic pressure 
has decreased by at least 10 to 15 mm Hg. (See Systolic Blood 
Pressure Monitoring and Techniques in Chapter 128.) :3 

General Supportive Measures Although dogs commonly 

start to drink w r ater and eat once they are no longer in respb 
ratorv distress, cats may not. Dehydration is a common side 
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cause of the hypertrophy is the other disease process. Instead it 
sh ou Id be c ailed concen trie hypertrophy secondary to the pri mary 
abnormality (e.g., concentric hypertrophy secondary to hyper¬ 
thyroidism). Besides concentric hypertrophy the myocardium 
can also thicken due to infiltration (e.g., with lymphoma}. 1 - 4 

Incidence 

HCM is the most commonly diagnosed cardiac disease in cats, 
and its prevalence appears to be increasing. However, echocar- 
diographic screening for the disease has also become more 
prevalent over the past 10 years, so increased awareness and 
ease of diagnosis may also be major contributing factors to this 
increase. During a recent 3 0-year period, the author’s cardiology 
service diagnosed moderate to severe HCM in 447 cats. This 
is almost twice as many cases as during a previous 10-year 
period when the incidence was similar to another report in 
which 46 cats were diagnosed with HCM during a 2-year period 
at the Animal Medical Center in New York City. 

A male predisposition for HCM is commonly reported in 
clinical studies, although in a study of Maine coon cats the inci¬ 
dence was the same in males and females. However, males often 
develop the disease at an earlier age and often develop more 
severe disease. Consequently it is likely that the male predom¬ 
inance seen clinically is purely because males develop worse 
disease, not because they are more predisposed to the disease. 

Cause 

Sarcomeric Gene Mutations in Humans unth Hypertrophic 
Cardiomyopathy The exact cause of feline HCM is 
unknown, although the disease is known to be heritable in 
some breeds. In humans the familial nature of the disease was 
first reported in 1958, 26 It has been demonstrated that 
approximately 50% of the human cases of HCM are inherited 
in an autosomal dominant pattern, with the other cases being 
sporadic (although often still genetic in origin). Since 1989 over 
150 mutations in 10 genes that encode for sarcomeric proteins 
have been identified in human families with HCM. 27 - 33 They 
include the P-myosin heavy chain; a-tropomyosin; cardiac 
troponins 1, C, and T; myosin-binding protein C; essential and 
regulatory light chains; titin; and actin genes. 2712 ^ Several 
families with HCM have also been shown to have mutations 
in the gene that codes for L1M protein. 37 Another set of Fam¬ 
ilies has been identified with mutations in the gene coding lor 
AMP-activated kinase that produces glycogen accumulation in 
the myocardium, mimicking HCM. 38 Interestingly, mutations 
in P-myosin heavy chain, a-tropomyosin, titin, and troponin T 
genes also cause DCM in humans (although the mutations are 
at different sites than those that cause HCM) and mutations in 
the LIM protein gene cause DCM in mice. 3 ^ It is now known 
that sarcomeric gene mutations actually cause HCM because 
several mutations that have been identified In human families 
with HCM have been placed in transgenic mice, and the disease 
has been reproduced—thus fulfilling Koch's postulates. 

The pathophysiology of HCM production by sarcomeric 
mutations is controversial. 43 One theory is that the abnormal 
protein produced by a mutated gene results in dysfunctional 
sarcomeres that forces the functional sarcomeres to bear a larger 
load. The myocardium compensates by replacing the dysfunt* 

sarcomeres with additional functional and dysfunctional 
sarcomeres. 33 ’ 44 ' 41 ' The net result is that the heart has twice as 
many sarcomeres as it should have. Because sarcomeres make 
up a large part of the heart muscle, the heart muscle ultimately 
almost doubles in thickness in severe cases. 

Familial Feline Hypertrophic Cardiomyopathy The first 
"family'' of cats with an inherited form oi HCM was identified 
in Maine coon cats in 1992 and reported in I999. 47 The disease 
is inherited as a simple autosomal dominant trait in this breed 


enzyme (ACE) inhibitor for long-term management unless 
they have an adverse reaction to the drug. Enalapril is most 
commonly used at a dose of 1.25 to 2,5 mg per cat orally every 
24 hours, ACE inhibitors can almost never be used on their 
own to control signs of heart failure and are not effective for 
controlling heart failure in the acute care setting. Rather they 
must be administered in concert with a diuretic and help in 
the long-term control of the disease. Generally, ACE inhibitor 
therapy should be started when the cat is reasonably stable 
and not dehydrated. 

Digoxin Digoxin, in theory, may be administered to cats 
with DCM. However, in the initial trial that identified taurine 
deficiency as a cause of feline DCM, digoxin was not admin¬ 
istered and most of those cats survived; therefore clearly in 
cats with DCM due to taurine deficiency, no clear mandate 
exists to administer digoxin. 

Dietary Modifications Any cat with DCM should be 
supplemented with 250 mg taurine orally every 12 hours until 
the results of the plasma and whole blood taurine concentra¬ 
tion analysis are evaluated. Taurine is inexpensive and can be 
purchased from health food stores or chemical supply houses. 
Cats that are taurine deficient should be continued on taurine 
p pie mentation, whereas those that are not may be taken off 
or left on at the discretion of the owner. Sodium-restricted 
diets may be useful, particularly in cats that are refractory to 
drug therapy. However, it is more important to keep the cat 
eating than it is to force sodium restriction. 
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HYPERTROPHIC CARDIOMYOPATHY 


HCM is a disease of the ventricular (primarily LV) myocardium 
characterized by mild to severe thickening of the papillary 
muscles and wall (Figure 204-3) . The word primary means the 
hypertrophy is due to an inherent myocardial problem, not 
secondary to a pressure overload or to hormonal stimulation. 
Concentric hypertrophy (a thickened wall with a normal to 
small chamber size) of the LV has several possible secondary 
causes, including aortic stenosis, systemic arterial hypertension, 
and hyperthyroidism. When any of these diseases are present, 
the diagnosis of HCM is in doubt and the cardiac abnormality 
should not be called HCM if one is convinced the primary 


40*42 


Figure 204*3 A cross-sectional view of a two-dimensional 
echocardiogram from a cat with severe hypertrophic cardiomy¬ 
opathy (HCM)* The interventricular septum (IVS) is markedly 
thickened and thicker than the left ventricular Iree wall (LVFW). 
The two papillary muscles En the left ventricular chamber (LV) 
are also markedly enlarged. 
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and is 100% expressed in experimental cats. However, in non¬ 
expert mental Maine coon cats, it appears that the disease is 
not 100% expressed because both parents of an affected cat 
may have no echocardiographic evidence of the disease. This 
phenomenon is common in human families with HCM with 
a variety of gene mutations.- 7 The disease has been reproduced 
in Maine coon cats by mating affected to unaffected and 
affected to affected cats, as well as by breeding affected Maine 
coon male cats to domestic shorthair Female cats. The course 
of the disease is accelerated in affected cats produced by 
mating affected to affected cats. The disease is progressive. In 
most affected Maine coon cats, HCM is not apparent during 
the first year of life but becomes apparent by 2 years of age in 
males. 48 Females tend to get the disease later, with most 
ifesting the disease by 3 years of age but some not showing 
evidence of the disease until 6 or 7 years of age. When both 
parents have HCM, an affected Maine coon kitten may have 
echocardlographic evidence of the disease as early as 6 months 

of age and have severe disease by ] year of age, whether male 
or female. 


diseases are prevalent in the domestic cat population (making 
it likely that some cats will have HCM in combination with a 
potentially exacerbating disease, especially when these cats 
are older). Consequently cats with significant LV concentric 
hypertrophy, especially ones that are geriatric or have a dis¬ 
ease that causes systemic hypertension, must be screened for 
hyperthyroidism and systemic hypertension. 


PATHOPHYSIOLOGY 


Hypertrophy, Diastolic Dysfunction, and Congestive 

Heart Failure 

Enlarged papillary muscles and a thick LV myocardium 
with a norma] to small LV chamber characterize HCM (see 
Figure 204-3), HCM may be mild, moderate, or severe. Severe 
concentric hypertrophy by itself increases chamber stiffness. 
In addition, blood flow and especially blood flow 
severely thickened myocardium is compromised, which 
myocardial ischemia, cell death, and replacement fibrosis. 56 
This has been documented in cats by showing that cardiac 
troponin I concentration, a protein released into the systemic 
circulation after cell necrosis, is increased in cats with 
HCM. 57 Increased concentrations of circulating neurohormones 
may also stimulate interstitial fibrosis. 58 Fibrosis increases cham¬ 
ber stiffness (increased pressure for any given volume) further 
and is probably the primary' reason for the marked diastolic dys¬ 
function seen in this disease. The stiff ventricular chamber 
causes a greater increase in pressure for any given increase in 
volume when die ventricle fills in diastole. This produces CHF 
(i.e., pulmonary edema and pleural effusion). The myocardium 
from cats with HCM also takes a longer time to relax in early 
diastole, although the clinical significance of this is unknown. 5 ^ 
When LV hypertrophy is severe, it is common for the LV 
wall thickness to be twice the normal thickness. Consequently, 
LV wall thickness is commonly in the 7 to 10 mm range when 
HCM is severe in cats. This severe concentric hypertrophy 
may encroach on the LV cavity in diastole, decreasing its size, 
although LV diastolic diameter is commonly within the normal 
range. The end-systolic volume and diameter are almost 

often to zero (end-systolic cavity obliteration; 
Figure 204-4). Global myocardial contractility is normal in 
humans with HCM, and the reduction in end*systolic volume 
is due to a decrease in afterload (w r all stress) brought on by the 
increase in wall thickness, 6 * 1 

Systolic Antertor Motion of the Mittal Valve A phenomenon 
called systolic anterior motion (SAM) of the mitral valve is 

common in cats with HCM i Figures 204-5 and 204-6), 


man- 


reserve to 
causes 


Ihe most consistent feamre of the disease in Maine coon cats 
and in most cats with HCM is papillary muscle hypertrophy. 
It is often present before wall thickening is evident. Systolic 
anterior motion (SAM) of the mitral valve is common. Studies 
are currently in progress to determine if a specific sarcomeric 
gene abnormality exists in this family of Maine coon cats. 

A family of American shorthair cats, primarily with SAM of 
the mitral valve but with other evidence of HCM as well, has 
also been identified, 41 -The disease in this breed also 


severe 


appears to 

be inherited as an autosomal dominant trait. In addition to 
these breeds, anecdotal evidence exists of HCM being inherited 
in numerous other breeds, including Persian, British shorthair, 
Norwegian Forest cats, ragdoll, Turkish van, and Scottish fold 

cats, along with others. HCM is most likely inherited when it 
is identified in 


specific breed. However, HCM is most com¬ 
monly identified in domestic (mixed breed) cats. Whether the 
disease is inherited in these cats, is due to a de novo mutation, 
is associated with a different disease process is unknown, 
a 11hough su spicion of i nheritanee has been reported in mixed 
breed cats. 50-52 Because the disease is inherited as an autoso¬ 
mal dominant trait in some purebred cats, it is not hard to 
imagine how* these mutations could disseminate into the 
mixed breed population. 

Some mutations in humans produce malignant disease in 
which survival time is short, whereas other mutations produce 
benign disease with little change in survival 53 - 54 Although the 
Maine coon breed has a malignant disease, the American short¬ 
hair usually has a more benign disease, Ragdoll cats, on the 
other hand, have a particularly malignant form of the disease 
and often die before reaching } year of age. 


or 


always reduced. 


Other Causes of Concentric Left Ventricular Hypertrophy 
Congenital valvular or subvalvular aortic stenosis is a rare 
cause of concentric LV hypertrophy in cats. Certain systemic 
diseases, especially hyperthyroidism and systemic hypertension, 
can induce the LV myocardium to thicken. 55 Acromegaly is 
rare and usually does not produce concentric LV hypertrophy 
in the author s experience. At least in theory, each of these dis¬ 
eases should be ruled out before making a definitive diagnosis 
of HCM. However, in general, none of these diseases causes 
severe LV wall thickening on their own; therefore if severe 
hypertrophy is present, it is very unlikely that one of these 
diseases is the sole cause. Rather it is more likely the cat has 
severe HCM or the cat has had mild to moderate HCM most 
of its life and then developed one of these complicating 
diseases at an older age. This event then stimulates further 
hypertrophy, leading to severe HCM. The primary reasons for 
this belief are the documentation of this occurrence in a lim¬ 
ited number of cases and the logic that HCM and these other 


Figure 204-4 The same view as in Figure 204-3 but at the end 
of systole. End-systolic cavity obliteration occurs. 
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Figure 204-7 A black-and-white rendition of the color flow 

with systolic anterior motion (SAM) ot the 
A bilobed jet-—both originating from the left ven- 
tricular outflow tract region of the left ventricle (LV). The top jet 
is created by the dynamic subaortic stenosis (SA$). The lower jet 
that extends into the left atrium (LA) is due to mitral regurgita¬ 
tion, created when the anterior mitral valve leaflet is displaced. 


Doppler signal 


seen 


Figure 204-5 A long-axis view of a two-dimensional echocar¬ 
diogram taken in late systole [same cat 
Systolic anterior motion [SAM] of the mitral valve (arrowhead). 
The enlarged papillary muscle (P) is pulling the chordal struc- 

portion of the tip of the anterior mitral valve leaflet 


as in Figure 204-3), 


tores 

into the left ventricular (LV) outflow tract, where it is contacting 
the inter ventricular septum (JVSJ and creating an obstruction 
between the outflow tract and the aorta (Ao). End-systolic cavity 
obliteration is again present, LVFW, Left ventricular free wall; 
LA, left atrium. 


a 


inserting on this leaflet being pulled into the LV outflow tract 
during systole. Here it is caught in the blood flow and pushed 
toward (and often ultimately against) the I VS. The initial 
pulling of the mitral valve lea flet toward the LV outflow tract in 
systole can dearly be seen on many echocardiograms from cats 
with HCM, The grossly enlarged papillary muscles encroach 
the LV outilow tract (the region of the LV between the 
anterior leaflet of the mitral valve and the 1VS in diastole) and 
pull the mitral apparatus structures into the basilar region of 
the outflow tract. This situation has been reproduced experi¬ 
mentally in dogs by surgically displacing the papillary muscles 
cranially. 61 SAM of the mitral valve produces a dynamic subaor¬ 
tic stenosis that increases systolic intraventricular pressure in 
mid- to late systole. The dynamic subaortic stenosis increases 
the velocity of blood How through the subaortic region and 
often produces turbulence (Figure 204-7), Simultaneously 
when the septal leaflet is pulled toward the IVS, this produces 
a gap in the mitral valve, creating mitral regurgitation, 
abnormalities are by far the most common cause of the heart 
murmur heard in cats with HCM, The process of SAM is 
dynamic—worsening when contractility increases and lessen¬ 
ing when contractility decreases. This also makes the murmur 
dynamic—-increasing in intensity with increasing excitement 
and softening when the cat becomes calmer. 

Pleural Effusion Along with pulmonary edema, pleural 
effusion is common in cats with heart failure. It can be a mod¬ 
ified transudate, pseudochylous or true chylous in nature. The 
most common cause of chylothorax in cats is heart failure, 62 It 
is unknown exaedy why pleural effusion develops in these cats. 
Two possibilities exist: The first is that left heart failure results 
in pulmonary hypertension severe enough to cause right heart 
failure. This does not appear to occur very frequently in cats 
because it is unusual to identify echocardiographic right heart 
enlargement, jugular and hepatic vein distension, or ascites in 
these cases. The second possibility is that feline visceral pleural 
veins drain into the pulmonary veins such that elevated pul¬ 
monary vein pressure (congestive left heart failure) causes the 
formation of pleural effusion. In the dog the visceral pleura is 
supplied by pulmonary arteries and drained by pulmonary 
veins. 413 The dog. the cat, and the monkey have type 11 lungs. 
One characteristic of type II lungs is that the visceral pleura is 
supplied not by bronchial arteries but by pulmonary arteries. 


Cats with HCM and SAM are commonly said to have the 
obstructive type of HCM or hypertrophic obstructive car¬ 
diomyopathy (HOCM). In one survey of 46 cats, SAM was 
present in 67%. 25 SAM of the mitral valve is the process of the 
septal (anterior) mitral valve leaflet or the chordal structures 
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Figure 204-6 A left apical four-chamber view from the cat in 
Figure 204-4 showing systolic anterior motion (SAM) of the mitral 
valve. The portion of the mitral valve apparatus causing the dynamic 
obstruction is aligned with the caudal papillary muscle (PJ. LA t Left 
atrium; Ao, aorta* 
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Presumably this means that the cat visceral pleura is also drained 
by pulmonary veins.This means that pulmonary venous hyper¬ 
tension secondary to left heart iailure could cause pleural effusion 
in cats as it 


65 


■s in 


Pathology 

Gross Pathology Cats with severe HCM have 
ening of the LV myocardium (the FVS and free wall), with the 
LV wal! commonly being 7 to ]0 mm thick (Figures 204-8 and 
204-9). 'lbe hypertrophy may he symmetrical, involving the 
entire circumference of the LV, but it may also be asymmetrical 
In some cats the I VS is significantly thicker than the free wall, 
whereas in others the free wall is thicker (asymmetrical hyper- 

.ZMftKF \ n th ose cats with primarily septal hypertrophy 
the hypertrophy may be confined to the basilar region of the 
septum, and in others may be apical. Isolated free wall hyp 
trophy most commonly occurs in the region between the pap¬ 
illary muscles. As in many pathologic specimens, hearts from 
cats with HCM may undergo contraction (rigor) after death, 
resulting in a wall thickness that is closer to the end-systolic 
wall thickness in life rather than the end-diastolic thickness. 
Consequently heart weight must be combined with subjective 
or objective evidence of LV wall thickening to make the diagno¬ 
sis of HCM postmortem. To weigh a cat heart the pericardium 
should be removed and the aorta and pulmonary artery 
transected so that no more than 2 to 4 cm are left* Normal 
heart weight-to-body weight ratio has been reported to be 
10.6 +/— A g/lb, with cats with HCM having a ratio of 13*2 +/~ 
3*1 g/lb. 2:1 This results in a large overlap between the two 
groups. In the author's experience, most normal-sized 
(6 to 12 lb) have a heart that weighs less than 20 g and most 
cats in this size range with HCM have a heart that weighs 
more than 20 g. Cats with severe HCM almost always have a 
heart that weighs more than 25 g, usually over 30 g, and 
be as heavy as 38 g. 

The left atrium is often enlarged in cats with 
often markedly 


severe thick- 


troi 


er- 


Frgure 204-9 Gross pathologic cardiac specimen from 
with severe hypertrophic cardiomyopathy (HCM). The left 

tricular (LV) outflow tract (arrow) is narrowed as one papillary is 
pulling the anterior leaflet of the mitral valve into the 
tract. IVS, Interventricular septum; LA , left atrium; Ao, aorta. 


a cat 
ven- 


Histopathology Histopathologically, a wide range of abnor¬ 
malities exist* In some hearts, only myocyte hypertrophy i 
evident. On the other end of the spectrum 
moderate to severe interstitial and replacement fibrosis and 
dystrophic mineralization (20% 

Intramural coronary arteriosclerosis is present in approxi¬ 
mately 75% of cats with HCMT 5 - 66 Intramyocardial small 

not specific for HCM because it is also iden- 

many cardiac diseases.^ 

In humans, myocardial fiber disarray that involves at least 
5% of the myocardium in the FVS is found in 90% of patients 


is 


to 40% of cases). 


66,68 


artery disease is 


tified in cats and dogs w r itb 


severe 

so (Figure 204-10). However, with early, 
severe disease, the author has identified normal left atrial size 
in some Maine coon cats. Occasionally a thrombus is present 
in the body of the left atrium or within the left auricle. 

Cats w-ith milder forms of the disease (mild to moderate 
HCM) have lesser w'ail thickening and a more normal-sized 
LV chamber. The left atrium may be normal in size or may be 

enlarged. Papillary muscle hypertrophy may be the predomi¬ 
nant lesion. 


Figure 204-S Gross pathologic cardiac specimen from 
with severe hypertrophic cardiomyopathy (HCM). The heart has 
undergone rigor postmortem, causing end-systolic cavity obliter¬ 
ation. Heart weight must be obtained to confirm that the HCM 
is present (see text). 


Figure 204-10 A view of die cranial aspect of a heart from a 
cat with severe hypertrophic cardiomyopathy (HCM) The left 
auricle (top , right) is markedly enlarged* 


















CHAPTER 204 * Feline Myocardial Disease 


1091 


disease in Maine coon cats and likely in other purebred and 
mixed breed cats. When a veterinarian examines an older cat 
with HCM r the disease may have been present for most of the 

cat s life, 

Hisioryf Cats with HCM may have no clinical signs. Many 
have a heart murmur; some are brought to a veterinarian with 
subtle, moderate, or severe heart failure; and some are presented 
because of thromboembolic disease. Cats with no clinical signs 
can have mild to severe LV thickening; however, those with 
severe thickening usually go on to develop heart failure. Cats 
with severe disease that appear to have no clinical signs may 
show subtle signs of heart failure (e,g>, tachypnea) that may be 
detected by an observant owner but more often goes unde¬ 
tected. The respiratory rate is often increased in these cats at 
rest, and they may become more tachypneic or even dyspneic 
if stressed. Stressed cats with severe HCM may recover quickly 
after stress or may go on to develop fulminant heart failure. 
Cats with mild to moderate thickening may never develop 
clinical signs referable to their disease and may live normal 
lives. In others, the LV wall may thicken further and compli¬ 
cations may develop when they are 

complicating disease such as systemic hypertension or hyper¬ 
thyroidism. 

Cats with severe HCM and moderate to severe heart failure 

are usually presented to 
abnormalities (tachypnea, dyspnea, or both) due to pulmonary 
edema, pleural effusion, or both. Because ho use hold cats are 
generally sedentary, owners usually do not notice that they are 
having respiratory difficulty until the dyspnea is advanced. At 
that time the onset of the disease commonly appears to be 
acute or peracute to the owner; however, in reality the disease 
has been present for years, and the heart failure probably has 
been gradually worsening over weeks to months. 

Cats with HCM may develop systemic thromboembolism 
(see the last section of this chapter). This markedly worsens their 
prognosis. 

Cats with HCM may die suddenly, often with no prior 
clinical signs referable to heart disease or failure * The cause 
of the sudden death in these cats is unknown. In hum am, sudden 
death appears to be either due to arrhythmic or hemodynamic 
causes. 77 The hemodynamic cause is usually an acutely worsen¬ 
ing outflow tract obstruction associated with strenuous exercise 
(which probably ultimately leads to a terminal arrhythmia). 
This can, in theory, occur with extreme excitement (e.g., being 
chased by a dog) in a cat with HCM. A large thrombus occlud¬ 
ing flow in tire left heart is another possible cause of sudden 
death. However, in the family of Maine coon cats studied by 
the author and colleagues, sudden death is usually not associated 
with physical stress or with thromboembolic disease. These cats 
likely die of an acute ventricular tachyarrhythmia that degen¬ 
erates into ventricular fibrillation or of a bradyarrhythmia. The 
incidence of sudden death in feline HCM is probably under¬ 
represented in the veterinary literature because cats that die 
suddenly are usually not presented or reported to veterinarians. 

Physical Examination Cats with severe HCM commonly 
have auscultatory abnormalities, A systolic murmur, heard 
best over the midstern urn or left apex beat is common and is 
ally due to SAM of the mitral valve. The murmur is often 
dynamic, increasing in intensity when the cat becomes excited 
and heart rate and myocardial contractility, especially contrac¬ 
tility of the papillary muscles, increase and decreasing in 
intensity or disappearing when the cat is calm, A gallop sound 
may be present in cats with severe HCM. It should be noted 
that not all three heart sound rhythms are due to gallop sounds. 

In the author's experience, using an 

systolic clicks also occur with some frequency in cats. Systolic 
clicks tend to wax and wane in intensity more than do gallop 
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Maine coon cat with 


Figure 204-11 Histopathology from 

hypertrophic cardiomyopathy (HCM) showing myocardial 


severe 


fiber disarray. 


older and develop a 


with familial HCM. 7071 Other diseases that produce concentric 
hypertrophy can also cause myocardial fiber disarray, but this 
almost always involves less than 1% of the myocardium. In cats 
ith HCM, myocardial fiber disarray in the IVS of the same 
magnitude observed in humans is only identified in 30% to 60% 
of cases.® ® 72 However, myocardial fiber disarray is a con¬ 
sistent feature of HCM in Maine coon cats (Figure 204-11). 47 
Sarcomeres also have disarray in human patients with HCM. 
Interestingly, infecting isolated feline cardiocytes with an aden¬ 
oviral vector containing a full-length mutated human [3-myosin 
heavy chain gene causes sarcomere disruption. 

Natural History and Prognosis 

The prognosis, as with most cardiac diseases, is highly variable 
for HCM. Some of it is determined by clinical presentation 
and ech ocardiographic severity of die disease. Adult cats that 
are asymptomatic and have mild to moderate disease and no 
to mild left atrial enlargement have a good short-term (and 
possibly a good long-term) prognosis. Some, however, may 
progress to more severe disease and some may die suddenly. 
Asymptomatic cats with severe w^all thickening and mild to 
moderate left atrial enlargement have a guarded prognosis for 
developing heart failure in the future. They probably have 

risk for developing thromboembolism and may be at risk 
for sudden death. 74 Cats wnth no clinical signs but with severe 
wall thickening and moderate to severe left atrial enlargement 
are at risk for developing heart failure or often already have 
mild to moderate heart failure that has gone undetected. These 
cats are at risk for developing systemic thromboembolic disease 
and sudden death, although both of these risks appear to be 
relatively small. 74 Cats presented in heart failure usually have 
a poor prognosis, but survival time is highly variable. Most die 
of intractable heart failure. Some develop thromboembolism, 
and some die suddenly. In one study a MST of 3 months was 
reported yet some cats (about 20% in one study) in this class 
stabilize and do well for prolonged periods, The author and 
colleagues have seen some cats with severe HCM live as long 
as 2.5 years after the diagnosis of heart failure (see 

mth.ucdavis.edu/cardio/cases/case5/case5.htm). 
Some of these cats may develop heart failure w F hen they are 
stressed and become severely taeh year die and then stabilize 
after that time. Cats with severe HCM and aortic throm¬ 
boembolism in the aforementioned study bad a very poor 
prognosis with a MST of 2 months. 

Clinical Manifestations 

Development In humans, familial HCM develops in most 
individuals over the first 2 decades of life, 7 Cl HCM is a progressive 
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sounds and are more frequently present in cats with mild or 
no apparent cardiac disease. 

Radiography HCM cannot be distinguished from the other 
forms of cardiomyopathy using plain radiography. In a cat in 
CHF the left atrium is almost always enlarged and usually 
severely enlarged. Pulmonary edema is commonly present, but 
its pattern is often different from dogs, being patchy or more ven- 
[rally distributed. Pleural effusion is also common. Angiography 
to diagnose HCM has been supplanted by echocardiography. 

Echocardiography The diagnosis of HCM is almost always 
made using echocardiography. Cats with severe HCM have 
severe papillary muscle hypertrophy, markedly thickened LV 
walls (7 to 10 mm), and usually an enlarged left atrium (see 
Figure 2G4-3). The hypertrophy can be global, affecting all 
areas of the LV wall, or it can be regional or segmental. 25 
Segmental forms can primarily affect die entire (or one region 
of) 1VS or the free wall, the apex, or the papillary muscles [and 
often the adjacent free wall). Because of these forms, HCM is 
a diagnosis that should be made by examining several different 
two-dimensional erbocardiographit views and measuring wall 
thickness in diastole from the thickest region or regions on the 
two-dimensional images. M-mode echocardiography may miss 
regional thickening unless it is guided by the two-dimensional 
view. End-systolic cavity obliteration is commonly present in 
cats with severe HCM, although this phenomenon can 
sionally occur in cats w ithout HCM (see Figure 204-4). 


Figure 204-12 A Doppler tissue image (DTI) tracing taken 
from a cat with severe hypertrophic cardiomyopathy (HCM). 
The DTI is taken from the lateral mitral valve annulus. The early 
diastolic wave velocity (Eaj is markedly reduced to approximately 
4 cm/sec. Aa, Annular velocity during atrial systole. 


inflow reduced in cats with severe HCM when the heart rate 
is slow enough that E and A wave velocities can be identified 

[Figure 204-13). 

Mild to moderate hypertrophic cardiomyopathy The 
diagnosis of HCM is much more difficult and controversial in 
cats that do not have severe HCM or that only have regional 
wall thickening on an echocardiogram. In human families 
with HCM associated with specific gene abnormalities, varying 
degrees of severity have been noted within the affected family 
members. 1 Echocardiographie findings in family members with 
the same mutation range from no abnormalities to severe HCM, 


occa- 


Systolic anterior motion of the mitral valve Mitral valve 
SAM can often be most easily identified using mo-dimensional 
echocardiography, either in real time or in slow motion of a 

cine loop (see www.vmth.ucdavis.edu/cardio/cases/case5/ 
echodopp.htin and Figures 204-5 and 204-6). Color flow 
Doppler echocardiography can be used to demonstrate the 
hemodynamic abnormalities associated with SAM (see Figure 
204-7). With this modality, one observes two turbulent jets 
originating from the LV outflow tract: one regurgitating back 
into the left atrium and the other projecting into die aorta. 
Spectral Doppler can be used to determine the pressure gra¬ 
dient across the region of dynamic subaortic stenosis pro¬ 
duced by the SAM. The pressure gradient roughly correlates 
with the severity of the SAM, although it can be quite labile, 
changing with the cat's level of excitement. Care must be 
taken not to record the high-velocity mitral regurgitation jet 
that is positioned close to the dynamic subaortic stenosis jet. 
Usually, the dynamic subaortic stenosis jet is narrower (shorter 
period of systole) on spectral Doppler than the mitral regur¬ 
gitation jet, often becoming even narrower in mid- to late sys¬ 
tole, SAM can also be seen with M-mode echocardiography 
but is usually more difficult to perform because cats' hearts 

are small. 


*.9MHZ 


SAM is not present in all cats with HCM. Although most 
cats with SAM have severe HCM, some 


cats develop SAM 
before they have any evidence of wall thickening, when their 
papillary muscles are thickened or long. Although the basilar 
region of the 1VS is often thickened during diastole in cats 
with HCM, the basilar LV outflow tract does not need to be 
narrowed for SAM to occur. 


Diastolic dysfunction Diastolic dysfunction in cats with 
severe HCM has been documented using Doppler tissue imaging 
(DTI) and measures of transmitral flow and relaxation time. 
Cats with severe HCM routinely have a decrease in early dia¬ 
stolic wall motion of the left ventricular free wall and mitral 
valve annulus using DTi (Figure 204-12). 713 In addition, on 
puked wave Doppler echocardiography, peak E wave velocity 
may be reduced, peak A wave velocity increased, isovolumic 
relaxation time prolonged, and rate of deceleration of early 


l NTERVftL 




Figure 204-13 A pulsed wave blood flow Doppler tracing taken 
from just below the mitral valve leaflets during diastole from a cat 
with severe hypertrophic cardiomyopathy (HCM). Normally the 
early ventricular diastolic filling velocity (E) is faster than the 
ventricular filling velocity in late diastole, during atrial systole (A), 
In this cat the relative waveform velocities are reversed. 
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feline muscular dystrophy also have thickened but hypoechoic 
myocardium with hypereehoic foci in the LV myocardium and 
papillary muscles.* 3 The myocardium contains foci of mineral¬ 
ization and no dystrophin. 

Precipitating Factors 

Certain factors may precipitate heart failure or sudden death 
in a cat with HCM. Stress (cat fight), anesthesia (especially with 
ketamine), and surgery appear to be factors. 74 The administra¬ 
tion ol a long-acting corticosteroid also appears to be a factor 
that either produces or worsens heart failure in cats, presumably 
through the mineralocorticoid effects of these drugs. 

Therapy of Cats with No Clinical Signs No evidence exists 
to show that any drug alters the natural history of HCM in 
domestic cats until they are in heart failure, Diltiazem, atenolol, 
or enalapril are commonly administered to cats with mild to 
severe HCM that are not in heart failure on an empiric basis. 
Whenever HCM is diagnosed in a cat, the veterinarian should 
explain the situation to owners and try to let them make 
informed decisions based on their wishes and life styles. Because 
no intervention is known to change the course of the disease, 
treatment at this stage is not mandated. 

Treatment Goals and General Therapy of Cats in Heart 
Failure Cats that present in heart failure have clinical signs 
referable to pulmonary edema, pleural effusion, or both. 
Consequently, therapy is generally aimed at decreasing left atrial 
and pulmonary venous pressures in these cats and physically 
removing the effusion. In some cats with severe heart failure, 

clinical evidence of hypoperfusion (low-output heart failure) 
may be apparent in addition to the signs of CHF, The signs 
may be manifested primarily as cold extremities. 

Pulmonary edema is primarily treated with diuretics (almost 
exclusively with furosemide) acutely and chronically and an 
ACE enzyme inhibitor chronically, although recent evidence 
suggests that ACE inhibition may not be that helpful in 
prolonging survival in cats with HCM.* 4 Diltiazera and beta- 
adrenergic blockers, usually atenolol, have been commonly 
used as adjunctive agents. Recent evidence suggests that dilti- 
azem is not helpful in prolonging survival in cats with heart fail¬ 
ure due to severe HCM and that atenolol may actually shorten 
survival time. 84 Pieurocentesis is most effective for treating cats 
with severe pleural effusion. Furosemide is helpful for preventing 
or slowing recurrent effusion. 

Acute Therapy 

Just as with DCM, cats that have respiratory distress suspected 
of having heart failure secondary to HCM may need to he placed 
in an oxygen-enriched environment as soon as possible. If possi¬ 
ble the cat should be initially evaluated by doing a cursory 
physical examination, taking care not to stress the patient 
during this or any other procedure, because stress exacerbates 
dyspnea and arrhythmias and often leads to death. Most, but 
not all, cats w-ith severe HCM that are in heart failure will have 
a heart murmur and gallop rhythm. A butterfly catheter should 
he used to perform thoracentesis on both sides of the chest to 
look for pleural effusion as soon as possible. Generally this 
should be done with the cat in a sternal position so that it does 
not become stressed during the procedure. Clipping of the hair 
is not needed. If fluid is identified, it should he removed. Most 
cats that are dyspneie due to pleural effusion have 150 to 250 mL 
of fluid in their pleural space. If none is identified, a lateral 
thoracic radiograph to identify pulmonary edema may be taken 
with the veterinarian present to ensure that the cat is not 
stressed (e.g., the clinician should make sure no one stretches 
the cat out or in any way interferes with its ability to breathe). 
If the patient struggles or appears to be stressed or fractious 
during or before radiographic examination, the procedure 


This may also be true in cats. Distinguishing mild disease from 
normal or distinguishing mild to moderate HCM from hyper¬ 
trophy secondary to other abnormalities is not easy in individ¬ 
ual cases, in a clinical situation where one is examining an older 
cat with what appears to be mild to moderate concentric 
hypertrophy, one must first decide whether hypertrophy is 
present or not. Then one must determine if another disease is 
present and may be causing the hypertrophy before one can 
re al 1 y m a ke th e di agnosis of felloe Ft CM. 

The upper limit tor normal LV wall thickness is generally 
considered to be 5,0 to 5.5 mm in the cat, although normal 
ranges that have been generated in cats may be contaminated 
by cats with mild HCM because of the disease's prevalence. In 
most normal Maine coon cats the LV wall thickness is in the 
3 to 4 mm range. Certainly any cat with a LV wall thickness 
greater than or equal to 6 mm is abnormal. 

Magnetic Resonance Imaging Magnetic res 0 nance imaging 
(MW) is a new modality that has been used primarily in humans 
to assess cardiac anatomy and Function. It is more accurate than 
echocardiography in quantitating LV mass in patients with 
HCM. S1 It can also be used to quantitate diastolic function. 

The technique is feasible in cats and may become a useful tool 
for identifying mild disease and assessing response to therapy 
(Figure 204-14). 

Differential Diagnoses 

Hyperthyroidism and systemic hypertension need to be ruled 
out as either primary or complicating factors. Hyperthyroidism 
is usually easy to rule out. Devices to measure blood pressure 
in the cat, however, are not always readily available, and the 
technique requires some practice to acquire accurate values. 
In addition, systolic systemic arterial blood pressure may be 
increased in a normal cat that is stressed, so repeat measure¬ 
ments of increased blood pressure are preferred before a diag¬ 
nosis of systemic hypertension is made. If systemic arterial 
blood pressure cannot he measured, one should at least rule out 
the common causes of systemic hypertension in a cat with LV 
concentric hypertrophy (i,e. r hyperthyroidism, renal failure). 

Rarely, infiltrative disease such as lymphoma will produce 
hypertrophy that is indistinguishable from HCM on an echocar¬ 
diogram. One such case has been reported, 24 Cats that are 
homozygous for the dystrophin deficiency seen in hypertrophic 
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Figure 204-14 Cross-sectional vi ew of the heart taken using 
magnetic resonance imaging (MR1) from a cat with severe HCM. 
The papillary muscles (F), left ventricular free wall (LVW), and 
interventricular septum (IVS) are all markedly thickened, 
(Picture courtesy of Dr. Kristin MacDonald,} 
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should be canceled and the patient placed into an oxygen- 
enriched environment. A preferable alternative to blind tapping 
is to perform a superficial ultrasonographic examination 
identify and locate fluid accumulation. 

Furosemide Furosemide should initially be administered 
intravenously or intramuscularly to the cat in severe respiratory 
distress. The route of administration depends on the stress 
level of the patient. Furosemide should he administered intra¬ 
muscularly to cats that are very distressed and cannot tolerate 
restraint for an intravenous injection. Cats that can tolerate an 
intravenous injection may benefit from the more rapid onset 
of action (within 5 minutes of an intravenous injection versus 
30 minutes for an in tram oscular injection). The initial furosemide 
dose lo a cat in distress should generally be in the 1 to 2 mg/lb 
range, intramuscularly or intravenously This dose may be 
repeated within 1 hour to 2 hours (see Chapter 199), 

High “dose parenteral furosemide therapy commonly pro¬ 
duces electrolyte disturbances and dehydration in cats. Cats 
with severe heart failure that require intensive therapy are often 
precarious. They may be presented dehydrated and electrolyte- 
depleted because of anorexia. They may remain anorexic and 
consequently dehydrated and depleted of electrolytes 
the edema, the effusion, or both are lessened. Judicious intra¬ 
venous or subcutaneous fluid administration may be required 
to improve these cats clinically, Overzealous fluid administra¬ 
tion will result in the return of CHF. If fluid administration is 
required, the furosemide administration must be discontinued 
for that time. 

Nitroptusside Anecdotally nitropmsside may be beneficial 
in cats with severe pulmonary edema due to HCM. As with 
DCM, it may be administered empirically at 2 pg/lb/min 

titrated, using blood pressure measurement to document efficacy 
starting at a dose of l to 2 pg/lb/min. Nitropmsside has a very 
short half-life. Consequently if clinically significant systemic 
hypotension is produced (e,g. r weakness, collapse, poor capillary 
refill time) cessation of the infusion will result in the systemic 
blood pressure returning to normal within several minutes. 

Nitroglycerin Nitroglycerin cream may be beneficial in cats 
with severe edema formation secondary to feline cardiomy¬ 
opathy However, no studies have examined effects or efficacy. 
Nitroglycerin is safe and some benefit may occur with its 
administration in some cats. Consequently one-eighth inch to 
one-fourth inch of a 2% cream may be administered to the 
inside of an ear every 4 to 6 hours for the first 24 hours as long 
as furosemide is being administered concomitantly. Nitroglycerin 
is not a primary drug. Tolerance develops rapidly in other 

species, and prolonged administration is probably of even lesser 
benefit. 

Once drug administration is complete, the cat should be 
left to rest quietly in an oxygen-enriched environment. Care 
should be taken not to distress the cat, A baseline measurement 
of the respiratory rate and assessment of respiratory character 
should be taken when the cat is resting. This should be followed 
at 30-minute intervals and furosemide administration continued 
until the respiratory rate starts to decrease (a consistent decrease 
of the respiratory rate from 70 to 90 breaths per minute into 
the 50 to 60 breaths per minute range is a general guide), the 
character of the cat’s respiratory effort improves, or both 
occur. When this happens, the furosemide dose and dose fre¬ 
quency should he curtailed sharply 

Sedation or Anesthesia In some cats, sedation with acepro- 
mazine (0.02 to 0.5 mg/lb intramuscularly or intravenously) 
may help by producing anxiolysis. Oxymorphone (0.02 to 
0.04 mg/lb every 6 hours intramuscularly intravenously or sub¬ 
cutaneously) or butorphano! tartrate (0.04 mg/lb intravenously 


or 0.18 mg/lb every 4 hours subcutaneously] may also be used 
but are secondary choices because they can produce respira¬ 
tory depression, Oxymorphone may produce excitement in 
some cats. 

In some cats with fulminant heart failure, anesthesia, intuba¬ 
tion, and ventilation are required to control the respiratory 
failure. Although this method is not preferred for most severely 
dyspneic cats, it can be life saving in some.This procedure has 
the advantage of being able to administer 100% oxygen and to 
be able to drain or suction fluid from the large airways in a con¬ 
trolled environment. The disadvantage is the administration of 
anesthetic agents to a cat that has cardiovascular compromise. 

Chronic Therapy 

Many aspects of chronic therapy of HCM are controversial. 
All therapy ls palliative, Furosemide is the only drug that has 
a clearly beneficial effect chronically on survival in cats with 

HCM. B4 

Fleurocentesis Many cats with HCM are dyspneic because 
of pleural effusion that reaccumulates despite appropriate 
medical therapy. These cats need periodic pleurocentesis (see 

Chapter 103), 


to 


once 


Furosemide In cats with CHF due to HCM, furosemide 
administration, once initiated, should usually be maintained 
for the rest of the cat's life. In a few cases, furosemide can be 
discontinued gradually once the cal has been stabilized. This 
usually only occurs in a cat that has had a precipitating stressful 
event. 


As for DCM, the maintenance dose of furosemide in cats 
usually ranges from 6.25 (one half of a 12.5 mg tablet) 
a day to 12*5 mg orally every 8 hours, although the dose may 
be increased further if the cat is not responding to 
tional dose. The author and colleagues have administered 
higher doses (up to 37.5 mg every 12 hours) than commonly 
recommended to a few cats with severe heart failure without 
identifying severe consequences as long as the cats were eating 
and drinking. Cats on high-dose furosemide therapy 
monly mildly dehydrated and mildly to moderately azotemic 

However, they often continue to maintain a reasonable qual¬ 
ity of life. 

The furosemide dose needs to be titrated carefully in each 
patient. The owner should be taught how to count the resting 
respiratory rate at home and instructed to keep a daily writ¬ 
ten log of the respiratory rate as outlined previouslv under 
DCM. This is highly beneficial for making decisions regarding 
dose adjustment in individual patients, 

Angiotensin-Converting Enzyme Inhibitors Although 
furosemide has been used to treat heart failure secondary to 
feline HCM for decades, the use of ACE inhibitors in cats with 
HCM is relatively recent, because veterinarians, like their col¬ 
leagues who treat humans, feared that the use of ACE inhibitors 
would worsen SAM in their patients. Over the past 10 years 
it has become obvious to most veterinary cardiologists that 
ACE inhibitors do not worsen the clinical signs referable to 
HCM, and a recent study has documented that SAM is not 
worsened by enaiapril administration in cats. 35 Many have 
believed and one study has suggested that ACE inhibitors 
improve the quality and quantity of life of cats with HCM, fib 
Preliminary evidence from a recent pi ace bo-controlled and 
blinded clinical trial suggests that enaiapril produces little 
no benefit when compared with furosemide alone in cats with 
heart failure due to HCM>‘ However, this study also included 
cats with unclassified (restrictive) cardiomyopathy and both 
cats with and without SAM. Subgroup analysis failed to 
change the conclusions of the study but the subgroups were 
small Consequently, it is the recommendation of this author 
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6,25 to 12,5 mg orally every 12 hours. 9 - 94 In the cat, atenolol 
has a half-life of 3,5 hours. When administered to cats at a dose 
of 1.4 mg/lb, atenolol attenuates the increase in heart rate 
produced by isoproterenol for 12 but not for 24 hours. 

Refractory Heart Failure 

Heart failure that is refractory to furosemide and an ACE 
inhibitor portends a poor prognosis. Another diuretic may be 
added to the therapeutic regimen, A thiazide diuretic is gener¬ 
ally the most rewarding but is also more likely to cause compli¬ 
cations, such as dehydration and electrolyte (sodium, potassium, 
chloride, magnesium) depletion. Spironolactone, in theory, 
may have some beneficial effects related to blocking aldos¬ 
terone's actions; however, clinically it rarely results in noticeable 
improvement, and its efficacy is unproven, A low sodium diet 
may be helpful, if palatable. This diet can be a commercial one 
or one that is devised by a nutritional service. Home-cooked 
diets formulated by the owner are discouraged unless the 
owner is counseled. If severe SAM is present and atenolol is 
not already part of the therapeutic regimen, it may be added 
at this stage. 


to continue to use an ACE inhibitor in cats in heart failure due 
to HCM at a dose of 1,25 to 2.5 mg orally every 24 hours. 

Diltiazem In cats with severe HCM that have or have had 
evidence of CHF, diltiazem or a beta-adrenergic blocking agent 
are often administered. Both provide symptomatic benefit 
in human patients. Their use in cats with HCM is controver¬ 
sial; however, little doubt exists that neither drugs produces 
dramatic benefits. Diltiazem, however, appears to produce no 

harm. 84 

Diltiazem is a calcium channel blocker previously reported 
to produce beneficial effects in cats with HCM when dosed at 
7,5 mg every 8 hours. 8789 Beneficial effects that have been 
reported include lessened edema formation and decreased wall 
thickness in some cats. In the author's experience only a few 
cats appear to experience a clinically significant decrease in 
wall thickness, and it is impossible to tell if this is due to drug 
effect or time. Rarely does it appear clinically that diltiazem 
controls CHF on its own or helps control pulmonary edema 
or pleural effusion when added on to furosemide therapy. 
Diltiazem does improve the early diastolic relaxation abnor¬ 
malities seen in feline HCM. 5 *^ Whether this helps decrease 
diastolic intraventricular pressure and so decrease edema for¬ 
mation is unknown. Theoretically il should have little benefit 
in the resting cat with a slow heart rate. Slower myocardial 
relaxation during rapid heart rates may not allow the 
myocardium enough time to relax, resulting in increased dia¬ 
stolic intraventricular pressure. Diltiazem may help protect a 
cat that undergoes a stressful event. Incomplete relaxation and 
decreased compliance, however, are more plausible explanations 
for increased diastolic pressure due to diastolic dysfunction in 
feline HCM, In humans, diltiazem does not change LV cham¬ 
ber stiffness and so does not alter passive diastolic function. 89 
In cats it also appears not to alter late diastolic filling proper¬ 
ties.^ 0 Diltiazem decreases SAM, which may decrease the 
amount of mitral regurgitation, but beta blockers generally 
produce a greater decrease in the amount ol SAM7* 3 Recent 
evidence suggests that diltiazem has no effect on survival time 
in cats with severe HCM and heart failure. 84 

Dilacor XR is dosed at 30 mg per cat orally every 12 hours 
and produces a significant decrease in heart rate and blood 
pressure in cats with HCM for 12 to 14 hours. 92 

Beta-Adrenergic Receptor Blockers Beta blockers are pri¬ 
marily used to reduce SAM and heart rate in cats with HCM. 
At this stage, beta blockers should probably be reserved for 
cats with severe SAM at rest or with tachyarrhythmias and 
not routinely administered to the affected population as a 
whole, because a recent study has suggested that atenolol 
shortens the survival of cats with diastolic dysfunction, includ¬ 
ing cats with HCM 84 Beta blockade is questionable for SAM 
and tachycardia observed in a clinical situation. Cats spend 
85% of their life asleep, and sleep probably reduces sympa¬ 
thetic activity better than a beta-adrenergic blocking drug. 
Consequently, many cats with mild to moderate SAM in a 
veterinary clinic probably have no or milder SAM at home, 
and the same can be said for tachycardia. Beta blockers are 
effective for reducing SAM Two studies have examined the 
effects of esmolol, a short-acting p r adrenergic blocking drug, 
in cats with HCM and obstruction to LV outflow due to 
SAM; both showed a reduction in the pressure gradient across 
the outflow' tract,* 1 *® In both studies the degree of outflow' 
tract obstruction decreased and the heart rate slowed, and in 

one esmolol was more effective than diltiazem. 91 If the data 
on esmolol can be translated to atenolol's effects in cats 
(w r hich seems reasonable), one would predict that atenolol 
would decrease SAM, 

Atenolol is a specific -adrenergic blocking drug that 
needs to be administered twice a day, usually at a total dose of 
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FELINE UNCLASSIFIED CARDIOMYOPATHY 


A relatively common echocardiograpHic finding in cats w'ith 
heart disease and heart failure is normal to mildly abnormal 
ventricular chamber size, wall thickness, and w'all motion with 

atrial enlargement (Figure 204-15). The left heart is most 

commonly affected, but there may also be concurrent right 
heart changes. It is commonly believed that because no evidence 
of systolic dysfunction, left-to-right shunting, or obvious valvular 
regurgitation exists, these cats must have diastolic dysfunction. 
Consequently, these cats are often assumed to have RCM. 
One study has suggested that this is not the case. 78 In this study, 
diastolic function w r as examined in nine cats with the afore¬ 
mentioned findings using DTL DTI is a pulsed Doppler tech¬ 
nique that measures the velocity of ventricular or annular wall 
motion and is an accurate means of detecting RCM in humans. 95 


Figure 204-15 Two-dimensional echocardiogram from a cat 

w'ith xinclassified cardiomyopathy. The left ventricle (LVJ appears 
normal and the left atrium (LA) is enlarged A small color flow 
Doppler jet of tricuspid regurgitation in the right atrium (JMJ, 
which is also enlarged but not to the same degree as the LA. 
RK Right ventricular chamber. 
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Six of the cats in the study had dear evidence of diastolic 
dysfunction (i.a, lower than normal early diastolic wall velocity'). 
Three cats clearly had normal diastolic function on DTI and 
therefore did not have RCM, Consequently, not all cats with 

the echocardiographic findings described previously have 
RCM. Therefore the author feels that the more appropriate 
term for this disease is unclassified cardiomyopathy unless it 
can be documented that diastolic dysfunction exists. In this 
scheme, RCM then is often a subclassification of unclassified 
cardiomyopathy, whereas the other subclass is unknown 
idiopathic. 

What could cause this echocardiographic pattern other 
than RCM? Some form of atrial myopathy is one possibility, 
and atrial standstill is occasionally identified in these cats (see 
www.vmthucdavis.edu/cardio/cases/ease 18/case 18.htm) t 
Misdiagnosis is another possibility. In the author’s clinic, many 
cats arriving with a diagnosis of primary mitral regurgitation, 
mitral and tricuspid valve dysplasia, and hyperthyroidism have 
been placed into this category (called either unclassified 
RCM), probably because it was convenient and gave the clini¬ 
cian a false sense of security of making a "definitive 3 diagnosis. 
Significant mitral regurgitation is most often missed when only 
a high-frequency ultrasound probe is used. A lower-frequency 
transducer and several views are recommended. Some ultra¬ 
sound machines do not have a frame rate high enough to ade¬ 
quately detect apparent severe mitral regurgitation in cats. 

In some cats, evidence of endocardial scarring can be seen 
on the echocardiogram, either as a discrete lesion most 
monly at the level of the rnid-LV or as diffuse scarring of the 
endocardium. In these cases the diagnosis of RCM may be 
made echocardiographically. 

The terms intermediate and intergrade cardiomyopathy have 
been used previously to describe this class of cardiac disease 
in cats. They are probably inappropriate because they suggest 
that the characteristic changes seen in these cats share clinical 
and echocardiographic features of both dilated and HCM. 


plasma cells, histiocytes, and a lesser number of neutrophils. 
The inflammatory' component of endomyocarditis may be 
infectious, immune-mediated, or toxic. An interstitial 
monia may also be common in this group. Within the past 10 
years a study documented endomyocarditis in 37 cats at 
necropsy over a 7-year period. 97 Over this same 7-year span, 
25 cats with endocardial fibrosis were identified at the same 
institution. J our of these 62 cats had features of both diseases. 
This study and previous findings from Dr Sam Liu have lead 
to the speculation that chronic endomyocarditis leads 
endocardial fibrosis, a pathologic disease that leads to the 
physiologic entity termed RCM. However, unless an agent 
that causes endomyocarditis in cats is identified, the theory 
that endomyocarditis leads to endocardial fibrosis will 
u n p ro veil. 

In addition to the previous findings and speculation, one 
study has identified a transmissible myocarditis-diaphragmitis 
in young cats.'** The disease is generally self-limiting and 
a transient fever and depression. The investigators were unable 
to isolate a causative agent in these cats. 

Eosinophilic endocardial inflammation is common in humans, 
more commonly in tropical climates. RCM has been reported 
in several cats with hypereosinophilie syndrome, although it is 
impossible to determine if the hypereosinophilia in this small 

number of cats caused RCM or the two diseases happened to 
occur together, 99 ^ 100 
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in its classic form, endocardial, subendocardial, or myocardial 
fibrosis impede ventricular diastolic filling and so impair dias¬ 
tolic function. These disorders are generally and primarily 
characterized by decreased compliance leading to an elevated LV 
d iastolic press ure with a n ormal LV filling vol ume. The ele va tion 
in diastolic ventricular pressure results in atrial enlargement 
and the formation of pulmonary edema and pleural effusion. 
The lesions are generally confined to the LV in humans and 
left CHF predominates the clinical presentation. 101 In cats, right 
atrial enlargement is also common. In some cats the LV is per¬ 
fectly normal in appearance, whereas in others the LV may be 
misshapen and may have additional false tendons traversing 
the ventricle. 


FELINE RESTRICTIVE CARDIOMYOPATHY 


Although listed as a separate entity in this chapter, in most 
situations RCM is a suhdassification of unclassified cardiomy¬ 
opathy. Feline RCM is a diverse group of myocardial conditions 
characterized by abnormal diastolic function, normal to mildly 
increased LV wall thickness, and normal to mildly reduced 
systolic function. RCM occurs when ventricular diastolic 
pliance is impaired (i.e., stiffness is increased) by infiltration of 
the endocardium, subendocardium, or myocardium by fibrous 
tissue or another component. In contrast to human medicine 
where specific causes, such as amyloidosis and eosinophilic 
infiltration are causes of RCM, specific causes for RCM have 
not been clearly defined in the cat. Without the use of invasive 
diagnostic procedures to directly measure LV diastolic function, 
DTI, other indirect measures of diastolic function, or necropsy 
examination, it is often impossible to distinguish this disorder 
from the form or forms of unclassified cardiomyopathy that 
are idiopathic. 

Incidence 

The exact incidence of RCM is unknown. Unclassified 
diomyopathy is the second most common feline cardiomy¬ 
opathy, of which RCM is a component. 

Cause 

The precise cause of feline RCM is unknown. Some evidence 
indicates that it may be inflammatory in nature. Endomyocarditis 
has been recognized in cats at postmortem examination for 
over 25 years, 9 * Endomyocarditis m cats is characterized by 
focal or diffuse infiltration oi the endocardium by lymphocytes, 


Pathology 

The postmortem changes are unique to this form of cardiomyo¬ 
pathy and may be used to differentiate it from other disorders. 
Patchy or diffuse endocardial, subendocardial, or myocardial 
depositions of fibrous tissue are characteristic necropsy findings. 
The endocardium may appear whitish-gray, opaque, and thick¬ 
ened when endocardial or endomyocardial fibrosis is present 
(Figure 204-16). Fibrous adhesions between papillary muscles 
and the myocardium with distortion and fusion of the chordae 
tendineae and mitral valve leaflets may also be noted in RCM. 96 
In extreme cases a portion of the LV cavity, most commonly the 
mid-LV, may be obliterated. As with most cardiomyopathies, 
the LV appears to be most severely affected, although other 
diac chambers may exhibit similar pathologic findings. Extreme 
left atrial and auricular enlargement is common. Other cats 
demonstrate apparently earlier stages of the disease in which 
microscopic evidence of myocarditis is evident without gross 
pathologic abnormalities. The lesions suggest an inflammatory 
response; however causative factors have not been identified. 

Systemic thromboembolism is prevalent. 19(2 

Histologic features of endocardial fibrosis include extreme 
endocardial thickening by hyaline, fibrous, and granulation 
tissue. 96 Chondroid metaplasia is occasionally exhibited by the 
surface layer of hyaline tissue. A layer of loose fibrous tissue 
lies beneath this layer with a layer of granulation tissue adja¬ 
cent to the myocardium. These changes arc similar but not 
identical to those seen in humans with RCM. 
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evidence of more pronounced endocardia] scarring. In these 
cases the endocardium may be notably thickened and irregular 
with an increased echogenicity. Others have evidence of cavity 
obliteration. Mild mitral regurgitation may be detectable with 
color flow Doppler. A large color flow Doppler jet suggests that 
the primary problem is primary mitral valve disease rather 
than unclassified cardiomyopathy. A left atrial thrombus may 
be identified. 

Doppler echocardiography may be abnormal in cats with 
RCM. However, this remains to be proven. As noted previously, 
the early diastolic waveform on DTI is reduced in cats with 
RCM, whereas it is normal in cats with the idiopathic form of 
unclassified cardiomyopathy. 

Electrocardiography No specific findings appear on electro¬ 
cardiogram (ECG). Supraventricular and ventricular arrhyth¬ 
mias may be present, but sinus tachycardia is most commonly 
presen tin th e c li nic 8 hi fts i n t h e me an elec irica 1 axis an d e vi - 
dence of chamber enlargement may occur. 

Clinical Pathology No specific clinical pathologic findings 
exist. Azotemia due to reduced cardiac output, either from CHF 
or dehydration caused by diuretic therapy, is the most common 
abnormality. Elevated liver enzymes may be encountered. 

Differential Diagnosis The primary differential diagnoses 
for RCM are unclassified cardiomyopathy not due to RCM, 
mitral regurgitation due to primary mitral valve disease, and 
myocardial infarction. Chronic myocardial infarction usually 
results in a region of akinetic or hypokinetic myocardium. Often 
the region of affected myocardium is thinner than normal With 
severe mitral regurgitation due to primary mitral valve disease, 
a large jet is seen with color flow Doppler (although it may 
take a lower-frequency transducer and various views, including 
the left apical four-chamber view, to identify it]. The P/S is 
commonly hyperdynamic, whereas die left ventricular free wall 
commonly moves less than normal. The LV chamber is usually 
larger than normal in diastole. 

Therapy 

Therapy of restrictive and unclassified cardiomyopathy is the 
same, ft is palliative and consists primarily of the administra- 
tion of furosemide and an ACE inhibitor as outlined in the two 
previous sections of this chapter. Diltiazem is not indicated 
because a calcium channel blocker is not able to help to relax 
scar (i.e., fibrous) tissue, A recent study suggests that atenolol 
may decrease the survival time in patients with diastolic dys¬ 
function.However, if the cat is persistently tachycardic at 
home, diltiazem or atenolol may be indicated in an attempt to 
slow the heart rate. 
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Figure 204-16 Postmortem specimen showing the left ventri¬ 
cle (LV9 and left atrium from a cat with endomyocardial fibrosis 
producing restrictive cardiomyopathy (RCM). The endocardium 
of the LV is white and thickened by fibrotic tissue. 


Natural History and Prognosis 

As with other forms of cardiomyopathy, prognosis is difficult 
to predict for individual cases, especially prior to observing 
die initial response to therapy A high incidence of serious 
arrhythmias, systemic thromboembolism, and refractory CHF 
is often present. In the author's experience, cats with RCM, on 
average, have a poor long-term prognosis. Although an initial 
response to standard therapy is often possible, progressive and 
refractory heart failure develops in the majority of cases. 

Clinical Manifestations 

History Signalment is difficult to accurately report, because 
little agreement exist among veterinary cardiologists as to 
which cases fall within this classification. From a series of 
pathologic studies in cats, Liu reported an age range of 8 
months to 19 years.No breed predisposition has been 
reported. There may be a male predominance, or it may be 
that males develop more severe disease, as in HCM. Most cats 
are middle-aged or older. Presenting complaints and clinical 
signs are similar to other forms of myocardial disease and 
include dyspnea and tachypnea, poor general condition, weak¬ 
ness, lethargy or rarely exercise intolerance, and anorexia. In 
one report, 45% had evidence of systemic thromboembolism 
at necropsy. 

Physical Examination A heart murmur heard best on the 
sternum* just media] to the left apex beat, is common. An 
arrhythmia may be ausculted, Many cats are dyspneic. 

Radiographs No specific findings exist for unclassified or 
RCM. Pulmonary edema and pleural effusion are common. 

Echocardiography The ec hoc a rdio graphic findings in RCM 
are variable. Left atrial dilation is the common feature, and the 
LV internal dimensions are typically normal but may be mildly 
to moderately reduced or mildly increased. Most commonly 
the LV looks normal. However, two-dimensional echocardiog¬ 
raphy may demonstrate loss of normal LV symmetry, distorted 
or fused papillary muscles, mild LV concentric hypertrophy, 
mild wall thickening* a mild reduction in shortening fraction, 
and a mild increase in chamber diameter Some cats may have 
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ARRHYTHMOGENIC RIGHT VENTRICULAR 
CARDIOMYOPATHY 


ARVC is a recently reported and rare form of feline cardiomy¬ 
opathy. 104 ft has been identified in humans, dogs (boxer dogs), 
and cats. It is characterized by fibrofatty or fatty infiltration of 
primarily the right ventricular free walk The right ventricular 
wall is commonly thinned in humans and cats with the disease. 
Ventricular tach y arrh yth m i as are common in ail three species, 
and sudden death is a common feature of the disease in humans 
and boxer dogs. 105 The disease is also commonly knowm as 
arrh yth mo genic right ventricular dysplasia (ARVD). 

Cause 

The cause of ARVC is unknown in cats. In humans at least six 
forms of the disease (ARVD 1 to 6) are inherited as an auto¬ 
somal dominant trait, and one (Naxos syndrome) is inherited as 
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an autosomal recessive trait, 105 The cause of ARVD 2 has been 
recently identified as several mutations in the gene that encodes 
for the calcium release channel (also known as the ryanodine 
receptor) on the myocardial sarcoplasmic reticulum, 106 
Ryanodine receptor dysfunction has been identified in boxer 

dogs with ARVC. 107 

Pathophysiology 

In cats, ARVC most commonly (8 of 12 cats in the one study 
reported to date) produces right heart failure, presumably 
through the destruction of right ventricular myocardium 

resulting in right ventricular systolic and, possibly, diastolic 

dysfunction along with secondary tricuspid regurgitation, 104 The 

changes in the right ventricular free wall also commonly pro¬ 
duce ventricular tachyarrhythmias (9 of 12 cats) and supra ven¬ 
tricular tachyarrhythmias (5 of 12 cats). Tumor necrosis factor 
(TNF) is commonly increased in cats with right heart failure, 
which may contribute to the systemic effects of the disease. I0B 

Pathology 

The right ventricular and atrial chambers are markedly enlarged 
in cats that die of the disease, KM Thinning of the right ventric¬ 
ular free wall is a consistent feature of the disease and may be 
focal or diffuse. Aneurysms of the wall may occur, especially at 
the apex of the right ventricle (RV), The wall is often so thin 
that light can be seen through it. Histopathologically cither fibro- 
Fatty or fatty replacement of myocardium exists. Inflammatory 
cells are commonly present, especially in regions of librofatty 
replacement. Although most prominent in the right ventricu¬ 
lar free wall, these changes are also commonly present in the 
LV and occasionally identified in the left atrium. Apoptosis is 
common. 

Clinical Manifestations 

Evidence of right heart failure, including ascites, pleural and 
pericardial effusions, and jugular vein distension, is common. 
The pleural effusion may be severe enough to cause tachypnea 
and dyspnea. A heart murmur secondary to tricuspid regurgi¬ 
tation is common. Arrhythmias are also commonly heard 
auscultation, and ECG evidence of a ventricular arrhythmia 
may be one due that one is dealing with ARVC and not tricus¬ 
pid valve dysplasia. Supraventricular tadiy a rrhythmias, including 
atrial fibrillation, may also occur In the severe stage, echocar¬ 
diography reveals marked enlargement of the right ventricular 
and right atrial chambers. The right ventricular chamber 
enlargement may be segmental. Tricuspid regurgitation is usu¬ 
ally present on color flow Doppler. Careful echocardiographic 
interrogation may reveal localized regions of right ventricular 
wall thinning or regions of aneurysmal dilation. The right 
tricular trabeculae may appear abnormal, especially at the apex. 
The disease may not be confined to the right heart, which 
the left atrial and ventricular chambers may also be enlarged. 
Syncope due to ventricular tachycardia may be present. 

Differential Diagnosis 

Cats with severe ARVC are commonly misdiagnosed as having 
tricuspid valve dysplasia because tricuspid regurgitation is a 
common sequel to the disease. Cats from 1 to 20 years of age 
have been diagnosed with the disease. 

Therapy 

Right heart failure ls treated with furosemide and an ACE 
inhibitor. Digoxin combined with either diltiazem or atenolol 
may be used to control supraventricular tachycardia or the 
ventricular rate in cats with atrial fibrillation. Malignant ventric¬ 
ular tachycardia or ventricular tachycardia that causes clinical 
signs (e.g., syncope) can be managed acutely with lidocaine (5 to 
20 pg/lb/min) and chronically with sotalol (1 to 2 mg/lb every 
12 ho u rs oral! y). 


SECONDARY MYOCARDIAL DISEASES 


Hyperthyroidism 

Hyperthyroidism commonly produces echocardiographic 

changes, although the changes are usually relatively mild. 
Changes can include an increase in LV waif thickness, left 
atrial size, and LV diastolic diameter. Shortening fraction may 
also be increased. 110111 Often these changes regress over months 
once the hyperthyroidism is successfully controlled These 
changes are physiologic in response to the direct effects of the 
excess thyroid hormone on the cardiac myocytes, the increase in 
metabolic rate, and systemic hypertension. Consequently hyper¬ 
thyroidism is not a lorm of cardiomyopathy primary 
myocardial disease). However, some cats with hyperthyroidism 
will have the classic features of severe HCM, including SAM 
in some, and a few may experience heart failure. Although 
unproven, the author theorizes that some of these cats may 
have had mild to moderate HCM all their lives and that the 
hyperthyroidism has exacerbated the hypertrophy. 

Systemic Hypertension 

Systemic arterial hypertension causes a pressure overload of 
the LV and leads to concentric hypertrophy. This hypertrophy 
is generally mild, however, with the average increase in wall 
thickness being approximately 1 mm. 112 As with hyperthy¬ 
roidism, the author theorizes that some cats with mild to 
moderate HCM have an exacerbation of their concentric hyper¬ 
trophy when they develop systemic arterial hypertension. Jn 
addition to the LV wall becoming thicker, the proximal aorta 
also increases in size with systemic arterial hypertension. 

Acromegaly 

Acromegaly has been reported to increase LV wall thickness 
severe enough to produce heart failure in cats. In one study, 
significant wall thickening was identified in seven of 14 cats 
with acromegaly and six developed heart failure. 55 However, 
in six cats examined echocardiographic ally by the author, no 
evidence of cardiac change was found. 


on 


SYSTEMIC ARTERIAL THROMBOEMBOLISM 


A thrombus is a blood clot. Thrombi are usually formed (to 
prevent hemorrhage) when a blood vessel is traumatized. 
They can also form spontaneously within the cardiovascular 
system. A systemic thrombus becomes a systemic throm- 
boembolus when it dislodges from the primary site where it 
forms in the cardiovascular system and is pushed by blood 
flow to a distal site where it lodges, partially or completely 
occluding blood flow distal to the thromboembolus. Most dots 
that occlude systemic arterial blood vessels are thromboemboli 
Spontaneous formation of a clot in a systemic arterial vessel 
causing occlusion of a systemic artery is an unusual event and 
requires a predisposing factor (e.g., trauma) to allow it to occur. 
Most systemic thrombi that form and cause thromboemboli in 
cats appear to form in the left atrium, most commonly in the 
left auricle, as they do in humans [Figure 204-17). 

Systemic arterial thromboembolism (STE) is most com¬ 
monly observed in cats w ith any form of cardiomyopathy, most 
frequently in those with severe left atrial enlargement, although 
they also have been reported to occur in cats with hyperthy¬ 
roidism. 1 lfi However, it is unknown if cases of hyperthy¬ 
roidism have confounding HCM or not. Left atrial chamber 
enlargement in the absence of mitral regurgitation causes 
blood flow stasis, especially in the left auricle, allowing red 
cells to aggregate and thrombus formation to occur. Although 
STE can occur in cats that do not have cardiac disease, more 
than 70% of cases seen in veterinary small animal practice are in 
cats with cardiomyopathy. 11511 ® 
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clump together (see w r w^ vmth.ucdavis.edu/cardio/cases/ 
case 18/echo,htm)J I® In vitro this occurs when blood flow 
velocity decreases below 10 cm/sec, whereas in humans with 
atrial fibrillation it occurs when the velocity from the left 
auricle to the left atrium slows to less than 35 cm/sec. LH 120 








Increasing plasma fibrinogen concentration also increases red 
cell aggregation, whereas red cell aggregation is not altered by 
the absence of platelets, stimulation of platelet aggregation 
with A DP, or inhibition of platelet aggregation with aspirin. 119 

Red cell aggregation can be observed with ultrasound and 
is termed spontaneous echocardiagraphic contrast (SEC), also 
known euphemistically as "smoke." SEC is often observed 
swirling in the enlarged left atrium of a cat with severe car¬ 
diomyopathy. In humans, SEC is associated with increased left 
atrial size and with reduced left atrial blood flow velocity. 120 
It is the factor most strongly associated with left auricular 
thrombus formation and with systemic embolic events. No 
studies on this subject have been performed in veterinary 
medicine. However, it is common to see spontaneous contrast 
in the left atrium of a cat with severe cardiomyopathy and an 
STE. IF low blood flow velocity is such an important factor, 
one might also expect dogs with DCM to be prone to left 
atrial thrombus formation. Systemic thromboembolism is rare 
in dogs with DCM. The reason for this discrepancy may be 
due to species differences in erythrocyte aggregability. One 
study has documented that normal cat red cells are more 
aggregable than those of dogs, rats, rabbits, humans, and ger- 
hils. 121 Although platelets are not necessary for thrombus for¬ 
mation in the left atrium and auricle, cat s platelets are also 
more reactive than other species. Feline platelets undergo 
spontaneous aggregation in vitro and are more responsive to 
serotonin-induced aggregation than are platelets from other 
species. 122 1 23 Cats also have a greater volume of platelets 
per body weight than other species. 122 One study has docu¬ 
mented increased platelet aggregability in some cats with 
cardiomyopathy , 124 

In humans, hyperhomocysteinemia has been associated 
with venous thrombosis, atherosclerosis, and arterial occlusive 
disease. 125 Consequently, hyperhomocysteinemia is thought 
to be associated with a there genesis and thrombogenesis. 
Homocysteine is an amino acid metabolically converted from 
methionine. This conversion is dependent on folic acid and 
vitamins and B l2 , acting as cofactors. The resting plasma 
concentrations of vitamins and B| 2 are lower in cats with 
cardiomyopathy and in cats with STE than control cats, but 
resting plasma homocysteine concentration is not lower. 126 
However, when challenged with methionine, some normal 
cats show 
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Figure 204-17 A two-dimensional echocardiogram from a cat 
with hypertrophic cardiomyopathy (HCM), showing a large 
thrombus (T) in the left atrium (LA), specifically the left auricle, 
and spontaneous echocardiograpHic contrast in the left atrium. 

Ao, Aorta. 


Most cats (approximately 90%) with STE have the throm- 
boembolus lodge at the terminal abdominal aorta (the aortic 
trifurcation). The thromboembolus commonly extends down 
the external iliac arteries, giving it the appearance of a saddle. 
Consequently, it is commonly called a saddle thromboembolus. 
Thromboembolism of the terminal aorta causes acute cessa¬ 
tion of blood flow to the caudal limbs, producing acute caudal 
limb paresis and paralysis and pain with a loss of the femoral 
pulses, cold extremities, and pale or cyanotic pads (pain, 
poikilothermia, paralysis, pulselessness and pallor). Some cats 
have a smaller thromboembolus lodge in one femoral artery, a 
brachial artery! or another smaller artery. Occasionally a large 
thromboembolus lodges more proximally in the aorta, above 
the renal arteries, resulting in acute renal failure. In other cats, 
a very large thromboembolus lodges in the mitral valve orifice, 
the LV, or the proximal aorta at the region of the brachio¬ 
cephalic trunk, causing sudden death. 137 

Pathophysiology 

In fast-flowing blood, as occurs with injury to a systemic blood 
vessel, the principal elements forming a thrombus are 
platelets, which form a white clot. 118 As blood flow slows due 
to the clot formation, red cells are incorporated in the clot to 
form a red thrombus. On the other hand, in slow-flowing 
blood, coagulation enzymes play the major role in thrombus 
formation. Here red cells entrapped in a fibrin network result 
in the formation of a red thrombus. Although no one has 
examined the composition of left atrial thrombi in cats, in 
humans they are composed of red cell aggregates within a 
fibrin meshwork. ,,s 

The most plausible explanation for thrombus formation in 
the left atrium of cats with STE is sluggish blood flow. At a 
postmortem examination, atria from cats with cardiac disease 
and thromboembolism are often very large and may be 
fibrotic. tn one study the left atrium was severely enlarged in 
57%, moderately enlarged in 14%, and mildly enlarged in 22% 
of cats with STE, 1,5 Only 5% had a normal left atrial size, Tbe 
amount of blood that flow's through an enlarged left atrium of 
a cat with cardiomyopathy is normal to low unless significant 
mitral regurgitation is present, resulting in a lower than normal 
blood flow velocity within the chamber. When blood flow 
slows to a certain velocity, red cells and other blood fee tors 


clear abnormality in their ability to produce 
homocysteine, showing a marked elevation in plasma homo¬ 
cysteine concentration after oral methionine administra¬ 
tion. 127 This may suggest that some cats have an abnormality 
In their homocysteine metabolic pathway that could make 
them more susceptible to thrombosis. 


Throt7ib0etnl?olistn Once a left atrial thrombus has formed, 
it can do one of four things: (1) it can remain static, especially 
if it is lodged in the left auricle; (2) it can dislodge and become 
an STE; (3) it can grow very large and occlude intracardiac 
blood flow; or (4) it can be dissolved by the body's throm¬ 
bolytic system. The incidence of the first and fourth outcomes 
is unknown, because if a thrombus causes no clinical abnor¬ 
malities, the thrombus usually goes undetected. If it occludes 
intracardiac flow; it causes death, and if a postmortem exami¬ 
nation is not done, the cause of death is never known. Only 
the second scenario results in clinical signs for which owners 
commonly seek medical attention for their pets. 

The clinical signs produced depend primarily on the site 
occluded by the thromboembolus, whether the occlusion is 
total or partial, and the amount of collateral circulation. 
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Before they dislodge, most left atrial thrombi apparently become 
larger than any artery exiting off the aorta. Consequently, 
blood flow pushes them the length of the aorta to lodge at the 
aortic trifurcation, where the aorta divides into the two external 
iliac arteries and the common origin of the internal iliac arteries. 
Here they obstruct blood flow to the caudal limbs. 

Physical obstruction is only a part of the pathophysiology. 
Experimentally, the terminal aorta has been ligated in an 
attempt to reproduce the disease. 128 329 Surprisingly, cats with 
aortic ligation exhibit no pain and walk after surgery, although 
the femoral pulses are absent and caudal limb blood flow is 
only 30% of baseline. 3 30 Slight weakness and hyporeflexia are 
present, but even these resolve within 72 hours when caudal 
limb blood flow returns to 90% of baseline. Aortograms in these 
cats confirm the presence of collateral blood flow* through the 
lumbar vertebral arteries and the cranial and caudal epigastric 
arteries. The disease can be reproduced, however, if a thrombus 
is created within the terminal aorta. 1Z9 - 130 Aortograms from 
these experimental cats are identical to those from spontaneous 
clinical cases; both demonstrate very poor collateral flow beyond 
the region of the thromboembolus* Pretreatment with an anti- 
serotonin ergic agent or with indomethaein prevents the loss of 
collateral circulation, and serotonin or thromboxane A z injection 
reproduces the clinical situation when injected into a caudal 
aortic segment. 128 - 131 " 133 It is hypothesized that thromboem- 
boli release serotonin and thromboxane A z , agents present in 
platelets and known to produce intense vasoconstriction, and 
disrupt collateral flow. 134 Administering anti serotonin agents 
(e.g., cyproheptadine] and indomethaein after a thromboem- 
bolus is present apparently has no effect. 

Clinical Manifestations 

History The majority of cats seen with STE are mixed 
breed cats. 115135 Because more severe HCM is seen in males 
and HCM is the most common feline cardiomyopathy, more 
male cats are seen with STE. Most cats with STE have heart 
disease, but up to 90% have no evidence of heart disease prior 
to developing STE. 115 Consequently, owners often think that 
their cat has experienced an acute traumatic event. At the 
* onset of STE, the cat may fall off a structure on which it was 

lying. Often the cat is found unable to walk and vocalizing 
because of pain. 

Physical Examination Auscultation often reveals a heart 
murmur or a gallop sound (or both] at presentation. 115 Many 
cats are in heart failure and so are tachypneic and dyspneic. 
The rectal temperature is usually reduced. 

In cats with a large thromboembolus at the aortic trifurcation, 
the femora 1 artery p ulses are absent to very w*e ak. Once a throm - 
boembolus lodges in the terminal aorta, ischemic damage to 
the skeletal muscles and peripheral nerves occurs. The cranial 
tibia! and gastrocnemius muscles are most severely affected 
and are commonly swollen, turgid, and painful, especially 
w hen palpated and the animal has loss of neural reflexes and 
motor function to the hind limbs (paresis and paralysis). 
Initially, the ischemic damage to the muscles of the caudal legs 
results in intense pain. The pain usually subsides as sensory 
nervous input is lost. The distal portions of the legs are cool 
and the nail beds are pale or % r ery dark (purple to black). Femoral 
artery pulses in most cats with STE (78% in one study) are 
absent upon presentation. 115 In some cats a smaller throm- 
boembolus may lodge in one external iliac artery, resulting in 
cessation of blood flow to only one leg. In other cats the femora] 
artery pulses may be weakly present because of recanalization 
of the aorta. In some cats it is difficult to determine if a pulse 
is present or not and a false diagnosis of thromboembolism in 
a cat with neurologic disease is common. 1 ^ A Doppler blood 
flow' detection device is helpful to identify the presence 
absence of blood flow. In cats that have no sensation in their 


distal limbs, a nail can be cut back to the "quick" to determine 
if active bleeding occurs. 

Most aortic throm bo emboli lodge terminally in the aorta 
where they disrupt blood flow to the spinal canal beyond L 5 , 
meaning blood supply to the spinal cord is not disrupted. 
Instead, perfusion is lost to the cauda equina and the periph¬ 
eral nerves that originate from this area. Consequently, loss of 
motor function is due to low r er motor neuron disease. Motor 
function loss to the caudal body is variable. Many cats retain 
the ability to move their tails. Some cats lose the ability to 
move their caudal legs starting at the hip, whereas others only 
lose the ability to move the limbs distal to the stifles or distal 
to the hock. These latter cats can extend and flex their hips and 
so “walk" on their stifles. Loss of cutaneous sensation occurs 
relatively early and follows the pattern of motor loss. The 
patellar reflex is lost in many cats but remains intact in others. 
Anal tone and the anal reflex are usually normal. Bladder 
function is often normal. Some cats may have urine retention, 
but the bladder can usually be easily emptied by external 
manual compression. In cats w'ith experimental thrombosis of 
the terminal aorta, neurologic function (patellar reflex, with¬ 
drawal reflex, thigh adduction, digit extension, caudal limb 
weight bearing, locomotive ability, and cutaneous sensation) 
to the caudal limbs is completely lost in 80% of cases. 13n The 
remaining cats have very little residual neurologic function. 
Presumably the cats seen clinically with some remaining neu¬ 
rologic function must have some collateral flow to explain 
their neurologic findings. Acute ligation of the aorta in exper¬ 
imental cats, prior to collateral circulation becoming fully 
developed, produces cessation of blood flow to the distal 
portion of the caudal limbs, although proximal flow remains 
apparently normal. 130 This mimics the situation observed in 
some feline patients that have function remaining in the prox¬ 
imal portion of their caudal limbs. 

After the acute embolic event, thrombolysis starts as pias- 
min is activated. In some cats with a small thromboembolus, 
thrombolysis is rapid and complete, allowing function to 
return with in hours. In other cats the thromboembolus is 
large and the thrombolytic activity of the cat is low, resulting 
in permanent loss of perfusion to the caudal limbs and per¬ 
manent paralysis. Regions of necrotic skin and muscle (most 
commonly dry gangrene) often develop, and muscle contrac¬ 
ture takes place over time. Between these two extremes are 
cats that recover function over time with no untoward events 
and cats that partially recover function but have skin and 
muscle necrosis develop. The latter cats may require surgery 
to debride open wounds or amputate toes or parts of limbs. 
Cats that have complete and lasting occlusion of blood supply 
to only one limb do very well after limb amputation. 

Coagulopathies can occur in cats with STE, although they are 
usually not severe enough to produce clinical signs. 132 The 
platelet count is generally within the normal range, and no 
evidence of fibrin degradation products is seen. Individual 
clotting factors, however, may be low in certain cases. 

Cats w-ith thromboemboii commonly have severe underlying 
cardiac disease. Acute terminal aortic blockade by the throm¬ 
boembolus increases afterload to the LV. This can increase left 
heart filling pressures and resultant pulmonary edema and respi¬ 
ratory distress. 11 * The heart failure must be treated appropri¬ 
ately, If pulmonary edema is severe, it worsens the short-term 
prognosis. 

Diagnosis 

The diagnosis of STE in cats is usually based on the presence 
of typical clinical signs described previously in this chapter. 
However 20% to 30% of cases referred for STE have primary 
neurologic disease, so it does not appear that a diagnosis based 
only on clinical signs is accurate. Consequently, some effort 
should be placed into doing more definitive diagnostic tests in 
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these cats. In most cases, simply cutting a nail back to the "quick" 
is adequate. Cats without blood flow to the caudal limbs will 
not have any bleeding from a cut nail, or very dark blood will 
ooze from the site. A Doppler device can also be used to 
determine if blood flow to affected limbs is present and if flow 
is returning to a limb. Imaging of the affected regional vessels 
by intravenous or intraarterial angiography or nuclear tracers 
is the definitive diagnostic procedure for thromboembolic dis¬ 
ease. Risks to the patient must be considered when contem¬ 
plating angiography Stabilizing the patient is the primary 
consideration before attempting invasive diagnostic procedures. 
Color flow Doppler imaging of the area may demonstrate lack 
of or severely compromised flow. 

Radiographs reveal cardiomegaly in almost 90% of cats 
with STE and evidence of heart failure in approximately 50% 
to 70%J 15 - 116 ' 135 Most cats (85% in one study) have ECO 

abnormalities 115 (LV enlargement, conduction system abnor¬ 
malities, and sinus tachycardia)* 

Echocardiography is used to identify the underlying cardiac 
disease. In one study about 60% of cats had HCM and 25% 
had unclassified cardiomyopathy whereas in another study 
un c la ss ifi ed ca rdio myopathy p red omi n ated. 115 *' 116 

Clinical Pathology Laboratory abnormalities are common 
in cats with STEJis Most have increases in serum aspartate 
aminotransferase and alanine aminotransferase concentrations 
due to muscle necrosis, and serum glucose concentration 
(stress). Severe increases in serum urea nitrogen and creatinine 
concentrations may suggest the thromboembolus has lodged 
in the region of the renal arteries. 

Treatment 

Euthanasia In cats that are in acute pain that have a poor 
prognosis due to severe cardiomyopathy euthanasia is a 
humane means of dealing with the problem. Systemic throm¬ 
boembolism is often a horrible complication of cardiomyopathy 
the treatment options are all relatively poor, and re thrombosis 
is common. Consequently, although one should not automat¬ 
ically give up on a patient, one should not give false hope 
either. 


regain full or partial function of their legs. About 50% of cats 
that are not treated definitively will regain all or most caudal 
limb motor function within 1 to 6 weeks. 116 ' 130 Return of 
function presumably is due to the cat's own thrombolytic 
system (e.g*, plasmin] disrupting the thromboembolus. The 
degree and rapidity of the dissolution depend on the activity 
of a particular cat's thrombolytic system and the size and 
quality of the thromboembolus. Usually cats that have some 
evidence of caudal limb flow recover more rapidly than do 
cats with no evidence of flow. Presumably this is because the 
size of the thromboembolus in cats with some flow is smaller. 
With total occlusion, some cats recanalize within days (others 
never recanalize). This extreme variability makes it very difficult 
to render a prognosis for a particular patient at presentation. 

Palliative therapy may be only cage rest and pain control or 
can include administering drugs such as heparin, aspirin, or 
arteriolar dilators along with the cage rest. No drugs adminis¬ 
tered for palliation have any proven benefit over cage rest alone. 

Heparin is commonly administered in the hopes of pre¬ 
venting new thrombus formation on top of the existing 
thromboembolus or in the hope of preventing a new throm¬ 
bus from forming in the left atrium. However, no evidence 
indicates that heparin is of benefit in cats with STE. Heparin 
does not aid in thrombolysis. Heparin can be administered at 
an initial dose of 100 U/lb intravenously followed by a main¬ 
tenance dose of 30 to 100 U/lb subcutaneously every 6 hours. 
The dose should be tailored to each individual cat to increase 
the activated partial thromboplastin time (aPTT} to at least 
1.5 times baseline, 

Indomethacin is effective at preventing vasoconstriction distal 
to the thromboembolus when administered to experimental cats 
prior to creating an aortic thrombus. 139 Theoretically aspirin 
could do the same thing. However, no evidence indicates that 
it improves collateral blood flow. 

The administration of drugs that dilate systemic arterioles 
(e.g., hydralazine, acepromazine) has been advocated. These 
drugs act by relaxing the smooth muscle in systemic arterioles. 
The exact anatomy of collateral vessels is not well described, 
but they are probably larger vessels than arterioles. They contain 
smooth muscle, because they can open and close. The ability 
of arteriolar dilators to counteract serotonin and thromboxane 
A 2 -induced vasoconstriction is unknown. 

Definitive Therapy Definitive treatments for STE in cats 
include administration of exogenous fibrinolytic agents, bal¬ 
loon emboieetomy, rheolytk thrombectomy, and surgery. All 
definitive procedures are associated with high mortality and 
common recurrence of the thromboembolus days to months 
after the initial removal. 
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Pain Control Cats that present in pain must be treated 
appropriately for their pain. Appropriate drugs include a fen- 
tanyl patch, oxymorphone (intramuscularly, intravenously, or 
subcutaneously) and butorphanol tartrate (subcutaneously). 
Aspirin does not produce adequate pain control. Oxymorphone 
may produce excitement in some cats. The analgesic properties 
of butorphanol are five times that of morphine, and it remains 
a nonscheduled drug by the Food and Drug Administration, 
Its respiratory depressant effects equal that of morphine. 
Consequently one must be careful when administering this 
drug to a patient with dyspnea. Acepromazine may be admin¬ 
istered intravenously in addition as an anxiolytic agent to 
cats that still appear distressed after the administration of the 
analgesic or to cats that become agitated after oxymorphone 
administration. The pain abates with time (usually hours) as 
sensory nerves undergo necrosis. 

Palliative Therapy Beyond pain control, many cats with STE 
receive only supportive care or the administration of drugs 
with no proven benefit. The primary outcome of arterial occlu¬ 
sion depends upon the extent of occlusion and the time to 
spontaneous reperfusion. Poor prognostic factors for short- 
term survival include worsening azotemia, moderate to severe 
pulmonary edema or pleural effusion, malignant arrhythmias, 
severe hypothermia, disseminated intravascular coagulation, 
and evidence of multiorgan embolization. Long-term, cats 
may lose an affected leg because of ischemic necrosis, die of 
toxemia, remain paralyzed from peripheral nerve damage, or 


Surgery Surgical removal of systemic thromboemboli is 

generally thought to be associated with high mortality and is 
not frequently performed. Cats wdth STE commonly have 
underlying cardiac disease, and many are in heart failure. They 
are poor anesthetic risks, and reperfusion syndrome may be 
produced* In reperfusion syndrome the muscles of the legs 
prior to removal of the STE undergo necrosis, cellular break¬ 
down, and the release of potassium and hydrogen ions from 
the cells into the interstitial spaces. Sudden reperfusion carries 
these ions into the systemic circulation, causing acute and 
often severe hyperkalemia and metabolic acidosis* Surgical 
intervention may be a viable option if careful monitoring and 
treatment for reperfusion syndrome with insulin and glucose, 
sodium bicarbonate, or calcium (or a combination of these 
therapies) can be initiated immediately if it occurs. 

Balloon emboieetomy The procedure of choice in human 
medicine is balloon emboieetomy* 140 The author has had lim¬ 
ited experience with balloon emboieetomy. In this procedure 
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had another STE within I to 3 months. Rethromboembolism 

occurred despite aspirin, warfarin, or heparin adm inistration. 
tn addition, t-PA is expensive. Consequently, the author does 
not currently use t-PA for STE in cats. 

Streptokinase has clinical efficacy very similar to t-PA 
in human patients with coronary artery thrombosis. 143 
Streptokinase is less expensive. No controlled clinical trials of 
streptokinase use for STE in cats are available, and the author s 
clinical experience with the drug has been generally negative. 
There has been one small experimental study in which throm¬ 
bin was injected between two ligatures placed at the terminal 
aorta to create a soft thrombus, followed by removal of the 
ligatures. 144 Streptokinase was administered as a loading dose 

at 90,000 IU followed by 45,000 lU/hr for 3 hours. This dose 

produced evidence of systemic fibrinolysis in a separate group 
of normal cats but without evidence of severe fibrinolysis or 
bleeding. In most cats there was no angiographic change and 
no improvement in limb temperature. There was a tendency 
for the thrombus weight to be lower in the treated cats when 
compared with control cats at postmortem examination. 

However, lysis of a fresh thrombus created with thrombin is 
probably much different from trying to lyse an established 
thromboembolus. Streptokinase is usually unsuccessful, may 
hasten the death oi some cats through bleeding complications, 
and should not be routinely used. 

Rheolytic thrombectomy Rheolytie thrombectomy is an 

experimental catheter-based system used for the dissolution of 
the thromboembolus using a high-velocity water jet at the end 
of the catheter that breaks up the thromboem bo! us and sucks 
it back into the system using the Venturi effect. Anesthesia is 
required and blood transfusion is almost always needed. The 
catheter is passed from the carotid artery to the region of the 
thromboem bolus. The author and colleagues have used it in six 
cats. The procedure successfully removed the thromboemholus 
in five cats but only three left the hospital (Figure 204-18]. 
Tune from onset of clinical signs to thrombectomy was several 
hours to 8 days. The cat that had the procedure 8 days after 

the event had residual neurologic deficits but was the longest 
survivor. Interestingly, reperfusion syndrome has not been a 
common complication. 

Adjunctive therapy Cats with STE are commonly in 
heart failure at the time of presentation. 116 Medical therapy 
with furosemide and an ACE inhibitor is often indicated. Cats 
that are in pain usually do not eat or drink. Fluid therapy is 
warranted but must not aggravate or produce heart failure. 

Cats that take a long time to recover caudal limb function 
or that only attain partial function may develop regions of 
skin and muscle necrosis, especially on the distal limbs. These 
regions may need to be debrided surgically. Cats that lose the 
function of only one leg or that do not regain function of one 
leg benefit from amputating that leg. Cats that have perma¬ 
nently lost muscle function distal to the hock may benefit 
from arthrodesis. 


the femoral arteries are isolated and a small balloon embolec- 
tomy catheter is passed from one femoral artery into the aorta. 
The femoral arteries are not extremely difficult to isolate. The 
catheter is pushed past the thromboembolus, and the balloon 
is then inflated and the catheter withdrawn, along with throm¬ 
boembolic material. The catheter is passed sequentially, first in 
one artery and then in the other Usually this sequence must 
be repeated several times. Reperfusion syndrome may occur 
with balloon embolectomy. 

Thrombolytic therapy Thrombolytic therapy is a possible 
means of dealing w ith cats with STE using fibrinolytic agents 
Thromboemboli in cats are composed of red cells, strands of 
fibrin, and possibly platelets. Fibrinolytic agents cleave plas¬ 
minogen to pi asm in. Plasmin hydrolyzes fibrin, resulting in 
thrombolysis. Different agents vary in their ability to bind 
specifically to fibrin-bound plasminogen and in their half-lives. 
Efficacy and complication rates appear to be very similar in 
humans. 141 Complications consist primarily of hemorrhage 
due to fibrinolysis and reth ro m bos is. Fibrinolytic agents can be 
very effective at lysing systemic thromboemboli. However, the 
author and colleagues currently treat few cats with STE with 
these agents because reperfusion syndrome and rethrombosis 
are common. 

Tissue plasminogen activator (t-PA] and streptokinase have 
been used in cats. Tissue plasminogen activator is an intrinsic 
protein present in all mammals. Numerous reports exist of 
the use of t-PA for the lysis of thrombi as therapy for acute 
myocardial infarction, pulmonary thromboembolism, and 
peripheral vascular obstruction in humans and experimental 
animals. 141 The activity of genetically engineered t-PA in 
feline plasma is 90% to 100% of that seen in human plasma. 
The half-life of t-PA is quite short. Heparin must be adminis¬ 
tered concomitantly to prevent acute rethrombosis but does 
not need to be administered with streptokinase because it has 
a longer half-life. A clinical trial with t-PA in cats with aortic 
thromboemboli has shown acute thrombolytic efficacy (short¬ 
ened time to reperfusion and ambulation) associated with 
the administration of t-PA at a rate of 0.1 mg to 0.4 mg/lb/hr 
for a total dose of 0.4 to 4 mg/Ib intravenously, 14 - Forty three 
percent of cats treated survived therapy and were walking within 
48 hours of presentation. Post-t-PA angiograms demonstrated 
resolution of the primary vascular occlusion. Thus acutely, 
t-PA effectively decreases the time to reperfusion and return 
to function in cats with aortic thromboemboli. However, 50% of 

the cats died during therapy in this clinical trial r which raises 

extreme concerns regarding acute thrombolysis. Fatalities 
resulted from reperfusion syndrome (70%), CHF (15%), and 
sudden arrhythmic death, presumably the result of embolization 
of a small thrombus to a coronary artery (15%). Severe hemor¬ 
rhage into the region distal to the STE causing anemia was also 
a common complication. The cats that successfully completed 
t-PA therapy exhibited signs of increasing neuromuscular func¬ 
tion and ambulatory ability within 2 days of presentation. This 
contrasts with 1 to 6 weeks before seeing similar signs of 
improvement in most cats exhibiting spontaneous resolution. 

Mortality due to reperfusion syndrome can be reduced if 
the patient can be observed continuously by an individual 
trained to identify clinical and electrocardiographic evidence 
of hyperkalemia, if intensive monitoring of electrolytes and 
blood pH can be performed, and if aggressive medical therapy 
for hyperkalemia and metabolic acidosis can be initiated very 
quickly. This means dedicated care 24 hours a day until the 
thromboembolus is lysed. Thrombolysis may occur within 
3 hours or take as long as 48 hours. 

If reperfusion syndrome was the only major complicating 
factor in cats treated with thrombolytic agents, continued use in 
selected patients might be warranted. However, 90% of the cats 
that were successfully treated in the aforementioned clinical trial 


Prognosis The short-term prognosis for life is guarded in 
cats without heart failure. Cats w'ith a rectal temperature 
lower than 98.9° F had a worse prognosis in one study. 1 If * The 
long-term prognosis is highly variable and depends on the 
ability to control the heart failure and the events surrounding 
the STE. One of the most common causes of death within the 
first 24 hours is euthanasia.In one study, cats lived between 
3 and 30 months after the initial episode. 115 The average sur¬ 
vival time was about 10 to 12 months. Id another study, MST 
for cats that recovered and were discharged from the hospital 
was approximately 4 months but was only about 2.5 months 
in cats that w'ere also being treated for heart failure. 1 16 The 
long-term prognosis for limb function depends on the ability 


Figure 204-18 A, Angiogram of the aorta from a cat with a thromboembolus lodged in its 
terminal aorta. Contrast can be visualized in the aorta to the level of middle of the sixth lumbar 
vertebra where it abruptly terminates (arrow). No blood flow is demonstrated past that point. 
B, An angiogram from the same cat after rheolytic thrombectomy. The thromboembolus has been 
removed. The tip of a catheter can be seen at the junction of the fifth and sixth lumbar vertebrae. 
Beyond that point the contrast agent outlines the normal blood flow pattern to the caudal limbs. 


of the cat to lyse its own clot or on the success of intervention. 
Many biologic variables determine whether or not reperfusion 
will spontaneously occur. A significant percentage of cats will 
develop a new thromboembolus, days to months after recovery. 

Prophylaxis Feline patients with myocardial disease, espe¬ 
cially those with an enlarged left atrium, should be considered at 
risk for developing intracardiac thrombi and signs of peripheral 
arterial thromboembolism, although the incidence appears to 
be low. Preventing peripheral thrombosis is, in theory, one of 
the most important therapeutic objectives for the veterinarian 
managing cats with severe myocardial disease, 'Hie ideal 
means of preventing thrombosis is resolution of the underly¬ 
ing myocardial disease. This is usually only possible in a cat 
with DGM secondary to taurine deficiency. 

At -present, the only option available is to manipulate the 
patient s coagulation system in an attempt to alter the delicate 
balance between the pathways that promote clotting and 
those that inhibit thrombus formation to reduce the patient's 
thrombogcnic potential At this time, an tip late let and antico- 
agulant therapies are the only means of preventing thrombus 
formation in cats with myocardial disease. Unfortunately, 
they are often ineffective and, in the case of warfarin, can pro¬ 
duce serious side effects. 143 Experience is similar in human 

medicine M6 


dose has any more benefit than conventional daily doses of 
625 to 1250 mg. In one study in cats, no difference was seen 
in thromboembolus recurrence between cats on low dose 
(5 mg/cat every 72 hours) and high dose (greater than or equal 
to 40 mg/cat every 72 hours). 116 No evidence indicates that 
any dose of aspirin is effective at preventing the formation of 
an intracardiac thrombus in cats with myocardial disease. 
Clinical impression of aspirin’s efficacy vanes between clinicians. 
Cats that have already experienced one STE are the only 
appropriate population in which to study the efficacy of an 
agent meant to prevent STE. Aspirin does not prevent recur¬ 
rence of peripheral thromboembolism in this population. 

Glycoprotein 11b and Ilia, an integrin present on platelet sur¬ 
faces, is a receptor For fibrinogen, fibrenectin, and von 
WilJebrand factor It mediates aggregation, adhesion, and 
spreading of platelets. The binding of prothrombin to glycopro¬ 
tein lib and Ilia also enhances the conversion of prothrombin 
to thrombin. Glycoprotein lib and Ilia antagonists have been 
developed, and one (abeiximab) increased mucosal bleeding 
time and reduced thrombus area when combined with aspirin 
(when compared with aspirin and placebo). 

Anticoagulant therapy Available anticoagulants include 
heparin, the low molecular weight beparins, and warfarin. 
Heparin binds to a lysine site on AT, producing a conforma¬ 
tional change at the arginine-reactive site that converts AT 
from a slow, progressive thrombin inhibitor to a very rapid 
inhibitor of thrombin and factor Xa. AT binds covalently to 
the active serine centers of coagulation enzymes. Factor Xa 
bound to platelets and thrombin bound to fibrin are protected 
from activation by the heparin-antithrombin III complex. 
Heparin may be administered intravenously or subcutaneously 
Repeated intramuscular injection is discouraged because local 
hemorrhage may result. Some owners can administer heparin 
subcutaneously at home but the method is not ideal. The author 
and colleagues have noted rethrombosis with heparin therapy 
in some cats with cardiac disease. The dose of heparin for pre¬ 
venting thrombosis in cats is unknown. 

Low molecular weight heparins include nadroparin calcium, 
cnoxaparin sodium, dalteparin, ardeparin, tinzaparin, reviparin, 


Ms 


Antiplatelet therapy Prostaglandins enhance platelet 
aggregation via activation of cyclic adenosine monophosphate 
(cAMP), Aspirin (acety 1 s alicylic acid) acetylates platelet 
cyclooxygenase, preventing the formation of thromboxane A 2( 
a potent prostaglandin-like platelet aggregating substance.^ 7 
The inhibition of platelet cyclooxygenase is irreversible, and 
bleeding time is restored to normal only after the production 
of new platelets. The inhibition of endothelial cyclooxygenase is 
reversible. The dose of aspirin recommended in cats is 10 mg/3b 
every third day Whether or not this dose allows endothelial 
cyclooxygenase to recover or not in cats is undetermined. At 
this dose, aspirin has a half-life of 45 hours in the cat. In 
humans, doses as low' as 20 to 100 mg/dav inhibit platelet 
cyclooxygenase; however, no evidence suggests that this low 
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and danaparoid sodium. The low molecular weight heparins 
have fewer bleeding complications in experimental animals, 
improved pharmacokinetics over heparin, are administered 
subcutaneously and do not require monitoring in most situa¬ 
tions. 150 Although heparin does not reduce red cell aggregation 
in slow-moving blood, heparin and low molecular weight heparins 
are effective at preventing deep vein thrombosis in humans 
C onsequently, th ey m ay be benefiei a li n preven ti n g in tra cardiac 
thrombus formati on in cats with es rdi omy opathy. N o controll ed 
studies are available. The author empirically uses enoxaparin 
sodium at a dose of 2.2 mg/lb every 12 hours subeu taneously in 
cats that have recovered from an STE or that have a severely 
enlarged left atrium and SEC. 

Warfarin sodium is an oral anticoagulant (see Chapter 199). 147 
Warfarin exerts no anticoagulant effect in vitro. In vivo, 
inhibitory effects on synthesis of dotting factors begin imme¬ 
diately. However, clotting is unaffected until already existing 
clotting factors decline. Therefore a delay occurs between 
initial administration and effect on the prothrombin time (PT), 
Historically, oral warfarin therapy has been monitored with 
the PT This test measures the activity of factors II, VII , and X, 
The factor depressed most quickly and profoundly (usually 
factor VII) determines the PT during the initial days of therapy. 
The PT is performed by measuring the clotting time of 
platelet-poor plasma after the addition of thromboplastin and 
calcium, a combination of tissue factor and phospholipid, 151 
Intra- and interlaboratory variation in the PT was a significant 
problem for laboratories in the past, when crude extracts of 
human placenta or rabbit brain were the only source of 
thromboplastin. The international normalized ratio (]NR), 
developed by the WHO in the early 1980s, is designed to 
eliminate problems in oral anticoagulant therapy caused by 
variability in the sensitivity of different commercial sources 
and different lots of thromboplastin. The JNR is used world¬ 
wide by most laboratories performing oral anticoagulation 
monitoring and is routinely incorporated into dose planning 
for human patients receiving warfarin. When the anticoagu¬ 
lant effect is excessive, it can be counteracted by administering 
vitamin K lP However, once synthesis of factors li, VII, IX, and 


X is reinstituted, time must elapse before factors achieve con¬ 
centrations in the plasma that will adequately reverse the 
bleeding tendency. If serious bleeding occurs during therapy 
with warfarin, it may be stopped immediately by administer¬ 
ing fresh blood or plasma that contains the missing dotting 
factors. Other drugs can modify the anticoagulant actions of 
warfarin by altering the bio avail ability of vitamin K by altering 
the absorption, distribution, or elimination of the coumarins; 
by affecting synthesis or degradation of dotting factors; or by 
altering protein binding of the warfarin. 152 The maintenance 
dose should he evaluated daily during the initial titration 
(3 days), then every other day (twice), and then weekly until 
a safe and stable dose regimen is determined. The therapeutic 
effect should be reevaluated periodically (at least once per 

month). The recommended initial dose is 0.1 to 0.2 mg per 
cat every 24 hours orally to a 6 to 10 Ib/cat. The dose may 
then be increased to maintain an I NR of 2,0 to 3,0, It can take 
up to 1 week for new steady state conditions to be achieved. 

The efficacy of warfarin at preventing recurrent thrombosis 
in cats with cardiac disease has been reported. 1 115 In one 
report, out of 23 cats examined retrospectively, 10 experienced 

a new thromboembolic episode while being administered 
warfarin. Two of these cats bad at least two new episodes. In 
the other report, eight of IS cats on warfarin experienced a 
new thromboembolic episode. This may be some improvement 
over the 75% recurrence rate reported for aspirin alone after 
t-PA therapy, but these results are still disappointing, i:w In the 
first report, four cases also died suddenly (which could have 
been caused by thromboembolism), Three of these cats did 
not have postmortem examinations. The one cat that did have 
a postmortem examination had a thrombus present in its left 
atrium. One cat also died of a renal infarct that produced renal 
failure. Four cats appeared to have bleeding complications. 
In the second report, one cat died of a hemoabdomen and 
one was suspected to have an acute intracranial hemorrhage 
resulting in death. Consequently, it appears that warfarin therapy 
can produce fatal complications. However, it should he noted 
that these studies were performed without using the I NR for 
monitoring. 
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Pericardial Disorders 
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ericardial disorders have previously been reported to 
account for approximately 1 % of cardiac disease in small 
animals. 1 More recent reports estimate that pericardial 
disorders comprise approximately 8% of the canine cardiology 
caseload at referral institutions. Pericardial disorders occur 
slightly less frequently in cats, but the prevalence remains 
fairly high at 6% of the feline cardiology caseload. In contrast 
to dogs, pericardial disorders in cats are usually found as inci¬ 
dental manifestations of underlying disease, rather than as the 
primary cause for the presenting signs. 2 

Pericardial disorders are emerging as increasingly common 
and important in small animal practice. The presenting signs 
associated with pericardial disorders are diverse, and the clin¬ 
ical findings are often subtle. Consequently the prevalence of 


pericardial disorders may previously have been underestimated, 
especially before the widespread use of echocardiography. 
Alternately or coincidentally the increased prevalence may 
reflect a change in the epidemiology of pericardial disorders 
over time, possibly associated with increased popularity of 
breeds that are predisposed to pericardial disorders, such as the 
golden retriever. 


P 


STRUCTURE AND FUNCTION 


The pericardium is the fibroserous envelope of the heart. 
It is divided into an outer fibrous and inner serous part. The 
serous pericardium consists of a parietal and viscera! layer. 3 
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The fibrous pericardium is a thin tough sac that contains the 
heart, serous pericardium, and a small amount of fluid. The 
base of the fibrous pericardium is continued on the great 
arteries and veins that leave and enter the heart and blends 
with the adventitia of these vessels. The apex of the fibrous 
pericardium is continued to the ventral part of the diaphragm 
as the phrenico- or sternopericardieal ligament, 3 

The serous pericardium is a closed sac, approximately half 
of which is invaginated by the heart. The invaginated portion 
forms the viscera) layer of the serous pericardium or the 
epicardium. It is firmly attached to the heart muscle, except 
along the grooves that contain fat and the coronary vessels. The 
epicardium has a smooth mesotbelial surface that is underlaid 
by a stroma containing elastic fibers. The non invaginated part or 
parietal layer ol the serous pericardium forms the inner surface 
of the fibrous pericardium. It is composed of interlacing collagen 
fibers that blend with the tissue of the fibrous pericardium on 
one side and a layer of mesothelium on the other The peri- 
cardial space that occurs between the two layers of the serous 
pericardium contains a small amount of clear light-yellow fluid. 
The normal amount ol pericardial fluid in the dog has been 

reported as 0.3 to TO mL, and 0.25 ±0.15 mL per 

The vagus, recurrent laryngeal, and phrenic nerves pass over 
the outer surface of the pericardium. The pericardium is inner¬ 
vated by fibers from the vagus, recurrent laryngeal nerve, and 
various intrathoracic ganglia and plexi. Blood supply is derived 
from the pericardial branches of the aorta and internal thoracic 
and musculophrenic arteries, 5 Lymphatic drainage of the 
pericardial space occurs via the coronary lymphatic ducts to 
the cardiac and mediastinal lymph nodes and via the left and 
right parasternal lymphatic ducts to the cranial sternal lymph 

node.G 
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Congenital pericardial disorders include pericardioperitoneal 
diaphragmatic hernia (PPDH), benign in trap eri cardial cysts, 
and pericardial defects. Congenital pericardial disorders are 
much less common than those that are acquired. However, 
they represent an important group because they are frequently 
amendable to surgical correction and, consequently, generally 
confer an excellent prognosis. 

Pericardioperitoneal Diaphragmatic Hernia 

A PPDH exists when a defect in the ventral diaphragm and 
pericardium allows abdominal contents to enter the pericar¬ 
dial space. Herniated structures include liver, gall bladder, 
spleen, stomach, small intestine, omentum, and falciform lig¬ 
ament. In the dog and cat the defect is congenital, whereas in 
humans, the diaphragm forms one wall of the pericardial 
and PPDH can be traumatic. The diaphragm does not form 
part of the pericardium in small animals, and traumatic PPDH 
has not been reported in either the dog or cat. 7 s 

Pathophysiology In the developing embryo, the diaphragm 
forms from four structures: [1] the septum transversum, 
(2] the mesesophagus (or caudal mediastinum), (3) a pair of 
pleuroperitoneal folds or membranes, and (4 s tissue from the 
body wall (Figure 205-1), The septum transversum, a thick 
plate of ventrally located mesodermal tissue, partially sepa¬ 
rates the thoracic and abdominal cavities. It fuses with the 
mesesophagus, which is located dorsomediaUy. The aorta, 
esophagus, and the caudal vena cava pass through the 
mesesophagus. The pleural and peritoneal cavities communi¬ 
cate on either side of the mesesophagus via the right and left 
pleuroperitoneal canals. Closure of the pleuroperitoneal 
canals occurs via formation of the pleuroperitoneal folds or 
membranes, which expand and fuse with the septum transver¬ 
sum ventrally and with the mesesophagus medially. Finally, as 
the thoracic cage enlarges during fetal growth, tissue from the 
body wall becomes incorporated circumferentially into the 
diaphragm. 3 ' 11 

Several theories for the formation of PPDH have been 
proposed, including failure of complete fusion of the pleu¬ 
roperitoneal membranes with the septum transversum or 
mesesophagus . 11 However, defects in that location result in 
congenital diaphragmatic hernias or communications between 
the pleural and peritoneal spaces. Congenital diaphragmatic 
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The physiologic significance of the pericardium remains 
speculative. Functions attributed to the pericardium include 
preventing overdi 1 ation of the heart, protecting the heart 
from infection and forming adhesions to surrounding tissue, 
maintaining the heart in a fixed position within the chest, 
regulating the interrelationship between stroke volumes of the 
two ventricles, and preventing tricuspid regurgitation when 
ventricular diastolic pressures are increased. In addition, the 
lubricant effect of pericardial fluid allows the heart to move 
easily within the pericardial sac during systole and diastole. 5 
However, it is clear that the pericardium serves no vital func¬ 
tion because it can be removed surgically when diseased with¬ 
out untoward effect. 


Spinal cord 
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Figure 205-T Diagram of the caudal surface 
of the developing diaphragm. Major structures 
involved in the formation of the diaphragm are 
in italics. Septum transversum forms the ventral 

half of the diaphragm and fuses dorsomediaUy 
wjth th e mesesophagus. Pleu roperito neat folds or 
membranes extend ventrally and medially 
(arrows) to dose pleuroperitoneal canals by fusing 
with septum transversum and mesesophagus. 

A pericardioperitoneal diaphragmatic hernia 
develops as a result of a defect in the ventral 
portion of the septum transversum, (From King 
AS: The Cardiorespiratory' System. Integration 
of Normal and Pathological Structure and 
! unction. Oxford, Blackwell Science, 1999, 
pp 178-217. With permission.) 
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hernias are among the most common congenital malforma¬ 
tions in humans, ^ hut they are rare in small animals^ 10 In 
small animals with PPDH, communication between the peri¬ 
toneal and pericardial space occurs via the ventral portion of 
the diaphragm, and the following pathogenesis has been 
proposed; the liver arises as a large ventral outgrowth from the 
foregut ectoderm, and it grows cranioventrally and penetrates 
the septum transversum, 9 ' 11 Hematopoietic cells, Kupffer 
cell Sf and connective tissue of the liver are all derived from the 
septum transvcrsum. 13 As the liver develops, it distracts from 
the septum transversum, forming the ventral mesentery that 
eventually becomes the fa Id form ligament. If separation between 
the developing liver and septum transversum is defective, an 
opening in the ventral part of the diaphragm may occur or the 
tissue may be so thin that it ruptures, allowing the peritoneal 
and pericardial cavities to communicate. Abdominal organs may 
then pass through the defect directly into the pericardial, 
space resulting in a PPDH. 9 *™ 

Epidemiology Whereas PPDH is the most common congen¬ 
ital pericardial anomaly in small animals, it is an uncommon 
diagnosis. The veterinary medical data base (VMDB) at Purdue 
University from January 1992 to April 2003 included 62 cats 
with ! i’DH among 114,826 new cases, giving a prevalence rate 
of 0.054%, or one case for every 1852 cats in the data base. Fifty 
three percent were diagnosed in cats 4 years of age or less, and 
16% were first diagnosed in cats 10 years of age or older. The 
cases in the VMDB disclosed no apparent sex predisposition 
(35 males:27 females). The majority of affected 
domestic long- or shorthairs (n — 35). The most commonly 
affected purebred cats were Himalayans (n = 11). Persians 
the second most common purebred cats in the data base (n = 7), 
and this breed may be predisposed to PPDH. S A pattern of 
inheritance of PPDH in cats has not been established, but 
congenital agenesis of all or part of the diaphragm in cats is 
reported to have an autosomal recessive mode of inheritance. N 

PPDH is less prevalent among dogs than cats. The VMDB 
from January 1992 to April 2003 included 76 dogs with a 
PPDH among 399,195 new cases, giving a prevalence rate of 
0.019%, or one case for every 5263 dogs in the data base. The 
diagnosis was most common in younger dogs, with 65% of cases 
diagnosed in dogs 4 years of age or younger. As in cats, no sex 
predisposition was apparent (40 males:33 females [the sex of 
three dogs was not reported]). Most cases were in mixed 
breed dogs (n = 12). Among purebred dogs, weimaraners were 
most commonly affected (n = 7), and this breed appears to be 
predisposed. 12 

Presenting and Clinical Signs Presenting and clinical signs 
vary depending on the herniated organ, organs, or tissue. Some 
affected animals show no clinical signs, and PPDH is an inci¬ 
dental finding, in symptomatic animals, signs referable to the 
respiratory and gastrointestinal (GI) systems predominate. 
Tachypnea, respiratory distress, vomiting, and anorexia are 
common. s l!l Other presenting complaints include lethargy, 
weight loss, diarrhea, and coughing. On physical examination, 
the apex beat may be absent or displaced, and heart sounds 
are frequently muffled. Some cases have a fever Additional 
associated abnormalities in dogs are commonly reported and 
include sternal malformations (incomplete xiphoid; pectus 
excavatum; and absent, deformed, and fused stemebrae), 
ventral abdominal hernias, and other congenital heart defects 
(pulmonic stenosis, ventricular septal defect}. 1 -^ Associated 
abnormalities in cats are less common and are usually limited 
to sternal malformations and ventral abdominal hernias . 1IA1 
A PPDH should be suspected in any animal with a large 
umbilical or cranial abdominal hernia, sternal malformation, 
or history of abdominal hernia repair 1 * 19 


* - 


Figure 205-2 Lateral thoracic radiograph of a dog with a peri¬ 
cardioperitoneal diaphragmatic hernia showing an enlarged car¬ 
diac silhouette that contains differential opacities and missing and 
deformed stemebrae. 


Diagnosis Radiographic findings that support a diagnosis 
of PPDH include enlargement of the cardiac silhouette with 
dorsal displacement of trachea, overlapping of the diaphrag¬ 
matic and caudal cardiac silhouette borders, and sternal mal¬ 
formations. Signs of left-sided congestive heart failure (CHF) 
are absent. The cardiac silhouette often contains differential 
opacities and gas-filled bowel loops (Figure 205-2) ♦ A radio- 
graphic feature of PPDH that has been described in cats is the 
presence of a dorsal peritoneopeiicardia] mesothelial remnant. 
Tlie dorsal peritoneopericardial mesothelial remnant represents 
the dorsal border of the hernia, and it is recognized in the lateral 
view as a curvilinear opacity between the cardiac silhouette 
and the diaphragm ventral to or superimposed over the caudal 
vena cava. The hepatic silhouette may be smaller than normal or 

absent in the anterior abdomen (Figure 205-3)J 217 Positive 
and negative contrast peritoneography and GI contrast studies 
are occasionally necessary to confirm the presence of a PPDH. 

Electrocardiograms in cases with PPDH may be normal or 
show low-voltage complexes and abnormal orientation of the 
mean electrical axis.^ Echocardiography readily discloses the 
presence of abdominal viscera within the pericardial sac. 
Pericardial effusion is present in some cases.7® In cats the liver 
is the most commonly herniated organ, and focal hyperechoic 
areas are frequently seen within the herniated liver lobe or 
lobes (Figure 205-4). Myelolipomas, nodules composed of 
mature adipose tissue and bone marrow elements, have been 
reported within herniated liver in cats. These nodules origi¬ 
nate as metaplastic change resulting from chronic hypoxia 
caused by incarceration of liverT 20 * 21 The presence of 
myelolipomas, or nodular myelomatosis, probably accounts 
for the focal areas of hyperechogenicity seen within herniated 
liver lobes. 7 

Treatment Surgical repair is necessary for all cases with 
PPDH that show clinical signs ascribable to the defect. Repair 
Ls also recommended in all young animals with PPDH, whether 
symptomatic or not. Resection of devitalized herniated tissue 
is frequently necessary. The prognosis with surgery is generally 
excellent In older animals, adhesions between herniated organs 
and the pericardium that complicate or preclude reduction of 
the hernia may be present. 15 Consequently, in an asymptomatic 
older animal in which PPDH is detected as an incidental find¬ 
ing, and especially in those cases where the hernia includes 


cases were 


were 


7 

































• Pericardial Disorders 


CHAPTER 205 


B 


Figure 205 -3 Lateral thoracic and abdominal radiographs of a cat with a pericardioperitoneal 
diaphragmatic hernia. A, Markedly enlarged cardiac silhouette that contains differential opacities 
and gas-filled bowel loops. The curvilinear opacity between the diaphragm and cardiac silhouette 
(arrow) is the dorsal margin of the hernia or the dorsal pericardioperitoneal mesothehal remnant. 
B, Most of the abdominal contents, including the liver and small intestines, are displaced into the 
pericardial sac. 


only omentum or falciform fat, it may be prudent to recom¬ 
mend observation rather than surgical repair 

Benign Intrapericardial Cysts 

Large benign intrapericardial cysts occur occasionally in dogs. 
In virtually all cases, histopathology discloses that the cysts 
are encapsulated adipose tissue (with extensive hemorrhage 
and necrosis) or organizing cystic hematomas. True congenital 
pericardial cysts in humans are endothelium-, epithelium-, 
or mesothelium-lined, depending on their origin. These are 
extremely rare in dogs 2223 and have not been described in 
cats. Clinical signs in affected dogs include abdominal disten¬ 
tion, exercise intolerance, anorexia, and labored breathing. 


The intrapericardial cysts are demonstrated by echocardiogra¬ 
phy, and most cases have concomitant pericardial effusion. In 
some cases, benign intrapericardial cysts are associated with a 
small PPDH. !n others the cyst is attached by a pedicle to the 
apex of the pericardium. In such cases the cyst is thought to 
represent prenatal herniation of omentum or falciform fat 
from the peritoneum into the pericardium and subsequent 
closure of a PPDH. Cyst formation probably results from vas¬ 
cular obstruction of the herniated tissue or repeated trauma 

Intrapericardial hepatic cysts have 
been described in cats with PPDH as a result of incarceration 
of portions of the liver. 24 ' 25 Benign intrapericardial cysts are 
treated by surgical removal of the cyst and its associated pedi¬ 
cle, pericardiectomy, and PPDH repair when necessary. 

Pericardial Defects 

Pericardial defects are very rare in dogs and are usually found 
incidentally on postmortem examination. Some of these 
defects are thought to be congenital. In a series of eight cases, 
single defects were present in four dogs, with up to four defects 
in the remaining dogs. The defects ranged in size from a single 
10x5 mm hole to total absence of one side of the pericardium. 
The defects were on the left side in four dogs, on the right side 
in two, and on both sides in two. 2 *' Herniation and incarcera¬ 
tion of cardiac chambers through pericardial defects has been 

reported. 26-20 


from the beating heart. 
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Pericardial Effusion 

The most common pericardial disorders in small animals are 
associated with abnormal accumulations of pericardial fluid or 
pericardial effusions. At the Veterinary Hospital, University of 
Pennsylvania from 1990 to 1993, pericardial effusion was pre¬ 
sent in 7% of dogs with reliable signs of heart disease, 29 At the 

University of Minnesota Veterinary Medical Center (UMVMC) 
from January 1999 to December 2001, pericardial effusion 
was confirmed as the primary cause for clinical signs in 87 of 

20,282 new canine cases that were presented to the small 


Figure 205-4 Echocardiogram (short axis view from the right 

parasternal location) from cat with a pericardioperitoneal 
diaphragmatic hernia. Liver is present within pericardia] sac 
cent to caudal aspect and right side of heart. The focal areas of 
hypercchogenidty within the liver parenchyma are probably due 
to myelolipomas. LV t Left ventricle; RV t right ventricle. 
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animal hospital. This reflects a prevalence rate of 0,43%, or 
one dog with clinically significant pericardial effusion among 
every 233 new hospital cases. Thus pericardial effusion is 
fairly common in the canine patient population at referral 
hospitals. 

Pathophysiology of Pericardial Effusion; Cardiac 
Tamponade Cardiac tamponade is defined as significant 
compression of the heart by accumulating pericardial contents. 
Significant compression depends on whether tamponade is 
approached from a physiologic or clinical standpoint Tamponade 
is a pathophysiologic continuum, not an all-or-none phe¬ 
nomenon. Physiologic abnormalities can be detected with 
very small amounts of pericardial effusion, although affected 
cases may show only mild clinical signs (mild tamponade). At 
the opposite end of the spectrum, acute accumulations of even 
small amounts of effusion can result in life-threatening hemo¬ 
dynamic compromise (florid tamponade), 30 The classic clini¬ 
cal hemodynamic profile of tamponade includes pulsus 
paradoxus, elevation and equilibration of right and left 
tricular diastolic pressure with pericardial pressure, and 
depressed cardiac output. 31 

The major pathophysiologic abnormality associated with 
increased intrapericardial pressure is impaired ventricular filling 
in diastole, resulting inevitably in diminished stroke volume. For 
each cardiac chamber, transmural pressure (intracardiac pres¬ 
sure minus in t rape near dial pressure) is a principle determinant 
of its filling. Mean atrial pressure and ventricular diastolic pres¬ 
sure is normally higher than intrapericardial pressure, resulting 
in positive transmural or filling pressure. In tamponade, rising 
intrapericardial pressure progressively reduces and can eventu¬ 
ally make the transmural pressures of first the right- and then 
the left-sided cardiac chambers phasically negative. In addition 
to the deleterious effects on diastolic function, pericardial effu¬ 
sion results in decreased systolic performance because the com¬ 
pressed and underfilled chambers operate at the lower end of 
their respective Frank-Starling curves, 30 

Figure 205-5 shows the results of an experiment in which 
intraperi cardial volume was increased by infusing 10 mL of 
warm saline per minute in a dog. Cardiac output and stroke 
volume steadily decreased with increasing intrapericardial 
volume and pressure. Mean arterial pressure (MAP) was 
maintained until intrapericardial volume had increased to 

approximately 100 mL, and intrapericardial pressure was 
approximately 10 mm Hg. MAP then dropped sharply as 
intrapericardial volume was further increased. 3 - As illustrated 
by this experiment, acute accumulations of relatively small 
amounts of pericardial effusion can result in profound hemo¬ 
dynamic compromise with a clinical picture that is dominated 
by signs of low cardiac output. 

With more chronic accumulations of pericardial effusion, 
the volume of the pericardial space increases with concomitant 
expansion of the pericardial sac. The precise mechanisms of 
pericardial expansion are uncertain and may include fibroblast 
proliferation with new connective tissue deposition, remodeling 
of the pre-existent connective tissue, or both. 33 In addition, 
a variety of compensatory mechanisms increase preload or filling 
pressure in an effort to restore cardiac output. The compen¬ 
satory mechanisms are similar to the various neurohor- 
monal changes that accompany other forms of cardiac disease. 
Activation of the renin-angiotensin-aldosterone system leads 
to increased angiotensin 11 P aldosterone, vasopressin, and sym¬ 
pathetic nervous stimulation, which result in fluid retention 
and increased heart rate. However, unlike other forms of cardiac 
disease that result in increased preload, atrial natriuretic peptide 
does not increase. Despite increased venous pressure, atrial dis¬ 
tention, the primary stimulus for secretion of atria! natriuretic 
peptide, does not occur because of external compression of the 
heart. Thus tamponade prevents this mechanism for increased 
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Figure 205-5 Hemodynamic effects of intrapericardial saline 
infusion in a dog. Cardiac output (CO) and stroke volume 
decrease as soon as intrapericardial volume begins to increase. 
Mean arterial pressure (MAP) is maintained until intrapericardial 
volume (Peric. Vol.) h as i ncre ased to 100 m L an d intraperica rdia I 
pressure (IFF) is approximately 10 mm Hg. MAP then drops 
rapidly with any further increases in intrapericardial volume and 
pressure. Echocardiography performed during experiment 
showed that right ventricular diastolic collapse (RVDC) first 
develops when intrapericardial pressure reaches approximately 
10 mm Hg. HR f Heart rate. (From Leimgruber PP et al; The 
hemodynamic derangement associated with right ventricular 
diastolic collapse in cardiac tamponade: an experimental echocar- 
diographic study. Circulation 68:612, 1983, With permission.) 


renal natriuresis, and this, together with the various other 
compensatory mechanisms, contributes to increased blood 
volume and venous pressure, 34 33 Consequently, with chronic 
pericardial effusion, signs of increased systemic venous pressure 
predominate and manifest as right-sided CHF. 

Pulsus paradoxus was first described by Kussmaul in 1873 
as the apparent paradox of a disappearing pulse during inspi¬ 
ration despite persistence of the heartbeat in patients with 
pericardial disease. 3 ^ It is defined as a decrease (>10 mm Hg) 
in systolic arterial blood pressure with inspiration during 
normal breathing (Figure 205-6), 37 Pulsus paradoxus is an 
accentuation of the normal small decline of left ventricular 
stroke volume and systemic arterial blood pressure that occurs 
with inspiration. During inspiration, intrathoracie pressure 
decreases and blood fkms preferentially into the pulmonary 
veins, right atrium, and ventricle, because these are the most 
compliant intrathoracie blood vessels and cardiac chambers. 
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Figure 205-6 Femoral arterial blood pressure 
showing pulsus paradoxus in a dog with peri¬ 
cardial effusion. At end-inspiration farrows), 
systolic blood pressure decreases by more than 
10 mm Hg and pulse pressure narrows. 
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Blood pooling in the pulmonary veins reduces preload to the 
left heart and consequently reduces left ventricular stroke 
volume* In humans, left ventricular stroke volume normally 
decreases by an average of 7% during inspiration, and this Ls 
associated with a 3% drop in systolic arterial blood pressure. 
Right ventricular stroke volume, on the other hand, increases 
during inspiration due to increased right-sided filling With 
a normal pericardium, the phasic variations in right ventricular 
volume have little effect on the left ventricle, and pooling of 
blood in the pulmonary veins is the most important contributor 
to decreased left ventricular stroke volume during inspiration. 30 

Reciprocal and phasic changes with respiration in left and 
right ventricular filling and stroke volume are exaggerated in 
the presence of pericardial effusion. Outward expansion of the 
ventricles is limited, and any increase in the volume of one 
ventricle can only occur at the expense of the other Thus greater 
right ventricular filling during inspiration increases the pressure 
within the pericardial sac. This, in turn, further compresses the 
left ventricle In addition, increased right ventricular filling 
causes the interventricular septum to deviate toward the left 
ventricle, further compromising left ventricular volume.^ This 
interaction between the ventricles is superimposed upon the 
normal decrease in left ventricular stroke volume that occurs 
during inspiration and leads to pulsus paradoxus. The inspiratory 
increase in right ventricular filling is indispensable for pulsus 
paradoxus. When systemic venous return is held constant, 
tamponade does not result in pulsus paradoxus. 3 ^ 

Epulejniology Pericardia! disorders resulting in effusion 
occur primarily in older, large breed dogs* No apparent sex 
predisposition exists. At the UMVMC from January' 1999 to 
December 2001, the average age among 87 dogs with peri* 
cardial effusion was 9.7 years (±2*2 years), average weight was 
31.2 kg (± 12.6 kg), and males and females were nearly equally 
represented (46 m a 1 es: 41 fern a les). Peric ardi al effusi on occurred 
most frequently in golden retrievers, and its prevalence in this 
breed was striking. Of the 87 affected dogs, 23 (26%) 
golden retrievers. The breed was significantly over-represented 
when compared with the genera! hospital population (odds 
ratio, 4.4; 95% confidence interval, 2*7 to 7*0)* Golden retrievers 

were also the most common breed among dogs with pericardia] 
effusion at the Veterinary Hospital, University of Pennsylvania 

from 1990 to 1993* 2M 

Information regarding the epidemiology of pericardial effu¬ 
sions in cats is limited* One study reported 66 cases with peri¬ 
cardial disease among 2852 feline necropsies. Pericardial effusion 
was present in 58 cases, and eight had pericardial pathology 
but no significant effusion* In virtually all cases the pericardial 
disorder formed part of a more generalized disease, most com¬ 
monly CHF and feline infectious peritonitis (F1P), Pericardial 
pathology appears to attend many feline diseases, but symp¬ 
tomatic pericardial effusion in the cat is uncommon, 4 * 3 


Presenting and Clinical Signs The presenting signs among 
dogs with pericardial effusion are remarkably diverse and 
include lethargy, respiratory distress, reduced appetite, episodic 
collapse, vomiting, and abdominal distention. Polydipsia, weak¬ 
ness, and coughing are also occasionally reported. Common 
physical examination findings are muffled heart sounds, weak 
pulses, pale mucous membranes, and abdominal distention with 
a fluid wave. Thorough examination reveals jugular distention 
in most cases. Pulsus paradoxus is usually subtle, but careful 
pulse palpation may disclose variations in pulse quality 
ated with phase of respiration* 

Diagnostic Procedures 
Radiology Thoracic radiographs in cases with pericardial 
effusion are frequently described as showing an enlarged and 
globoid cardiac silhouette, with tracheal elevation and widening 
of the caudal vena cava. The cardiac silhouette and diaphragm 
overlap, and in the dorsoventral or ventrodorsal projection, the 
pericardia] sac may touch the costal margins bilaterally. The 
edge of the distended pericardial sac is often distinct because 
it undergoes little, if any, motion during systole and diastole. 
The lung fields are clear of any infiltrate to indicate the pres¬ 
ence of left-sided CHF (Figure 205-7). 

These radiographic findings, wben present, strongly sup¬ 
port the presence of a pericardial effusion* However, such 
typical" findings are only present in more chronic cases with 
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Figure 205-7 Lateral thoracic radiograph of a dog with 
severe, chronic pericardial effusion. Cardiac silhouette is 
globoid and overlaps diaphragm, and trachea is elevated* A total 
of 1600 mL of pericardial effusion was removed by pericardio¬ 
centesis, Histopathology of the pericardium disclosed pericardial 
mesothelioma. 























































































Figure 205-8 Lateral thoracic radiographs of two dogs with pericardial effusions. In both 
volume of effusion was considerably less than in dog in Figure 205-7, and cardiac silhouettes 
consequently much smaller and less globoid► A, Focal disseminate pulmonary metastases, The final 
diagnosis was metastatic cardiac hemangiosarcoma. B, A radiopaque foreign body due to an intraperi- 

cardial metal pellet. 
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large volume pericardial effusions. In cases with accumulations 
of smaller amounts of pericardial effusion, findings on thoracic 
radiography are much more subtle. In these cases the cardiac 
silhouette is enlarged but it is not necessarily globoid, suggesting 
additional differential diagnoses such as dilated cardiomyopathy. 
Some pleural effusion is frequently present in dogs with peri¬ 
cardial effusion and may obscure the cardiac silhouette. 

Despite the various limitations, thoracic radiography is an 
important component of the diagnostic evaluation of cases with 
suspected pericardial effusion. In addition to facilitating a diag¬ 
nosis of pericardial effusion in many cases, thoracic radiographs 
may demonstrate the presence of other abnormalities, such 
pulmonary metastases [Figure 205-8, A), 
intra peri cardial foreign bodies (Figure 205-8, B), 


a Item a ns was present in only two of 33 (6.4%) and two 
of 10 cases (20 %): 4344 Electrical altemans is a similarly 
insensitive indicator of pericardial effusion in humans, and 
it occasionally occurs with disorders other than pericar¬ 
dial effusion in both humans and dogs, 41 ' 45 - 44 * Electrical alter- 
nans has been reported in cats with pericardial effusion 40 
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Electrocardiography In most dogs with pericardial effusion, 
electrocardiography discloses either a normal sinus rhythm or 
a sinus tachycardia. Ventricular arrhythmias are fairly common, 
and supraventricular arrhythmias occasionally occur Low-voltage 
QRS complexes (<1 mV in all limb leads) are present in approx¬ 
imately half of the cases with pericardial effusion in which 

electrocardiography is performed (Figure 205-9, A). Other 
differential diagnoses that result in low-voltage electrocar¬ 
diographic complexes include pleural effusion, obesity, and 
h y pothyroi dism. 

Electrical altemans, a beat-to-beat variation in the contour and 
amplitude of the QRS and ST-T complexes (Figure 205-9, B), 
is strongly suggestive of a pericardial effusion. 41 Electrical 

altemans results from 2:1 swinging of the heart, or swinging 
once every other heartbeat in large pericardial effusions. 
In humans, clinical data and mathematic modeling show r 
that electrical altemans is a rate-dependant phenomenon 
that occurs 

minute. 42 


■ # § + 


* k m i 


m m 

» # * 


t fa ■» - # 

■ * * * * 

* * * * “ 


4 


+ 


B 4 


■441 


* * m w 


■ 4 ■ 4 


■ * ■ a 


■ p I % 


■ a. 


fl 4 * 


i i p ■ a 


ft ft ■ 


■ * ft -ft 


b a m 


4 


■ 


P 4 


P *- 


P 


■ 


- 




■ 








1^ 


Is 


fi fi 


P 4 4 4 


B . fi ■ 4 


a ■ b 

■ P B 


■ fi 4 B 

fi fi 4 ■ | 

Pm i, p I 


■ ■ 


ii 


P 4 fi P 


4 P 4 -p 
fe ft 4 J 
I * 4 4 


r 


*B P P 4 


4 4 k ft 
9 ■ 4 m 


■ a a 4 


ft ■ 


ft 






ft 4 


ft 


4 fi 4 is 
* I * P 


■ a 




B fl 




B fl 


4 


4 


ft 


B : 


fl rii 4 4 




ft 4 ■ fl 


r 


fl fl i 4 






■ 


t— 


1 


I 




P 


■ 4 4 P 


4 4 B fi 
P # P- m 


u u 


m 4 P 


4 


ft # fl - 


p 4 a 4 
4 4 4 4 
P * * P 

P 4 4 4 14 fl 44 


I M i 

■ ■ a b 

lit* 
* ft ft 4 


4 


B P 
fl P 4 4 




4 


■ 444 


4 IB P 


■ ■ I I 


■ # 


■ 


I 


■ 


4 4 fis p 




fi ft 
4 4 4 4 
4 m p a 


p p 


■ 


4 P P 4 


4 (fi 4 




P I 4 4 I I 


4 P ■■ ■ 


* tf - * 


P P 


4 4 4 4 


■ 4 fl P 




■ I 4- P 


P a 


B 4 




- 






■■ 


4 fi a + 


4 4 4 4 
t fl * ■ 
■PS 


p m * 
P 4 4 4 

■ 4 4 fl 
fi • * * 


P P P 4 


* ■ - ■ 

I P'S I 


■ ■- 

* 4 fi » 
■ P B B 


P ■ P 4 

* M i 


■844* 


# 4 4 ■ k 




■ ■44 
4 Ifi # ■ 


■ ■ 


< 


4 4 4 4 






-4 B h 4 


P 4 4 Ifi 


■ 


fl 


a r ft ■ 

4 fi 4 4 


4 4*. 
p fc a a 


■ P ■ 
■-*441 


Pill 


4 I fl- 9 

- * P 




■ ■■ a a 


9 4 ft 4 


■ 






■ 


P 4 




■ 


I 4 ■ 4 


4 ■ ■■ ■ 


d 4 B 4 


4- 4 fl fi 




- 


— 


t 




HI 




A 




- 


■ 


1 




V 


i 


t 


rimJL 


I*- 




4 


4 ■ fi fi 


fe 4 


n 4- P + P 

= '■ 4 P ■ 

4 fi 4 i 


[ ** * ' 

i i i i 
A * ■ + 


If 


■ B"4P 5'44 e w 


4 m 

Mil 

I 4 ft 4 M m * * 

w 4 ft 4 


4 9 4 


4 4 4 ri 

» 4 fc fl 


B B P P 

4*4 ■ 

4 4 4 

4 # 




I- ■ 


- 


4 4 4 fl 

fl ■ fi ft 11 fl ft ft ■ 
J" * P 


a, i 


I 


v > 


r 


4 ft j- 4 


4 B 


■ 


* 


i 


4 4 


j 


i 

■ 


B 


4 


4 4 P I 


4 ■ 4 4 


h 4 ii * 


ft 


■ 4 4 ifi 




uP 


l 


p I I 


fi- 


4 ifi 


i 


T :• 


I I- 4 


1 


fl a 4 fi 


f- 


4 4 




i, 






* 




iJV. 


Pi 








fl 4 4 fl 


I P ■ fl t L 


- 4 ■ 4 fi- ii 4 4 

■*• + * P 

4 4 fi fi 

fl « t 4 


: 


■ B 


% ■ fl fi 


4 fi 


P 4 1 4 4 fl 4 


P ft M 4 


f - 




■* 


■ 


fl J 


P 


pp 


p 4 a p 


4 4 


n 


P P 
L 4 ft 


■ fl 4 m 


■ 4 ■ 


B 






B 


P 4 B P 




£ a h k 4 


I 


■• p 


4 ifi 4 


P .1 B ft 


■ 




I a ib j 4 


■ P 


■ 


\ 


i 


i- ft 


i 


p 


■ 


i 


a- ■ a- 


4 4 


■■4 a 


4 4 4 


i 


- 


m 


■ 4 9 


4 fi fi 4 


■ P 






■ 


ft 


1 B I 1 I HI II 




B 


9 


- 


i 




B 


fe P fi ▼ 


P 9 


: 


a 


4 B 


4 a I 


k 


< 


p 


4 


■ 4 


i 


4 ■ 


d 


: 


t 


4 


fi' 


n t ft 


* 4 

ii -i fi a 


4 fi 


1 ■ 


■ fi 


B 4 4 

4 ft a 


=• 


■ 4 a 


ft ft 4 a 


* 


B P 

fi fi 
fi I 


4 


i 


J- fii 


■ 


fi 4 4 


ip 




p 


a 


p filfl 


fl a ft 


4 


4 


4 P 


1 -fi 




fl 


i fi 


fl 


P ft ft 4 


v 




— 


. 




I 


4 


fi 


J 


I 


II 


4 


n fi 


B 


P 


■ jp | * ■ 

■ ■ 1! 4 


a 


■ 


¥ 


+ ■* B 


P fi 


fi 


a 


fe 


4 


■ 


B 


4 


fi 


ft- 


B 


P P 


* \ 




4 a 


■ 


a 


m 


a 


' 


* 




• ■ p- » 


+ + i- 


i 


p 


p 


4- P 


ft ft 


- 


- 






mm 


fl fl P 4 


fi .. fi # 

■ fi 4 fl 


"i 1 B . 

■ k 4 ■ 


1 


4 




B 


1 


* I - - 


fi 


B -is 


■ ■ i 


' 4 


■ P 


fi 


fi fi 


■ 


! 


r 




* l 


fl P 


•P P 


P fl 


■ p m 4 | 9 fi 


! 


P P 


fl fl i ft 


■ 4-4 


P I# ■ J 


• 9 ■ , 
fl 4 b fi 


fi ft 4 


4 fl 




* a 


4 


L 


■ P ft 


4 4 


a i 


■ ■ T j * 


B 


B fi 4 


fl ft P 


B 


B ■ fl 




fl 


4 a 


rates of between 90 and 1 44 beats per 










. 


■ 








ft life 




fi- 


fi 


ft fi P ft 


fe ft fl! 


fl 


1 4 -fi 


fl ft ft 


■ 


■ V 


fi 


fl 


» P P i 

■ ft 4 B 

4 fl -p B fl fi ■ fi 

ft a - ! 


ft . 




B - 




ft fi 


'P p 


4 


ft fi 


*4*i 4 


ip 


f 


4 4 


9 


ft ■- 


B 


P I 


4 B 
* * 


r 


■ 


fi fi | 4 


ft 


ft. fi 


l B 




P P 4 P 
fil ft 9 ft 


d 4 fl ft 


m 9 


ft 4 


P 




I 


h 


P ft P 




B 


fi 


4 fe 


a 


b fl a 4 


L * p- ■ 


i 


- 


-f 




original report of electrical altemans in dogs, the 
electrocardiographic feature was present in seven of 11 dogs 
{64%) with pericardial effusion, and it was more prone to 
occur in cases with larger effusions. 4 * However, subsequent 
reports indicate that electrical altemans among dogs with 
pericardial effusion occurs relatively infrequently. In tw'o stud¬ 
ies in dogs with confirmed pericardial effusions, electrical 
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Figure 205-9 Electrocardiograms (lead If) from two dogs with 
pericardial effusions. Calibration square wave is I mV in amplitude, 
A, Low-vokage (<] mV) complexes. B, Beat-tb-beat variations in 
amplitude and contour of QRS and ST-T complexes that charac¬ 
terize electrical altemans. 
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pericardial fluid. The various heart chambers may appear small, 
and the walls may show thickening or pseudohypertrophy due 


Electrocardiographic findings are generally too few, subtle, and 
insensitive to be considered particularly useful as an indicator of 
the presence of pericardial effusion. However, electrocardiog¬ 
raphy is indicated in patients with signs of low cardiac output, 
when arrhythmias are detected on physical examination, and 
when thoracic radiographs demonstrate enlargement of the 
cardiac silhouette. Under these circumstances, an electrocar¬ 
diogram that shows changes consistent with a pericardial effu¬ 
sion will facilitate the diagnosis. 

Pericardial Fluid Analysis The diagnostic value of pericar¬ 
dial fluid analysis is limited. In dogs, the gross appearance of 
pericardial effusions is virtually always sanguineous 

guineous irrespective of cause, and they 

hemorrhagic effusions or sterile inflammatory exudates. Total 
nucleated cell counts, red cell counts, and protein concentrations 
of pericardial fluid overlap extensively between the various 
neoplastic and non-neoplastic causes. 47 The pH of pericardial 
fluid has been reported to distinguish between neoplastic and 
non-neoplastic effusions. 48 However, considerable overlap in 
pH values exists between the various causes of pericardial 
effusion, and pH measurements of pericardial fluid have little 
clinical use, 41 * Hem angiosarcoma and aortic body tumors, the 
most common tumors associated with pericardial effusions in 
dogs, are rarely identified on cytologic evaluation of pericardial 
fluid, presumably because they do not readily exfoliate. Further, 
pericardial diseases that lead to effusion result in dramatic 
mesothelial proliferation, and exfoliated mesothelial cells often 
have characteristics that mimic malignancy. Consequendy, 
pericardial fluid analysis is associated with a high incidence 
of false-negative and false-positive cytologic diagnoses of 

neoplasia. 47 * 50 ' 51 

Despite these limitations, pericardial effusion cytology 
does occasionally provide crucial information, and pericardial 
effusion analysis is especially important for those cases in 
which no intrapericardial masses suggestive of hemangiosar- 

aortic body tumor are detected on echocardiography. 
Some of the less common causes of pericardial effusion, such 
infective pericarditis and lymphosarcoma, are diagnosed 
primarily based on pericardial fluid cytology, Consequendy, 
pericardial fluid analysis is an important component of the 
evaluation in cases with pericardial effusion, but the results 
must be interpreted with appropriate care and understanding 
of the limitations of the test. 

Additional Laboratory Tests Dogs with hemangiosarcoma 
are frequently anemic and may have nucleated red blood cells 
(RBCs), schistocytes, acanthocytes, and thrombocytopenia* 
Mild to moderate elevations in liver enzymes are frequently 
present as a result of hepatic congestion* Analysis of ascitic 
fluid is consistent with a modified transudate. Mild azotemia, 
which is usually prerenal, may be present. Cats with F1P may 

have a neutrophilia, lymphocytopenia, and hyperglobulinemia* 

Coccidioides hnmitis serology should be performed in cases 
with pericardial disease from endemic areas. Some assessment 
of coagulation (e.g., activated coagulation time [ACT]) should 
be performed prior to pericardiocentesis, especially if a coag¬ 
ulopathy is suspected clinically. 

Echocardiography Echocardiography is the most sensitive 
and specific noninvasive method to confirm the presence of 
pericardial effusion, and it has replaced many of the radiographic 
procedures (fluoroscopy, angiography, and pneumopericardiog¬ 
raphy) that were previously used to identify the presence and 

of pericardia] effusions. With two-dimensional echocar¬ 
diography, pericardial effusion appears as an anechoic space 
surrounding the heart. In cases with concurrent pleural effiu- 

the pericardium is well visualized with anechoic fluid on 
either side. The heart may show swinging motions within the 






52 


to compression* 

Pericardial fluid is usually readily distinguishable from pleural 

effusion, although this is not invariably the case. Pericardial 

effusion is contained within a circular region around the heart, 

where it provides contrast for various cardiac chambers, such 

the walls of right atrium and auride and the proximal aorta. 

Pleural effusion is more diffuse and contains the edges of lung 

lobes and mediastinum. 

The changes in transmural pressure and intracardiac flow 
with pericardial effusion are reflected in several useful and 
readily detectable echocardiographic findings. These include 
inversion or collapse of the right atrial and ventricular free walls 
resulting from reversal of transmural pressure, as well as exag¬ 
gerated respiratory variation in blood flaw through the right 

and left heart. 

The right atrial free wall is normally rounded throughout 
the cardiac cycle, reflecting the normal positive right atria] 
transmural pressure. Any inversion of the right atrial free wall 
is therefore indirect evidence of elevated intrapericardial pres¬ 
and transient reversal of transmural pressure* Right atrial 
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inversion occurs in late diastole and continues into ventricular 
systole for a variable period before normalizing* Right ventric¬ 
ular diastolic collapse is characterized by inward motion of the 
right ventricular free wall during diastole. With mild tamponade, 
tliis inward movement produces a localized concavity of the 
right ventricular free wall. With severe cardiac tamponade, right 
ventricular diastolic collapse persists throughout diastole, and 
the right ventricular chamber is almost completely obliterated 

[Figure 205-10), 

Doppler studies of normal hearts demonstrate slightly 
decreased flow velocity across the mitral valve and slightly 
increased flow velocity across the tricuspid valve during inspi¬ 
ration. The changes in aortic and pulmonic flow velocity are 
smaller; however, aortic flow velocity decreases slightly during 
inspiration, and pulmonic flow velocity increases. In humans, 
these respiratory changes in flow velocity become markedly 
accentuated with pericardial effusion, even in the absence of 
clinical signs of cardiac tamponade. 33 These Doppler indicators 
present in dogs with experimentally induced tamponade. 54 
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Figure 205-10 Echocardiogram (long axis four-chamber view 

from the right parasternal location) from dog with pericardial 
effusion (PE) and echocardiographic evidence of tamponade. 
Right atrial inversion is apparent (small arrow J, and right ventricu¬ 
lar collapse (large arrow) results in virtually complete obliteration 
of right ventricular chamber. LA , Left atrium; LV f left ventricle; 
PlE f pleural effusion. 
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However, the clinical use of Doppler studies in the evaluation 
of small animals with pericardial effusion has yet to be deter¬ 
mined, In addition to confirming the presence of a pericardial 
effusion and providing evidence of tamponade, echocardiogra¬ 
phy is the non invasive procedure of choice to detect intra peri¬ 
cardial masses such as hem angiosarcoma and heart base tumors. 
Although histopathology is necessary to confirm and definb 

a tumor, the location and characteristics of 
an i n trap eri c ard i a I or myocardial mass demonstrated during 
echocardiography provides important information about the 
probable tumor type. 35 

Hem angiosarcoma, a highly malignant neoplasm of vascular 
endothelium, is the most commonly diagnosed cardiac tumor in 
dogs. It occurs with an approximately tenfold greater prevalence 
than the second most common cardiac tumor—aortic body 
tumors 3 Primary and metastatic cardiac hemangiosarcoma in 
the cat b as been reported, but it is rare. 


auricle or atrium (Figures 205-11 t A and B), These tumors may 
also protrude into the right atrial chamber, spread to involve 
other areas of the heart base and pericardium, and involve 
the right atrioventricular (AV) junction (Figure 205-11, C), 
Hemangiosarcoma involving the wall of the left ventricle 
has been described Hemangiosarcoma typically contains 
small hypoechoic spaces, giving the tumor a mottled or 
cavitary appearance, and the tumors 
Hemangiosarcoma, when present, i 
while imaging from the right parasternal long and short 
views. However, these tumors may be small and elusive. 
Imaging from the left caudal parasternal location to obtain 
a four-chamber view and from the left cranial parasternal 
location to provide alternate imaging planes, especially of 
the right auricle, is necessary to demonstrate the presence of 
hemangiosarcoma in some cases. 

The term heart base tumor is used to designate any mass 
located at the base of the heart in association with the ascending 
aorta and main pulmonary artery. The most common heart 


tively identify 


are occasionally cystic, 
usually demonstrated 


IS 


axis 


Hemangiosarcoma most 
commonly arises from the wall of the right atrium or auricle 
protrudes into the pericardial space, and moves with the right 
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Figure 205-11 Echocardiograms from dogs with cardiac hemangiosarcoma. A, Short axis view 

from right parasternal location, shows a round, cavitary, transmural tumor (arrow) near tip of right 

auricle (RAu)> B, Long axis left ventricular outflow view from right parasternal location, shows 

tumor fMASSJ that involves wall of the right atrium (RA). C, Four-chamber (inflow) view from 

the left caudal parasternal location, shows cavitary tumor (arrow) that extensively involves right 

atrioventricular junction. Part of the tumor protrudes into the right atrium (RA) and partially 

occludes tricuspid valve AO, Aorta; PE f pericardial effusion; RV t right ventricle; LA, left atrium; 
LV t left ventricle. 
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important information about the size and location of tumors 
and their accessibility for surgical resection, Identification of 
intrapericardia 1 tumors is frequently challenging, and 
transthoracic imaging in multiple planes from both left and 
right-sided locations may be necessary The presence of peri¬ 
cardial fluid greatly facilitates the detection of intrapericardial 
masses, and this is particularly relevant to the diagnosis and 
delineation of hemangiosarcoma and heart base tumors, 
Pericardial fluid forms an eeholucent zone around the right 
atrium and auricle and the ascending aorta, the locations 
at which these tumors most commonly occur. In the absence 
of pericardial fluid, these locations are obscured by lung inter¬ 
ference, Consequently, whenever the clinical condition of 
the patient permits, pericardiocentesis should be deferred 
until a thorough echocardiographic examination has been 
completed. 

Acquired Pericardial Effusions: Specific Causes, 
Epidemiology, Treatment, and Prognosis 

Idiopathic Pericardial Effusion Idiopathic pericardial 
effusion is a diagnosis of exclusion, it is made in cases with 
pericardial effusion where no mtrapericardial masses are iden¬ 
tified after thorough ecbocardiographic evaluation and the 
results of ancillary tests, such as pericardial fluid analysis, fail 
to disclose a cause. Pericardial histopathology and immuno- 
histochemistry from dogs with idiopathic pericardial effusion 
demonstrate extensive pericardial fibrosis and a mixed inflam¬ 
matory response of greatest intensity at the cardiac surface of 
the tissue. Perivascular l y m p h o p] asm a cy tic aggregates are pre¬ 
sent at the pleural surface within the fibrosed pericardium. 
No vascular pathology or deposition of immunoglobulin or 
complement within the vessel wall exists, suggesting that the 
pericarditis is not due to a vasculitis, Immunohistochemistry 
findings are consistent with a predominantly humoral immune 
response, but they do not support a primary immune- 
mediated pathogenesis. The factor or factors that initiate idio¬ 
pathic pericarditis remain unknown/ 1 

As with any diagnoses of exclusion, a diagnosis of idiopathic 
pericardial effusion should be made with appropriate caution. 
Small intrapericardial tumors may elude detection, especially in 


base tumors in dogs are aortic body tumors, which arise from 
specialized neuroepithelial cells that reside within the adven¬ 
titia of the aortic arch. The specialized neuroepithelial cells or 
chemoreceptors serve to detect minute changes in blood 
oxygen and carbon dioxide tensions, pH, and temperature. 
Tumors of chemoreceptors are termed chemodectomas. They 
comprise a subgroup of tumors referred to as paragangliomas , 
all of which arise from cells that share a common embryologic 
origin from the neural crest, Chemoreceptors occur in a variety 
of locations in the body including the aortic body carotid body 
nodose ganglion of the vagus nerve, ciliary ganglion in the orbit, 
pancreas, internal jugular vein below the middle ear, and glomus 
jugulare along the recurrent branch of the glossopharyngeal 
nerve. 60 ' 61 Owing to the location of the aortic chemoreceptors, 
only aortic body chemodeetomas are associated with pericar¬ 
dial effusion/ 11 In addition to aortic body tumors, between 5% 
and 10% of heart base tumors in dogs are thyroid tumors [both 
adenomas and adenocarcinomas) that arise from ectopic thy¬ 
roid tissue at the base of the heart. 62 ' 66 Aortic body tumors 
have occasionally been reported in cats. 

Heart base tumors are usually associated with the ascend¬ 
ing aorta. They vary from small ovoid structures attached to 
the cranial aspect of the ascending aorta to very extensive 
masses that surround the aorta and main pulmonary artery 
(Figure 205-12)* Tumor indentation or invasion of the atria 
may be seen. Heart base tumors tend to have a more homoge¬ 
nous appearance than the mottled or cavitary appearance of 
hemangiosarcoma. They are usually [hut not invariably) asso¬ 
ciated with pericardial effusions. 

Echocardiography may also demonstrate other cardiac 
tumors, the presence of abdominal viscera within the pericar¬ 
dial sac in cases with PPDH, benign intrapericardial cysts, and 
intrapericardial thrombi associated with left atrial rupture. 
Left atrial rupture is suspected when signs of acute tampon¬ 
ade develop in smaller breed dogs with significant mitral 
regurgitation. 

Confirming the presence of pericardial effusion with 
echocardiography is rapid, straightforward, and accurate. 
However, echocardiography is also crucial for determining the 
presence or absence of intrapericardial masses, and it provides 
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Figure 205-12 Echocardiogram from dog with a heart base tumor. A, Long axis left ventricular 

outflow view obtained from the right parasternal location, shows a large tumor (arrow) attached 
to cranial aspect of ascending aorta (AO). B, Short axis view obtained from right parasternal loca¬ 
tion, shows that tumor (arrow) virtually completely encircles the aorta. Histopathologic diagnosis 
was ectopic thyroid adenocarcinoma. LV f Left ventricle. 
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cases where echocardiography is performed after pericardiocen¬ 
tesis, tn addition, mesothelioma is a diffuse neoplasm of the 
pericardium and other serosal surfaces, and it does not result in 
appreciable thickening of the pericardium on echocardiography 
Cytology of pericardial effusion cannot distinguish between idio¬ 
pathic pericardial effusion and mesothelioma, 51 Consequently 
mesothelioma should always be considered as an important 
differential diagnosis for idiopathic pericardial effusion. 
Idiopathic pericardial effusion has not been reported in cats. 

Idiopathic pericardial effusion was diagnosed in eight of 
42 dogs [19%) with pericardial effusion in a retrospective 
study from the Veterinary Teaching Hospital, Colorado State 
University/ 5 Idiopathic pericardial effusion was provisionally 
diagnosed in 24 of 87 dogs with pericardial effusion at the 
UMVMC from January 1999 to December 2001, but mesothe¬ 
lioma was eventually confirmed in four of these 

Consequently 20 of 87 cases (23%) with pericardial effusion 
in the UMVMC study population were finally diagnosed 
as having idiopathic pericardial effusion, which is similar 
to the data from Colorado State University. Average age 
among the cases with idiopathic pericardia! effusion in the 
UMVMC study population was 9,4 years (±2.2 years), 
average weight was 28,9 kg (±14.5 kg), and there 
apparent sex predisposition (11 males;9 females). Five of 
the 20 dogs (25%) were golden retrievers, and the breed 
was over-represented (odds ratio, 4.2; 95% confidence interval, 

1.6 to 11.2). 

The initial treatment for idiopathic pericardial effusion is 
pericardiocentesis to remove as much pericardial fluid as pos¬ 
sible, The authors preferred approach is to restrain the animal 
in left lateral recumbency and to approach the pericardium 
from the right side (See Chapter 103), 

The gross appearance of pericardial fluid is usually indis¬ 
tinguishable from blood. To confirm that the catheter is in the 
pericardial space, an aliquot of fluid is placed in an ACT tube. 
Blood will normally clot in an ACT tube within 60 to 90 seconds. 
In contrast, sanguineous effusions in body cavities are rapidly 
depleted of dotting factors and thrombocytes, and pericardial 
fluid will consequently not dot. If no clots form within the 
activated dotting tube after 3 to 5 minutes, all of pericardial 

fluid is aspirated and samples are collected for fluid analysis 
and culture. The catheter is then removed. 

In virtually all cases with pericardial effusion, pericardiocen¬ 
tesis results in rapid and marked hemodynamic improvement. 
Clinical signs, pulse quality, and mucous membrane perfusion 
improve, and heart rate decreases. However, ventricular and 
praventricular arrhythmias (including atrial fibrillation) 
common after pericardiocentesis. These arrhythmias seldom 
require therapy and usually resolve spontaneously. The author 
prefers to hospitalize and monitor cases for 12 to 24 hours after 

peri c ardi ocentesis. 

The author usually treats an initial episode of idiopathic 
pericardial effusion by pericardiocentesis alone, followed by 
pericardiectomy in cases that develop recurrent effusions. 
Recurrent effusions, effusive-constrictive, and constrictive peri¬ 
carditis are well-recognized complications after pericardio¬ 
centesis in cases with idiopathic pericardial effusion, 72 - 75 Among 
the 20 cases diagnosed with idiopathic pericardial effusion in 
the UMVMC study population, six died or were euthanized 
after developing recurrent effusions with tamponade within 
44 days of their initial episode. Cardiac tamponade with pul¬ 
monary thromboembolism was the cause of death in one dog. 
Postmortem examinations were not performed in the remaining 
five cases, and the possibility that some dogs might have had 
cardiac tumors that eluded detection during echocardiography 
cannot be excluded. Among the remaining 14 dogs, four 
developed recurrent effusions necessitating pericardiectomy, 
and a further six developed effusive-constrictive pericarditis 


between 3 months and 3 years after their initial episode. Median 
survival time (MST) among the 20 cases was 663 days, indi¬ 
cating a generally good prognosis in cases with idiopathic 
pericardial effusion. However, the complication rate among 

these cases was high, and this is consistent with the results of 
others. 73 7* 

The complication rate among cases with idiopathic peri¬ 
cardial effusion would probably be lower if pericardiectomy 
was performed at the time of the initial episode rather than 
after recurrent effusion. Pericardiectomy would avoid the risk of 
recurrent life-threatening cardiac tamponade and the poten¬ 
tial for developing effusive-constrictive and constrictive peri¬ 
carditis. In addition, surgery permits examination of thoracic 
and intrapericardial structures to rule out other causes of 
pericardia! effusion, including tumors and foreign bodies. 
Although pericardiectomy is by no means devoid of morbid¬ 
ity and mortality, it is an extremely successful procedure for 
idiopathic pericardial effusion. 76 - 79 Consequently, it is likely 
that pericardiectomy will increasingly form part of the initial 
treatment for cases with idiopathic pericardial effusion, espe¬ 
cially as minimally invasive methods for the procedure become 
more widespread, 8081 

Colchicine, nonsteroidal anti-infiammatories, and 
steroids are prescribed for humans with recurrent idiopathic 
pericarditis. Colchicine and nonsteroidal anti-inflammatories 
are recommended in most cases, and the use of corticosteroids 
is limited to very severe cases. Colchicine for the treatment of 
recurrent pericarditis in humans is promising, although data from 
large controlled prospective studies are lacking. 8 ^ 83 Hie safety and 
efficacy of colchicine, nonsteroidal anti-inflammatories, cortico¬ 
steroids, and any other medical therapies in the management 

of idiopathic pericardial effusion in small animals have yet to 
be established. 
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Mesothelioma Mesothelioma is emerging as an increa¬ 
singly important cause of pericardial effusion. Mesothelioma 
was confirmed in four of 87 dogs (5%) in the UMVMC study 
population of dogs with pericardial effusion. Average age 
among the affected cases at time of presentation was 9.5 years 
(±2,2 years), average weight was 37.5 kg (± 11.1 kg), and males 
and females were equally represented. No breed predisposi¬ 
tion has been reported, and affected breeds in the UMVMC 
population were Akita, golden retriever, Labrador retriever, and 
springer spaniel Mesothelioma causing pericardial effusion 
has been described in a cat, 8 * but pericardial mesothelioma is 


rare in this species. 


su 


The clinical course of pericardial effusion due to mesothe¬ 
lioma in the UMVMC study population followed a characteris¬ 
tic pattern. Presenting and clinical signs were no different from 
other cause of pericardial effusion. In all four 1 
a provisional diagnosis of idiopathic pericardial effusion 
made after various diagnostic procedures, including echocardiog¬ 
raphy and pericardial fluid analysis failed to disclose a cause for 
the pericardial effusion. Pericardiocentesis was performed, and 
this was repeated at 77 days (± 46 days) when the dogs devel¬ 
oped recurrent effusions with tamponade. Pericardiectomies 
were then performed in all cases; histopathology of the excised 
pericardia was consistent with idiopathic pericarditis in three 
cases, and mesothelioma in one. Severe and unremitting pleural 
effusions requiring repeated thoracocentesis began at 103 days 
(±44 days) after pericardiectomy. Intracavitary cisplatin 
administered in two dogs, but this did not appear to signifi¬ 
cantly change the course of the disease. Thoracocentesis 
necessary every 2 to 3 weeks until death or euthanasia, and MST 
from the initial episode of pericardia] effusion was 312 days 

(range, 206 to 352), In all cases, mesothelioma that had spread 

throughout the thoracic cavity was confirmed on postmortem 
examination. 
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More aggressive approaches to the treatment of cardiac 
hem angiosarcoma include various combinations of pericardiec¬ 
tomy, tumor resection, splenectomy in cases with splenic 
metastases, and chemotherapy 91 - 96 * 1 * Survival data for cases 
managed in this manner are limited. In a case report of right 
atrial hem angiosarcoma treated with chemotherapy alone, 
survival time was 20 weeks, 98 In dogs treated by surgery alone 
(tumor resection and pericardiectomy or creation of a peri¬ 
cardial window, or pericardiectomy alone), reported survival 
times range from 2 days to 8 months. 91991 * No survival data 
are available that compare surgery alone, with surgery and 
chemotherapy for dogs with cardiac hem angiosarcoma. Further, 
no compelling evidence suggests that survival times in dogs with 
either splenic or cardiac hemangiosarcoma can be significantly 
prolonged with adjuvant chemotherapy. Nevertheless, the 
management of cardiac hemangiosarcoma should always 
involve consultation with an oncologist to take advantage of 
continually emerging modalities for the treatment of this 
h i ghly m al ign ant tumo r. 101 

Heart Base Tumors The majority of heart base tumors in 
dogs are aortic body tumors, English bulldogs, boxers, and 
Boston terriers are predisposed, although aortic body tumors 
also occur in nonbrachycephalic breeds. In various studies, 
brachycephalic breeds have accounted for between 39% and 
85% of dogs with aortic body turnors. 70102103 Chronic hypoxia 
induces hyperplasia and neoplasia of chemoreceptors, which 
may explain the predisposition of brachycephalic breeds to 
aortic body tumors. 102 Among the predisposed breeds, males 
may be at increased risk for developing aortic body tumors, 
hut differences in sex predisposition are not statistically sig¬ 
nificant in all studies, 70 - 102 - 103 The age range at time of diagno¬ 
sis of aortic body tumors is 6 to 15 years with an average of 
10 years, 61 ' 70 Between 5% and 10% of tumors at the heart base 
are ectopic thyroid tumors. 62 Aortic body tumors are reported 
in cats, but they are rare in this species, 67 - 70 

Most aortic body tumors are benign and locally expansive, 
although local invasiveness and metastases occur in both dogs 
and cats, 61041 Two studies report metastases mostly to 
the lungs and liver in approximately 10% to 12% of dogs with 
aortic body tumors. 102 - 103 In a third study, 58% (14 of 24) of 
aortic body tumors were benign, 25% (6 of 24) were locally 
invasive, and 21 % (5 of 24) were metastatic. Sites of metastases 
included the lungs, left atrium, pericardium, and kidneys, 70 The 
biologic behavior of ectopic thyroid tumors at the heart base is 
less well described, and both ectopic thyroid adenomas and 
adenocarcinomas with metastases have been reported. 63 - 66 
Heart base tumors were diagnosed either by echocardiog¬ 
raphy or echocardiography and histopathoiogy in six dogs among 
the 87 cases (7%) with pericardial effusion in the UMVMC 
study population. Affected breeds were Great Dane, Labrador 
retriever, German shorthaired pointer, boxer, English springer 
spaniel, and Old English sheepdog. Average age was 1 hi years 
(±2.2 years), and average weight was 31.4 kg (± 13,0 kg). One 
dog was male and five were female. The number of dogs with 
heart base tumors in the UMVMC study population is small, 
but the epidemiologic data are reasonably in accord with those 
of others, with the exception of sex distribution. The prevalence 
of heart base tumors is consistent with a recent review of the 
epidemiology of cardiac tumors in dogs. In that study, aortic 
body tumors were approximately tenfold less common than 
cardiac hemangiosarcoma. 

Complete surgical resection of heart base tumors is seldom 
possible because the tumors are highly vascular, located close 
to major blood vessels, and usually extensive by the time of 
diagnosis. However, palliation with pericardiectomy either 
alone or in combination with tumor resection often results 
in prolonged survival with an excellent quality of life. 


The signalment and clinical course among cases with peri¬ 
cardial effusion due to mesothelioma in the UMVMC study 
population are strikingly similar to those described by 
others. 77 85 * 87 It is extremely difficult to distinguish between 
idiopathic pericardial effusion and pericardial effusion due to 
mesothelioma, even with pericardial histopathoiogy and 
immunohistochemistry. 0798 The clinical course of the disease 
is suggestive, and accumulation of significant amounts of pleural 
effusion within 120 days of pericardiectomy increases the 
index of suspicion for mesothelioma, 87 In addition to being a 
diagnostic challenge, mesothelioma is difficult to treat. 
However, long-term survival has been reported in a dog in 
which a histopathologic diagnosis of pericardial mesothelioma 
was made after pericardiectomy for recurrent pericardial 
effusion. Treatment in that case was initiated 48 hours after 
surgery with intracavitary cisplatin and intravenous doxoru¬ 
bicin, and the dog was free of disease 27 months later, 89 
Intracavitary cisplatin has successfully resolved pleural effu¬ 
sions in some dogs with pleural mesothelioma. 90 
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in a retrospective study from 


Cardiac Hemangiosarcoma 
the Veterinary Teaching Hospital, Colorado State University, 
cardiac hemangiosarcoma was diagnosed in 14 of 42 dogs 
(33%) with pericardial effusion. 43 At the UMVMC, cardiac 

hemangiosarcoma was diagnosed either by echocardiography 
or echocardiography and histopathoiogy in 53 of 87 dogs 
(61%) in the study population with pericardial effusion. 
Cardiac hemangiosarcoma with pericardial effusion was 
nearly three times more prevalent than the second most 
common form of pericardial effusion, idiopathic pericardial 
effusion. Average age among the affected dogs was 9,8 years 
(±2.1 years), and their average weight was 32,0 kg (± 1 2 2 kg). 
Males slightly outnumbered females (31 males: 22 females), but 
the difference was not statistically significant when compared 
with the general hospital population. Sixteen of the 57 dogs 
(28%) were golden retrievers and the breed was over-repre¬ 
sented (odds ratio, 5.3; 95% confidence interval, 2,9 to 9.4). 

Two features of these data suggest that important changes 
have occurred in the epidemiology of cardiac hemangiosar¬ 
coma, First, the prevalence of cardiac hemangiosarcoma in the 
UMVMC study population was nearly twice that of the 
Colorado State University study population. The reasons for 
this are not clear; however, regional differences in the epidemi¬ 
ology of cardiac hemangiosarcoma may exist, or the preva¬ 
lence^ f the disease may have increased over time. Second, the 
golden retriever was the only over-represented breed among 
the cases with cardiac hemangiosarcoma in the UMVMC study 
population. Cardiac hemangiosarcoma has previously been 
recognized most frequently in German shepherds. 43 9192 More 
recently, cardiac hemangiosarcoma has also been seen com¬ 
monly in golden retrievers at the Veterinary Hospital, University 
of Pennsylvania. 93 

Treatment for all forms of hemangiosarcoma is challenging, 
and a diagnosis of cardiac hemangiosarcoma confers a grave 
prognosis. By the time of diagnosis, cardiac hemangiosarcoma 
usually has metastasized and should be considered a systemic 

disease. 77 At the UMVMC, the majority of owners of dogs with 

cardiac hemangiosarcoma elect to have their dogs treated by peri¬ 
cardiocentesis alone on one or more occasions Pericardiocentesis 


is predictably associated with marked clinical improvement, 
but clinical signs of tamponade typically recur within a few 
days, often resulting in death or prompting euthanasia. In the 
UMVMC study population, MST among dogs with cardiac 
hemangiosarcoma treated by pericardiocentesis alone (n = 30) 
was just \ 1 days (range, 0 to 208). Percutaneous balloon peri¬ 
cardiotomy has been described in the dog, 94 - 95 and the proce¬ 
dure may provide longer periods of palliation in cases with 
cardiac hemangiosarcoma. 
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No evidence indicates that adjuvant chemotherapy improves 
the prognosis for dogs with heart base tumors. In 
retrospective study in dogs with aortic body tumors in which 
surgery’ was performed, the following factors were evaluated 
for effect on survival time: sex; breed; presence or absence of 
respiratory distress; the presence of an arrhythmia other than 
respiratory sinus arrhythmia; the presence of pleural, pericar- 
dial, or peritoneal effusion; evidence of pulmonary metastases; 
treatment with pericardiectomy; and treatment with 
chemotherapy. No attempt was made to achieve tumorfree 
margins in the dogs in that study. Among the various factors 
evaluated, only treatment with pericardiectomy had a signifi¬ 
cant effect on survival, and the survival advantage was remark¬ 
able. MST among dogs after pericardiectomy was 730 days, 

whereas those that did not have a pericardiectomy had a MST 
of only 42 days. 106 


cardiac lymphosarcoma is unique because cytology of the 
pericardial fluid establishes the diagnosis in many cases, and 
the tumor is amenable to combination chemotherapy. 1,7 

Pericardial effusions secondary to coagulation disorders 
rarely result in clinically significant tamponade. However, a 

of pericardial effusion and cardiac tamponade secondary 
to anticoagulant rodenticide toxicity has been reported in a 
dog. ,2<) Pericardial effusions secondary to disseminated intravas¬ 
cular coagulation, warfarin toxicity, and other coagulopathies 
have been reported in cats. 40 

Pericardial effusion is frequently detected in cases with 

CHF in small animals, but usually not in sufficient quantity to 

cause significant hemodynamic compromise. Pericardial effusion 

secondary' to uremia has been recognized in both dogs and 
cats. 40 - 43 


a recent 


Constrictive and Effusive-Constrictive Pericarditis 

In cases with constrictive and effusive-constrictive peri card i tis, 
cardiac filling is compromised by a non distensible, thickened, 
fibrotic pericardium. In human medicine, these diseases 
defined as follows: constrictive pericarditis consists of fibrotic 
fusion of visceral and parietal pericardial layers. Effusive - 
constrictive pericarditis is an unusual variant of constrictive 
pericarditis. It describes a condition in which constriction of 
the heart by the visceral pericardium or epicardium exists, and 
a tense effusion also occurs within the pericardial space. In 
with effusive-constrictive pericarditis, elevated right atrial pres- 

persists after pericardiocentesis because of the unyielding 

epicardium. 121 - 122 

Several reports exist of tamponade in dogs resulting from 

relatively small amounts of effusion contained within a fibrotic 

and non distensible fibrous and parietal pericardium. The 

visceral pericardium or epicardium is usually spared or only 

mildly affected in these cases. Many cases are idiopathic, 

or develop months or years after an episode of idiopathic 
pericardial effusion. Other 


Other Causes of Acquired Pericardial Effusio 
Bacterial, fungal, and viral infections are occasionally associ¬ 
ated with pericardial effusions in small animals. Most cases of 
pericardial effusions due to bacterial infections are thought to 
arise as a consequence of intrapericardial foreign body pene¬ 
tration, usually by migrating foxtails (Hordeum spp.). Foxtail 
migration is a common and often serious problem in the west¬ 
ern United States, 108109 Bacterial pericarditis has also been 
described in a puppy after a dog bite and in a young adult dog 
after thoracic trauma. 310 111 In contrast to most other causes of 
pericardial effusion, pericardial fluid cytology and culture is 
crucial in the diagnosis of septic cases. In the largest series of 
infectious pericardial effusion reported in dogs (five cases), 
treatment involved pericardiectomy and removal of any 
foreign bodies, chest drainage, and antibiotic therapy for up to 
6 months. All dogs recovered without complications, suggest¬ 
ing that dogs with bacterial pericarditis have a good prognosis 

when treated aggressively with a combination of surgical 
and medical therapy, 108 

Systemic coccidioidomycosis in dogs has been associated 
with pericardial disease. In most cases the fungal infection 
results in effusive-constrictive or constrictive pericarditis. 
Coccidioidomycosis should be considered, especially in dogs 
with pericardial disease that reside in or have a travel history 
that includes areas where the soil fungus Coccidioides immitis 
is endemic, such as the Southwestern United States. 75 - 112 
Treatment involves pericardiectomy chest drainage, and 
antifungal therapy (usually beginning with Amphotericin B). 
Based on limited published information and experience, 
the prognosis for cases of coccidioidomycosis with pericar¬ 
dial involvement is poor 112 A case of effusive-constrictive 

pericarditis due to Aspergillus niger has been reported i 

dog. 113 
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include metallic foreign 
bodies, Coccidioides iffuniris, Aspergillus niger, actinomycosis, 
and osseous metaplasia of the pericardium,^, najD.j 24 Some 
authors define effusive-constrictive pericarditis more liberally 
to include this combination of relatively little pericardial effu¬ 
sion with constriction due primarily to an unyielding parietal 
and fibrous pericardium. 37 

Dogs with effusive-constrictive pericarditis typically 
sent with signs of right-sided CHF. Common complaints 
abdominal distention and muscle wasting. Findings on physi¬ 
cal examination include abdominal distention with a fluid 
wave, jugular distention, and muffled heart sounds. These 
presenting and clinical signs are essentially identical to dogs 
with chronic tamponade due to pericardial effusion. The 
similarities extend to electrocardiography where normal sinus 
rhythm or sinus tachycardia and low-voltage QRS complexes 
are commonly found. The appearance of the cardiac silhouette 
thoracic radiography ranges from normal to moderately 
enlarged and rounded, and the caudal 
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FTP is one of the more common diseases associated with 
pericardial effusion in the cat. 40 Pericardial effusions that 
occasionally voluminous are present in some cats suffering 
from this systemic and invariably fatal viral disease. 

Left atrial rupture is an uncommon cause of pericardial 
effusion that occurs in smaller breed dogs with chronic degen¬ 
erative disease of the mitral valve. Affected cases show clini¬ 
cal signs of acute tamponade, and a loud left apical murmur 
is usually apparent despite muffling of the heart sounds. 
Echocardiography discloses intrapericardial fluid, a mass caudal 
to the left ventricle due to thrombus formation, and substantial 
mitral regurgitation. Pencardiocentesis is immediately necessary 
in m ost cases. Fu rth er, the possib i 1 ity of conti n ued hem orrh age 
exists, necessitating blood transfusion and emergency thoraco¬ 
tomy to remove larger clots from the pericardial space and to 
repair the left atrium. The prognosis in such cases is grave. 134 - 115 
Cardiac lymphosarcoma and rhabdomyosarcoma with 
pericardial effusion have been reported in both dogs and cats, 
hut these are rare 40 ' 116 - 118 Among the various cardiac tumors! 


are 
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vena cava may appear 
wide. The presence of pleural effusion in some cases may 
complicate evaluation of the size and shape of the cardiac 
silhouette. Radiopaque intrapericardial foreign bodies may be 
detected. Echocardiography discloses pericardial effusion that 
separates the myocardium and fibrous pericardium by just a 
few millimeters (Figure 205-13, A), Echocardiographic signs 
of tamponade (late diastolic to systolic inversion of the right 
atrium and diastolic collapse of the right ventricle) are usually 
present (Figure 205-13, B ), Pericardial thickness cannot be 
accurately assessed except in extreme cases, 

A diagnosis of effus i ve-c ons tricti ve pericarditis can usually 
be established with confidence based on the previously men¬ 
tioned constellation of findings. Treatment involves pericardiec¬ 
tomy, and clinicians at the UMVMC have found that the 
prognosis after pericardiectomy is excellent for idiopathic 



Figure 205-13 Echocardiogram from a dog with effusive-constrictive pericarditis. Dog had signs 
of right-sided congestive heart failure 25 months after pericardiocentesis had been performed for 
idiopathic pericardial effusion. A, Long axis four-chamber view from right parasternal location, 
shows small amount of pericardial effusion fPEJ that separates fibrous pericardium from 
myocardium by just a few millimeters (reader should compare with centimeter scale on right side 
of echocardiogram). B, Late diastolic to systolic inversion of right atrium (arrow), confirming the 
presence of tamponade, PlE f Pleural effusion; RA t right atrium; RV f right ventricle; LA, left atrium; 
LV, left ventricle. 


Epicardial stripping is necessary in such cases, and the prote* 
dure is associated with high perioperative morbidity and 
m ortali ty. 

Constrictive pericarditis is both rare and difficult to diagnose 
in small animals. In this disease, a stiff fibrotic pericardium 
encases the heart. Presenting and clinical signs, thoracic radio¬ 
graphs, and electrocardiography are similar to other causes 
of chronic tamponade and effusive-con strictive pericarditis. 


Slight epicardial fibrosis and roughness that does not require 
any surgical intervention is present in most cases. Adhesions 
between the visceral and parietal pericardium are extremely 
uncommon. Severe involvement of the epicardium and adhe- 

between the parietal and visceral pericardium confer a 
much poorer prognosis. Cases with fungal pericarditis caused by 
Coccid i oides immitis appear particularly prone to develop exten¬ 
sive involvement of both the visceral and parietal pericardium. 




30 


9 25 


E 20 


E 


15 


c? 


10 


3 


£ 


5 


CL 


0 


After 500 ml SALINE IV 


Control 


B 


A 


Figure 205-14 Hemodynamic abnormalities associated with constrictive pericarditis. 
A, Elevation and equilibration of end-diastolic pressure (EDP) in pulmonary artery (PA) t right 
ventricle and right atrium (RA)„ Right atrial pressure waveform has a M-shaped pattern due 
to reduced X descent and a prominent Y descent. B, Simultaneous recordings of left ventricular 
(open arrow) and right ventricular (solid arrow) pressures before and after saline infusion. Under 
control conditions, pressure waveforms show slight elevations in end-diastolic pressures. However, 
true circumstances of the case become apparent with rapid intravenous infusion of 500 mL saline. 
This procedure results in elevation and equilibration ol left and right ventricular diastolic pressure, 
and a dip-and-plateau pattern in diastole emerges, (From Sisson D, Thomas WP: Pericardial 
diseases and cardiac tumors. In Fox PR et al (eds): Textbook of Canine and Feline Cardiology, 2nd ed. 

Philadelphia, WB Saunders Co, 1999, p 679, With permission.) 
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However, echocardiography demonstrates neither pericardial 
effusion nor right atrial and ventricular collapse. Constrictive 
pericarditis in dogs can develop as a consequence of any form of 
chronic pericarditis. However, it appears to occur most frequendy 
as a severe complication of systemic coccidioidomycosis. 

Certain echocardiographic findings that are suggestive of 
constrictive pericarditis have been described in humans, 
M-mode echocardiography may demonstrate abrupt flattening 
of mid-to-late diastolic movement of the left ventricular 
posterior wall, reflecting a sudden decline in diastolic filling. 
Rapid early closure of the mitral val ve may be detected, as well 
as premature pulmonary valve opening because of increased 
right-sided diastolic pressure. Several other echocardiographic 
features have been described including a diastolic septal bounce; 
mild atrial enlargement and vena cava dilation; and alterations 
in the flow characteristics in pulmonary veins, vena cava, hep* 
a tic vein, and across the mitral valve. Transthoracic echocardio¬ 
graphy may demonstrate a thickened pericardium in severe 

cases. However, transesophageal echocardiography, magnetic res¬ 
onance imaging, and computer tomography scanning are supe¬ 
rior to transthoracic echocardiography to detect pericardial 


thickening, J 2S None of the echocardiographic or other imag¬ 
ing modalities for the diagnosis of constrictive pericarditis 
have been evaluated in small animals. 

Hemodynamic data obtained by cardiac catheterization 
are generally necessary to establish a diagnosis of constrictive 
pericarditis in small animals. Usually elevation and equilibra¬ 
tion (or near equilibration] of the diastolic pressures of all 
diac chambers occurs. The right atrial pressure trace is often 
described as having an M or W pattern. This pattern arises 
because the A and V waves are separated by a reduced X 
descent, whereas the Y descent is prominent (Figure 205-14, A). 
The ventricular pressure trace shows a dip-and-plateau pat- 
tern (or "square-root” sign) in diastole. A rapid intravenous 
fluid infusion may be necessary to fully reveal the charac¬ 
teristic hemodynamic features of constrictive pericarditis 

(Figure 205-14, E]P^ 

Treatment for constrictive pericarditis involves surgical 
stripping of the fibrotic, fused, and adherent pericardium from 
the underlying myocardium (epicardial decortication). This 
technically difficult procedure is associated with high periop¬ 
erative morbidity and mortality. 
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CHAPTER 


Canine Heartworm Disease 


Clarke Atkins 


eartworm infection (HWI) (dirofilariasis), caused by 
Dirofibzria 


LIFE CYCLE 


immiris, primarily affects members of the 
family Canidae. Dirofilariasis is widely distributed, being 
recognized in northern and southern temperate zones, in the 
tropics, and in the subtropics. Infections are recognized in 
most of the United States, although the distribution favors the 
Southeast and Mississippi River Valley (Figure 206-1). In 
endemic areas in the United States, infection rates approach 
45%, and in some hyperendemic tropical regions, virtually 
all dogs are infected, Dirofilariasis is generally infrequent L 
Canada. A recent survey of veterinarians indicated that in 2001 
there were approximately 240,000 
United States. 1 


D. immitis is transmitted by over sixty species of mosquitoes, 
although important mosquito vectors probably number less 
than 12. Understanding the complex life cycle of D. is 

imperative for veterinary practitioners in heartworm endemic 
areas (Figure 206-2), Adult heartworms (L5) reside in the 
pulmonary arteries and, to a lesser extent in heavy infections, 
the right ventricle. After mating, microfilariae (LI) are pro¬ 
duced by mature adult female heartworms (L5) and 
released into the circulation.These LI are ingested by feeding 
female mosquitoes and undergo two moults (LI to L2 to L3) 
over an 8- to 17-day period. It is important to note that this 
process is temperature dependent; in times of the year when 
insufficient numbers of days occur in which the ambient tem¬ 
perature is adequate, moulting in the mosquito does not occur 
during the lifetime of the female mosquito and transmission 
cannot occur. 2 3 The resultant L3 is infective and is transmitted 
by the feeding mosquito to the original or another host, most 
often a male dog. Another moult occurs in the subcutaneous, 
adipose, and skeletal muscular tissues shortly after infection 
(I to 12 days), with a final moult to L5 3 months (50 to 68 days) 
after infection. This immature adult (1 to 2 cm in length) soon 
enters the vascular system, migrating to the heart and lungs, 
where final maturation (mature male adults range from 15 to 

18 cm and females from 25 to 30 cm i and mating occur. Under 
optimum conditions, completion of the life cycle takes 184 to 
2 10 days. The canine host typically becomes microfilaremic 6 to 
7 months after infection. Microfilariae (LI), which are variably 
present in infected dogs, show both seasonal and diurnal 
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Species known to have been infected with D. immitis include 
the domestic dog, wolves, foxes, coyotes, domestic cats, ferrets, 
muskrats, sea lions, nondomestic cats, coatimundi, and humans. 
The species of greatest interest to the practicing veterinarian 
include the dog and domestic cat. Because the consequences, 
treatment, and prognoses differ between the two species, clin¬ 
ical aspects of canine and feline heartworm disease (HWD) 
will be discussed separately. 

When HW1 is severe or prolonged, it may result in the 
pathologic process, called HWD. HWD may vary from asymp¬ 
tomatic (radiographic lesions only) to severe, life-threatening, 
chronic pulmonary artery, lung, and cardiac disease. In chronic 
HWI, glomerulonephritis, anemia, and thrombocytopenia 
may also be recognized. Severe dirofilariasis may, in addition, 
produce acute and fulminant multisystemic presentations, 
such as cava! syndrome (CS) and disseminated intravascular 
coagulation (D1C). 
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map, demonstrating relative prevalence of heart- 
worm infection (HW1) in the United States 
and Canada in 1998. (From Seward L [ed]: 
Proceedings of the American Heartworm 

Symposium '98. Batavia, 111., The American 
Heartworm Society, 1990.) 


Figure 206-1 
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PATHOPHYSIOLOGY 


periodicity, with greatest numbers appearing in the periph¬ 
eral blood during the evening hours and during the summer 
Adult heartworms in dogs are known to live up to 5 years and 
microfilariae up to 30 months. Dillon has recently emphasized 
that the disease process in HWD begins with the moult to L5 

(as soon as 2 to 3 months postinfection), at which time imma¬ 
ture adults (LS) enter the vascular system, initiating vascular 
and possibly lung disease, with eosinophilia and eosinophilic 
infiltrates and signs of respiratory disease. 4 It is important to 
note that this antedates the profession's current ability to 
diagnose HWL 


Heartworm is a misnomer because the adult actually resides in 
the pulmonary arterial system for the most part, and the pri¬ 
mary insult to the health of the host is a manifestation of 
damage to the pulmonary arteries and lung. The severity of 
the lesions and hence clinical ramifications are related to the 
relative number of worms (ranging from one to 
duration of infection, and the host and parasite interaction. 
Immature and mature adult heartworms reside primarily in 
the caudal pulmonary vascular tree, occasionally migrating 


Figure 206-2 Life cycle of Dirofilaria immitis 
in the dog. (From Atkins CE: Heartworm 
disease. In Allen DG [ed]: Small Animal 
Medicine. Philadelphia, JB Lippincott Co, 1991, 


pp 341-363.) 
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into the main pulmonary arteries, the right heart, and even the 
great veins in heavy infections. 

Obstruction of pulmonary vessels by Living worms is of 
little clinical significance, unless worm burdens are extremely 
high. The major effect on the pulmonary arteries is produced 
by worm-induced (toxic substances, immune mechanisms, 
and trauma) villous myointimal proliferation, inflammation, 
pulmonary hypertension (PHT), disruption of vascular integrity 
and fibrosis. This may be complicated by arterial obstruction and 
vasoconstriction caused by dead worm thromboemboli and 
their products. Pulmonary vascular lesions begin to develop 
within days of worm arrival (as early as 3 months postinfection),, 
With endothelial damage and sloughing, villous proliferation, 
and activation and attraction of leucocytes and platelets. The 
immigration of such cells and the release of trophic factors 
induce smooth muscle cell proliferation and migration with 
collagen accumulation and eventual fibrosis. Proliferative lesions 
eventually encroach upon and even occlude vascular lumina. 
Endothelial swelling with altered intracellular junctions 
increases the permeability of the pulmonary vasculature. Worms, 
which have died naturally or have been killed, elicit 
severe reaction, inciting thrombosis, granulomatous inflamma¬ 
tion, and rugous villous inflammation. Grossly, the pulmonary 
arteries are enlarged, thick-walled, and tortuous, with roughened 
endothelial surfaces. These changes are only partially reversible. 5 

Although the role of exercise in exacerbation of the signs 
of thromboembolic HWD is accepted, its role in the develop¬ 
ment of pulmonary vascular disease and PHT is less clear. 
Although Rawlings 6 was unable to show an effect of 2,5 months' 

controlled treadmill exercise on 


with exercise. Exacerbation by exercise likely reflects increased 
pulmonary artery flow with escape of inflammatory mediators 
into the lung parenchyma through badly damaged and perme¬ 
able pulmonary arteries (see Figure 207-7), Dillon has sug¬ 
gested that the lung injury is similar to that seen in adult 
respiratory distress syndrome (ARDS). 4 

Pulmonary parenchymal lesions also result by mechanisms 

other than post-thromboembolic consolidation. Eosinophilic 

pneumonitis is most often reported in true occult HWD, 
when immune-mediated destruction of microfilariae in the 
pulmonary microcirculation produces amicrofilaremia. This 
syndrome results when antibody-coated microfilariae, entrapped 
in the pulmonary circulation, incite an inflammatory reaction 
{eosinophilic pneumonitis). 9 A more sinister but uncommon 
form of parenchymal lung disease, termed pulmonary 
eosinophilic granulomatosis , has been associated with HWD, 

The exact cause and pathogenesis are unknown, but it is felt to 
be similar to HWD-related allergic pneumonitis. 10 It is postu¬ 
lated that microfilariae trapped in the lungs are surrounded by 
neutrophils and eosinophils, eventually forming granulomas 
and associated bronchial lymph adenopathy 

Anti gen-antibody complexes, formed in response to heart- 
antigens, commonly produce glomerulonephritis in 
heartwonm-infected dogs. 11 The result is proteinuria (albu¬ 
minuria) but uncommonly renal failure. He art worms may also 
produce disease by aberrant migration. This uncommon phe¬ 
nomenon has been associated with neuromuscular and ocular 
manifestations, because worms have been described in tissues 
such as muscle, brain, spinal cord, and anterior chamber of the 
eye. In addition, arterial thrombosis with L5 has been observed 
when worms migrate aberrantly to the aortic bifurcation 
more distally in die digital arteries. ^ Adult heartworms may 
also migrate in a retrograde manner from the pulmonary arteries 
to the right heart and venae cavae, producing CS, a devastating 
process, described following. 13 


an even more 


worm 


PHT in heavily infected dogs, 
Dillon 7 showed more severe PHT in lightly infected, mildly 

exercised dogs than in more heavily infected but unexercised 
dogs receiving no exercise at 6 months postinfection. 

Diseased pulmonary arteries are thrombosed, thickened, 
dilated, tortuous, noncompliant, and functionally incompetent* 
thereby resisting recruitment during increased demand; hence 
exercise capacity is diminished. Vessels to the caudal lung lobes 
most severely affected. Pulmonary vasoconstriction results 
secondary to vasoactive substances released from heartworms, 
* Furthermore, hypoxia (induced by ventilation-perfusion mis¬ 
matching secondary to eosinophilic pneumonitis, pulmonary 
consolidation, or both), further contributes to vasoconstriction. 
The result is PHT and compromised cardiac output. 8 Pulmonary 
hypertension is exacerbated with exercise or other states of 
increased cardiac output. The right heart, which is an efficient 
volume pump but does not withstand pressure overload, first 
compensates by eccentric hypertrophy (dilatation and wall 
thickening) and, in severe infections, ultimately decompensa¬ 
tion (right heart failure). In addition, hemodynamic stresses, 
geometric changes, and cardiac remodeling may contribute to 

secondary tricuspid insufficiency, thereby complicating or pre¬ 
cipitating cardiac decompensation. Pulmonary infarction is 
uncommon because of the extensive collateral circulation 
provided the lung and because of the gradual nature of vascu¬ 
lar occlusion. Because of increased pulmonary vascular per¬ 
meability, perivascular edema may develop. Although, along 
with an inflammatory infiltrate, this may be evident radio¬ 
graphically as increased interstitial and even alveolar density, 
in and of itself, it is seemingly of minimal clinical significance and 

does not indicate left heart failure (in other words, furosemide 
is not indicated). 

Spontaneous or postadulticidal thromboembolization 
(PTE) with dead worms may precipitate or worsen clinical 
signs, producing or aggravating PHT, right heart failure or, in 

instances, pulmonary infarction. Dying and disintegrating 
worsen vascular damage and enhance coagulation. 
Pulmonary blood flow is further compromised and consolidation 
of affected lung lobes may occur. With acute and massive worm 
death, this insult may be profound, particularly if associated 


or 


are 


CLINICAL SIGNS 


The clinical signs of chronic HWD depend on the severity and 
duration of infection and, in most chronic cases, reflect the 
effects of the parasite on the pulmonary arteries and lungs, 
and secondarily, the heart. It is important to point out that the 
vast majority of dogs with HW3 are asymptomatic. Historical 
findings in affected dogs variably include weight loss, dimin¬ 
ished exercise tolerance, lethargy, poor condition, cough, dys¬ 
pnea, syncope, and abdominal distension (ascites). Physical 
examination may reveal evidence of weight loss, split second 
heart sound (13%), right-sided heart murmur of tricuspid 
insufficiency (13%), and cardiac gallop. 14 If right heart failure 
is present, jugular venous distension and pulsation typically 
accompanies hepatosplenomegaly and ascites. Cardiac 
arrhythmias and conduction disturbances 
chronic HWD (<10%), With pulmonary parenchymal 
festations of HWD, cough and pulmonary crackles may be 
noted and, with granulomatosis (a rare occurrence), muffled 
lung sounds, dyspnea, and cyanosis are also reported. When 
massive pulmonary thromboembolization occurs, the addi¬ 
tional signs of fever and hemoptysis may be noted. 


are uncommon in 

mani- 


DIACNOSIS 


Microfilarlal Detection 

Ideally the diagnosis is made by routine evaluation prior to the 
onset of symptoms (i.e v HWD). Dogs in areas in which heart- 
worms are endemic should undergo a heartworm test yearly, 
particularly if on no heartworm preventative or if diethylcar- 
bamazine is used (see discussion of controversies, following). 


rare 

worms 
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Table 206-1 




Differentiating Character is tics of Dipetalonema Reconditum and Dirofilaria Immitis 


LENGTH (MODIFIED KNOTT TEST) 


SHAPE 


NUMBER IN BLOOD MOTION 








263 U (250-288 U) 


Usually few 


Curved body 
Blunt head 

Curved or "buttonhook 1 * tail 
Straight body and tail 
Tapered head 


D. reconditum 


Progressive 






308 U (295-325 U) 


Usually many 


Stationary 


D. immitis 






to determine microfilaria] status and in instances when owners 
continue to use diethykarbamazme as a preventative. Some 
veterinarians choose to combine the antigen and microfilarial 
tests. This practice is most useful in dogs receiving diethylcar- 
bamazine or no preventative (macrolides typically render the 
dog amicrofilaremic). Up to 1% of infected dogs are microfi¬ 
laria positive and antigen negative. 15 

Imiminodiagnostic Tests 

In dogs not having received macrolide preventative therapies, 
the prevalence of amicrofilaremic infections is 5% to 67% 
(typically 10% to 20%). 16 This may be observed in prepatent 
(young) infections, in single-sex infections, with immune- 
mediated destruction of microfilaria, and with drug-induced 
amicrofilaremia. Dogs receiving macrolide preventatives are 
typically amicrofilaremic. Hence immunodiagnostic tests (heart- 
worm ELISA antigen tests) are now regularly used for both 
screening and in cases suspected of having HWI. These tests 
have rapidly gained popularity because of their high sensitivity 
and specificity and ease of performance (Table 206-2), l7 ' 2O The 
weakness of these tests is that they detect antigen from adult 
female heartworms and hence will produce negative results 
during the first -6 (5 to 8) months of any infection, in all-male 
infections and in infections, with low female worm burdens. In 
fact, a recent study of the performance of three commercial test 
kits in detecting low worm burden (<4) r naturally acquired 
infections demonstrated an overall (median for three test kits) 


This was accomplished most commonly in the past by the 
microscopic identification of microfilariae on a direct blood 
smear, above the buflfy coat in a microhematocrit tube, using 
the modified Knott test, or after millipore filtration. The accu¬ 
racy of these tests, typically used for routine screening and for 
the diagnosis of suspected HWI, is improved by multiple test¬ 
ing. The modified Knott test and millipore filtration are more 
sensitive because they concentrate microfilariae, improving 
chances of diagnosis. The direct smear technique allows exami¬ 
nation of larval motion, helping in the distinction of D, immitis 
from Dipetalonema reconditum (now termed Acanthocheilonema 
reconditum); other useful diagnostic criteria are included in 
Table 206-1 .This distinction is important because the presence 
of the latter parasite does not require expensive and potentially 
harmful arsenical therapy, as does D. immitis. None of these 
tests can rule out HWI conclusively because of the potential 
for amicrofialremic infections (5% to 67%) and the fact that 
false-negative results may occur, particularly if microfilarial 
numbers are small, a small amount of blood is collected, or direct 
smears are relied upon. The number of circulating microfilariae 
in the peripheral blood do not correlate well with the number 
of adult heartworms and therefore cannot be used to deter¬ 
mine the severity of infection. In the most practices, microfi¬ 
laria) testing has been largely supplanted by (or supplemented 
with) immunodiagnositic antigen testing (i.e., enzyme-linked 
immunosorbent assay [ELISA]). The modified Knott test 
should always be performed, however, in anti gen-positive dogs 


Commercial Antigen and Antibody Test Kits for Heartworm Diagnosis in Dogs and Cats * 


STEPS 


SPECIES 


SAMPLE 


RUN TIME 


M ANU FACTU RER PRODUCT 


TEST TYPE FORMAT 


lOfWBJS^P) 


1 


IMC 


P,S,WB 


Canine 
Canine 
Feline 
Canine & 
fe I i ne 
Canine 


Heska 

Heska 

Heska 

IDEXX 


Solo Step™ CH 
Solo Step™ CH Test Strips 
Solo Step™ FH (antibody) 
PetCheck® Heartworm 
Antigen PF 

SNAP™ RT Heartworm 
Antigen Kit 

SNAP™ 3Dx 

SNAP™ Feline Heartworm 
Antigen Kit 
Witness® HW 
Witness® FHW (antibody) 

Assure™ FH (antibody) 

DiroCHEK® HW 


M 


5 


1 


IMC 


PS 


M 


10 (WB) 5 (S, P) 


1 


IMC 


RS,WB 
P, S,W B 


M 


9 or 10 


20 


E 


MW 


8 


4 


M 


E 


P, 5,W B 


IDEXX 


4 


PpS.WB 

RS,WB 


Canine 
Fe I i ne 


8 


M 


E 


IDEXX 

IDEXX 


4 


10 


M 


E 


10 


4 


IMC 


R$,WB 

RS,WB 


Canine 
Feline 
Feline 
Canine St 
feline 


M 


Synbiotics 

Synbiotics 

Synbiotics 

Synbiotics 


10 


4 


IMC 


M 


6 


15 


W (C) 


E 


RS 


8 


20 


E 


RS 


MW 


•Tests listed in alphabetic order by manufacturer. 

M f Membrane; MW, microwell; W t well; C, card; IMC, immunochromatographic; £ r ELISA; P t plasma; S, serum; VPB, whole blood. 
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A general approach to the diagnosis of HWI is demonstrated 

in Figure 206-4, 
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90 
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Radiography 

Although not an effective screening test for HWI, thoracic 
radiography offers an excellent method for detecting HWD, 
for determining its severity, and for evaluating pulmonary 
parenchyma] changes. Radiographic abnormalities, which 
develop relatively early in the disease course, are present in 
approximately 85% of cases. According to the study of 200 
heaitworm-infected dogs by Losonsky and colleagues, 2 ^ radio- 
graphic features (Figure 206-5] include right ventricular enlarge¬ 
ment (60%), increased prominence of the main pulmonary 
artery segment (70%), increased size and density of the pul¬ 
monary arteries (50%), and pulmonary artery tortuousity 
and 'pruning" 1 50%), If heart failure is present, enlargement of 
the caudal vena eava r liver, and spleen, as well as pleural effu¬ 
sion, ascites, or both, may be evident. Thrall and Calvert 27 sug¬ 
gested that pleural effusion is uncommon in heart failure due 
to HWD, demonstrating that marked enlargement of the cra¬ 
nial lobar pulmonary' artery was a more sensitive indicator of 

HWD-associated heart failure than is enlargement of the 
caudal vena cava. 

Thoracic radiographs obtained in the ventrodorsal 
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0-4 


Number female worms 


Sensitivity 

Figure 206-3 Comparison of sensitivity and specificity of three 
commercial heartworm test kits on known sera from naturally 
infected dogs with low worm burdens (zero to four adult female 

heartworms}, Black bars represent median sensitivity of the three 
tests for sera of dogs with one, two, th 

heartworms. Grey bar represents the median specificity of the 

three tests for sera from dogs infected with zero to four adult 
female heartworms. [From Atkins CE; Comparison of results of 3 
commercial heartworm antigen tests in dogs with low heartworm 

burdens. J Am Vet Med Assoc, 2003:222, 1221.) 


Specificity 


and four adult female 


projec¬ 
tion are preferable for cardiac silhouette evaluation, ease, and 

often minimizing patient stress. However, the dorsoventral 
projection is superior for the evaluation of the caudal lobar 
pulmonary vessels that are considered abnormal if larger than 
the diameter of the ninth rib where the rib and artery inter- 

(Figure 206-6). The cranial pulmonary artery is best eval¬ 
uated in the lateral projection and should normally not be 

larger than its accompanying vein or the proximal one third of 
the fourth rib (Figure 206-7), 

The pulmonary parenchyma can best be evaluated radio¬ 
graphically. With pneumonitis, the findings include a mixed 
interstitial to alveolar density, which is typically most 
in the caudal lung lobes (Figure 206-8), In eosinophilic nodu¬ 
lar pulmonary granulomatosis, the inflammatory process is 
arranged into the interstitial nodules, associated with bron¬ 
chial lymph a den op a thy and, occasionally, pleural effusion. 
With pulmonary thromboembolism, the radiographic finding 
of coalescing interstitial and alveolar infiltrates, particularly 
in the caudal lung lobes, reflect the increased pulmonary vas¬ 
cular permeability and inflammation described previously 
(see Figure 206-13). Consolidation may accompany massive 
embolization, pulmonary infarction, or both. 

Electrocardiography 

Electrocardiography is useful in detecting arrhythmias but i 
generally insensitive in detection of cardiac chamber enlarge¬ 
ment in HWD when compared with radiography and 
echocardiography. If radiography does not suggest HWD, it is 
unlikely that the electrocardiogram (ECG) will be useful in 
the absence of arrhythmias. With die exception of CS and 
heart failure, arrhythmias are rare (2% to 4%), 28 Nevertheless, 
the finding of a right ventricular enlargement pattern 
(Chapter 202) is supportive evidence for HWD. Lombard and 
Ackerman 28 demonstrated that ECG a b norm ali ti es 
sent in 38% to 62% of dogs with moderate and 
echocardiographic changes of HWD, while Calvert and 
Rawlings 2 * found that only 6% of 276 dogs with dirofilariasis 
had ECG changes of right ventricular enlargement. Calvert 
and Rawlings 30 also showed that the most sensitive ECG 
parameters for detection of HWD are lead II S waves deeper 
than 0,8 mv, mean electrical axis greater than 103 degrees, 
and greater than three ECG parameters of right heart enlarge¬ 
ment. The latter ECG finding (> three criteria) is considered 
to be the most accurate, P-pulmonafe [tall P weaves, indicative 
of right atrial enlargement) is unusual in HWD. 


sect 


sensitivity of 79% and a median specificity of 97%. 2 > The 

sitivity was relatively low (64%) for infections of only 

female worm but improved with increasing female 

burden (median of 85%, 88%, and 89% for two, three, and 

four female worms, respectively for the three test kits evalu¬ 
ated). Of course with high 


sen- 
one 
worm 


er worm burdens, better sensitivity 
is experienced. Nevertheless, despite overall excellent results 

in detection of small worm burdens, false-negative results do 
occur (Figure 206-3). 21 

Certain ELISA antigen tests are designed to quantitatively 
predict worm burdens, based on antigen concentrations. 
Semi quantitative ELISA (Snap 1M Canine Heartworm PF) has 
been used to successfully predict antigen load and hence 
approximate worm burden. Rawlings and colleagues 22 have 
shown this to be useful in predicting thromboembolic complica¬ 
tions, with dogs bearing greater worm burdens being more 
likely to experience such complications after adultkade. This 
application is most useful, however, in instances of low anti¬ 
gen concentration (suggesting low worm burden), because 
high antigen concentrations might be recognized when all or 
most worms are dead, having released a large amount of anti¬ 
gen into the circulation. ELISA technology also allows deter¬ 
mination of the efficacy of adulticide therapy. ELISA antigen 
concentration typically falls to undetectable levels 8 to 12 
weeks after successful adulticide therapy, so a positive test 
persisting beyond 12 weeks post-therapy has been suggested 
to indicate persistent infection. 23 However, antigen tests may 
remain positive for longer periods, and this author does not 
assume a failure in adulticidal therapy unless the antigen 
is positive 6 months after adulticidal therapy. 

As previously suggested, macrolide therapy with iver¬ 
mectin, milbemydn oxime, moxidectin, and selamectin 
results in clearance of microfilaria within 6 to 8 months. 23 ' 25 
In addition, embryostasis may be permanent. Thus the use of 
direct smears, the Knott test, and the miUipore filter (microfi¬ 
laria] tests) in dogs receiving monthly heartworm preventa¬ 
tive (macrolides) is inappropriate. Therefore the only 
effective testing modality in the ever-in creasing number of dogs 
receiving monthly preventative is the use of antigen assays. 
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Diagnosis of Heartworm Infection In Dogs 






« 




Perform an antigen test 






£ 


Negative 


Po siti ve 




i 




No heartworm infection or 
low heartworm burden 


in 






Start macro fide or 
d ie thylcarbamazin e (DEC) 

therapy 


Run a modified Knott 

or filter test 


Positive 


Negative 


Perform: 

* Complete blood count 

* Serum chemistry pane 

* Thoracic radiography 


Perform: 

♦ Complete blood count 
Serum chemistry panel 

* Thoracic radiography 
Start: 


* 




* “Slow kill" macrolide* * 

* Adulticidal therapyl 


* Adullicida! therapy 


If milbemycin or high-dose 
ivermectin (50 jig/kg) is 
preferred, the patient should 
be observed for adverse 
reaction or pretreated as 
described in the text. 

Figure 206-4 An algorithmic approach to the diagnosis of heartworm infection (H Wf) in the dog. 
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Figure 206-6 Lateral thoracic radiograph obtained from a dog 
with chronic heartworm disease (HWD). Reader should note 
right ventricular enlargement (evident in the apex having been 
Li Red Rom the sternum}, enlarged apical pulmonary artery, and 
an interstitial infiltrate in the caudal lung lobes. 


Figure 206-5 The relative frequency of cardiovascular radio- 
graphic findings of heartworm disease (HWD)* (Losonsky JM 
Thrall DE, Lewis RE: Thoracic radiographic abnormalities in 
200 dogs with heartworm infestation. Vet Radiol 24:120, 1983.) 
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Figure 206-9 A short-axis, two-dimensional echocardiogram 
obtained from a dog with chronic heart worm disease (HWD), 
Reader should note the enlarged right ventricular lumen (RV) and 
right ventricular papillary muscle (arrow). The septum 
tened and bows toward the small left ventricle (LV). The electro¬ 
cardiogram (ECG) at the bottom of the figure demonstrates that 
this is a diastolic frame. 


Figure 206-7 Dorsoventral thoracic radiograph obtained from 
dog with chronic heartworm disease (HWD). Reader should note 
the enlarged main pulmonary artery, right ventricular enlargement, 
and enlarged, tortuous caudal lobar pulmonary arteries. (See 
figure 206-5 for schematic of radiographic abnormalities.) 
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value of 3 to 4 to a mean value of 0.7 in dogs with HWD. 
In some instances, two-dimensional echocardiography can, be 
used to demonstrate worms in the pulmonary artery (see 
Chapter 207). Although heart worms can occasionally be 
demonstrated in the right ventricle, this method is insensitive 
except in dogs with CS or very heavy worm burdens, because 
the worms infrequently inhabit this location. 31 

Clinical Pathology 

Hematological and serum chemical abnormalities, although of 
limited use in making a diagnosis of HWD, are frequently 
useful in providing supportive evidence and for evaluating 
concurrent disease processes that may or may not be related 
to HWD. Calvert and Rawlings 30 report that the dog with 
HWD in Georgia typically is found to have a low-grade 
regenerative anemia (present in 10% of mildly to moderately 
affected dogs and up to 60% of severely affected dogs), neu¬ 
trophilia (20% to 80% of cases), eosinophdia (-85% of cases), 
and basophilia {- 60% of cases). Thrombocytopenia, which 
may be noted in chronic HWD, CS, and DIG, is most common 
1 to 2 weeks after adulticidal therapy. In severe HWD, espe¬ 
cially if heart failure is present, liver enzyme activities may be 
increased (10% of cases), and occasionally hyperbilirubinemia 
is noted. Azotemia, seen in only 5% of cases, may be prerenal 
in origin if dehydration or heart failure are present or may be 
secondary to glomerulonephritis. In 10% to 30% of cases, 
albuminuria is noted. If glomerular disease is severe, hypopro- 
tememia (hypoalbuminemia) has the potential to complicate 
the clinical picture. Not surprisingly, the most severe clinico- 

pathologic findings are associated with the most severe clinical 
findings. 

Evaluation of tracheobronchial cytology is at times useful, 
particularly in the coughing dog with eosinophilic pneumonitis, 
occult HWD, and minimal radiographic evidence of HWD. 
Microscopic examination reveals evidence of an eosinophilic 
infiltrate. In microfilaremic dogs, LI may occasionally be detected 
in this manner. Abdominal fluid analysis in cases of congestive 


Echocardiography 

Echocardiography is relatively sensitive in the detection of 
right heart enlargement, because the right ventricular end 
diastolic dimension and septal and right ventricular free wall 
thickness are all increased (Figure 206-9). Lombard reported 
abnormal (paradoxical) septal motion in four of 10 dogs with 
HWD, The ratio of left to right ventricular internal dimen¬ 
sions is a useful calculation, being reduced from a normal 
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Figure 206-8 Lateral thoracic radiograph obtained from 
ghing dog with chronic heartw r orm disease (HWD), The dif¬ 
fuse interstitial to alveolar infiltrate is severe and represents 
eosinophilic pneumonitis. Cardiac and pulmonary arterial changes 
are less severe than seen in Figures 206-6, 206-7, and 206-13. 


a 


cou 














* Canine Heartworm Disease 


CHAPTER 206 


1125 


and tachycardia and 18% of reactors succumb. Restated, 6% of 
microfilaremic dogs to which diethylcarbamazine is adminis¬ 
tered will die due an adverse reaction. 

Not infrequently, owners inadvertently miss one or more 
doses of DEC preventative. If 1 day of therapy is omitted, no 
problem exists and drug administration should continue. In 
the event of a more prolonged lapse in diethylcarbamazine 
treatment, reinstitution of medication should be advised, with 
the realization that infection may have occurred during the 
prophylactic hiatus. 

These dog? should be reevaluated in 6 to 7 months to deter¬ 
mine if infection has resulted. If a dog is found to be microfi- 
laremic when receiving diethylcarbamazine, prophylaxis 
should be continued; however, if inadvertently stopped, retn- 
stitution may result in the aforementioned adverse reaction. 

Macrolide Antibiotics 

The introduction of the macrolide agents (macrocydic lactones] 
ivermectin (Heartgard®), milbemycin oxime (Interceptor], 
moxidectin (ProHeart® and ProHeart® 6], and selamectin 
(Revolution™) has provided the veterinary profession with 
effective heartworm preventatives in a variety of formula¬ 
tions. These agents, because they interrupt larval development 
during the first 2 months after infection, have a large window 
of efficacy and are administered monthly or less frequently. 
Macrolide agents are superior to DEC in convenience. They 
produce less severe reactions when inadvertently given to 
microfilaremic dogs, allow a grace period for inadvertent lapses 
in administration, are more effective with treatment lapses of 
up to 2 to 3 months when used continuously for the next 
12 months, 37 and have a dual role as microfilariddes, 2037 ' 39 
Recently it has been shown that some macrolides have adulti- 
ddal activity, if used continuously for prolonged periods. 
[NOTE: ProHeart® 6 is no longer oh the market.) 

Ivermectin 

Ivermectin, a chemical derivative of avermectin E { that is 
obtained from Streptomyces spp,, is effective against a range of 
endo- and ectoparasites and is marketed as a once-monthly 
heartworm preventative. It is also marketed in a form with 
pyrantel pamoate to improve efficacy against intestinal para¬ 
sites (Table 206-3). Macrolides provide a wide window of effi¬ 
cacy and provide some protection when lapses in therapy 

Ivermectin is effective as a prophylactic with lapses of 
to 2 months. Protection is extended, with continuous 
12-month administration postexposure, with lapses of 3 months 
(98% efficacy) and of 4 months (95% efficacy). 37 As stated 
previously, ivermectin is microfilariddal at preventative doses 
(6 to 12 pg/kg/month}, resulting in a gradual decline in micro- 
filarial numbers. Despite this gradual microfilaria! destruction, 
generally mild, adverse reactions (transient diarrhea) can 
occur if administered to microfilaremic dogs. 37 Some breeds 
(collies and Shetland sheep dogs * are susceptible to ivermectin 
(and other macrolide) toxicosis at high doses, suffering neuro¬ 
logic signs. This has typically resulted with the use of concern 
trated livestock preparations, with clinical signs recognized 
with doses greater than 16 times the recommended dose. 25 
For this reason, only preparations designed for pet use should 
he administered to dogs. When used appropriately, ivermectin 

is virtually 100% effective in preventing HWI. Additionally, 

recent studies have shown ivermectin to have partial adultid- 
dal properties when used continuously for 16 months 40 and 
virtually 100% effective with continuous administration for 
30 months. 41 (See discussion of controversies, foil owing.) 

Milbemycin 

Milbemycin oxime is a member of a family of milbemycin 
macrolide antibiotics derived from a species of Streptomyces . 
At 500 to 999 pg/kg, it has efficacy against developing filarial 


heart failure (GHF) typically reveals a modified transudate. 
Dogs with HWD and right heart failure have central venous 
pressure (CVP) that ranges from 12 to more than 20 cm H 2 O, 
but ascites develop at lower CVTs if hypoalbuminemia is 
present. 












MEDICAL MANAGEMENT 






The medical management of HWI is complex because of the 
complicated parasite life cycle, the marked variability in clin¬ 
ical manifestations and severity of HWD, prophylactic con¬ 
siderations, adulticidal and microfilariddal considerations, and 
the relative toxicity and complications associated with adulti- 
cidal therapy. For these reasons, the diagnosis, prevention, and 
treatment of HWI remains a challenge. 

Prophylaxis 

Prevention of HWI is an obvious and attainable goal for the 
veterinary profession. Prevention failure results from igno- 

the part of owners as to the presence or potential 
severity of HWI, lack of owner compliance, or from inade¬ 
quate instruction on preventative measures by the attending 
veterinarian. 1 ' 32 34 Studies of owner compliance have revealed 
that approximately 55% of dog owners that use veterinary 
care purchase heartworm preventative, and enough medica¬ 
tion is dispensed only to meet the needs of approximately 
56% of those dogs. Hence the proportion of " cared for" dogs 
In the population that receive adequate heartworm prophy¬ 
laxis is less than one third. 33 If one takes into consideration 
doses purchased but not administered and dogs that are never 
taken to a veterinarian, the percentage of protected dogs falls 
drastically. This was emphasized in North Carolina in 1999, 
when Hurricane Floyd caused extensive flooding and disrup¬ 
tion in the poorest part of the state. Of dogs rescued from the 
floodwaters, 67% were infected with heartworms (personal 
communication. Dr. Kelli Ferris, North Carolina State 
Un iversity, 2003). In additio 11 , evideo ce s u ggests th at the vet- 
erinary profession is failing in its education of clients. New and 
colleagues, 35 upon questioning veterinary clients purchasing 
macrolide preventatives, found that 38% did not realize that 
their prescribed drug's spectrum was broader than solely 
preventing HWI. 

Diethylcarbamazine 

Diethylcarbamazine (DEC), which long enjoyed popularity as 
the preventative of choice, has now been largely replaced by 
the safer and more convenient macrolide preventatives. This 
product is safe [only in amicrufilaremic dogs) and effective; 
however, it must be given daily, making owner compliance 
problematic. Diethylcarbamazine is thought to kill L3 and 
early L4 tissue migrating larvae but only has a small temporal 
window of therapeutic efficacy, thus explaining the need for 
frequent administration. Preventative should he administered 
daily from the onset of mosquito season, continuously until 
1 to 2 months after a killing frost. In some geographic regions, 
the persistence of mosquitoes dictates yearlong prophylaxis, 
although this is controversial for much of the United States 
(see discussion of controversies, following). 

Diethylcarbamazine must only be administered to dogs free 
of microfilariae, thus dictating a yearly heartworm test prior to 
re in stitu ti on of preventative therapy. Inadvertent administra¬ 
tion of di ethylcarb am a zine to microfilaremic dogs produces an 
adverse, possibly immune-mediated reaction in approximately 
30%. 36 Signs associated with this adverse drug reaction usually 
occur within 1 hour of medication and include depression, 
ptyalism, vomiting, diarrhea, weak pulse, pale mucous mem¬ 
branes with poor capillary refill time, and bradycardia. 
Subsequently some dogs may become recumbent, dyspneie, 
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Table 206-3 


Comparison Clinical Spectrum of Commercially Available Macrolides 


FLEAS 

HW MICROFILARIAE ADULT1CIDE HOOKWORMS WHIPWORMS ROUNDWORMS TAPEWORMS £t EGGS 


DRUG 


TICKS 


Ivermectin 
(chewable) 
Milbemycin 
(flavored 
tablet) 
Moxidectin 
(tablet or 
injectable) 
Selamectin 
(topical) 


+* 




+ 


+ 


+ 


+ 


+ + 


/+t 


+ 


+ 


+ 


4*t 


+ 


+ 


(+) 


+ 


+ 


+A 


+ 


+ 


For adultieidal effects, assumes 31 months' continuous therapy for ivermectin and 18 months' continuous therapy for selamectin. 
HW t Heartworm preventative; ( ), partially effective or incompletely studied. 

•Ivermectin/pyrantd pamoate. 

f M ilbe mycin/1 ufenu ron. 

♦Injectable formulation (removed from the market in late 2004). 


larvae, arresting development in the first 6 weeks. It can there¬ 
fore be given at monthly intervals with a reachback effect 
of 2 months when doses are inadvertently delayed. With 
12 months' continuous treatment post exposure, this u safety 
net" can be extended to 3 months (97% efficacy), falling to 
41 % with lapses of 4 months. 37 At the preventative dose, 
milbemycin is a broad-spectrum parasiticide, being also effec¬ 
tive against certain hookworms, roundworms, and whipworms 
(see Table 206-3). In microfilaremic dogs, milbemycin has 
greater potential for adverse reactions than do other 
macrolides, because it is a potent microfilaricide at preventa¬ 
tive doses, 20 Adverse reactions, similar to those observed with 
ivermectin at microfilaricidal doses, may be observed in micro- 
* filaremic dogs receiving milbemycin at preventative doses,* 2 As 

with microfilaricidal doses (50 pg/kg) of ivermectin, Benadryl 
(2 mg/kg intramuscularly) and dexamethasone (0.25 mg/kg 
intravenously) may be administered prior to milbemycin to 
prevent adverse reactions, particularly in dogs with high micro- 
filarial counts, Milbemycin is also safe for use in collies at the 
preventative dose. With appropriate use, milbemycin is virtu¬ 
ally 100% efficacious as a heartworm prophylactic* 

Moxidectin 

The macrolide preventative, moxidectin, has been more 
recently marketed as a narrow-spectrum heartworm preven¬ 
tative (see Table 206-3) and shown to be safe and virtually 
100% effective at 3 pg/kg orally, given monthly or bimonthly 
up to 2 months postinfection.* 3 Moxidectin, at this dose, is 
gradually microfilaricidal and did not produce adverse reac¬ 
tions in a small number of microfilaremic dogs treated with 
the prophylactic dose. 38 At 15 pg/kg, 98% reduction in micro- 
filarial numbers was documented 2 months post-treatment. 
Lastly, moxidectin appears to be safe in collies. 4 * A new lipo¬ 
somal formulation of moxidectin, which provides the poten¬ 
tial to improve owner compliance, gives 6 months' protection 
with one subcutaneous injection. With 12 months' (two injec¬ 
tions) continuous treatment, injectable moxidectin is 97% 
effective at preventing infection after a 4-month lapse in 
preventative therapy. 45 (This product was removed from the 
market in late 2004 pending ftirther study,) 


monthly (see Table 206-3). Its efficacy is similar to that of 
other macrolides (virtually 100%, when used as directed). 46 
At 6 to 12 mg/kg topically, this preventative is effective at 
preventing heartworms infection and kills fleas and flea eggs, 
sarcoptic mange mites, ticks, and ear mites. 46 Bathing and 
swimming, as soon as 2 hours after application, does not alter 
efficacy. S afety has been shown at tenfold topical doses, with oral 
consumption of single doses and, in ivermectin-sensitive collies, 
at recommended doses and fivefold overdoses for 3 months. 47 
Like other macrolides, selamectin has at least a 2-month reach- 
back effect and with 12 months’ continuous administration 
is 99% protective after 3-month lapses in prophylaxis* 46 * 48 
Selamectin has microftlaricidai activity similar to other 
macrolides* 48 Chronic, continuous selamectin administration 
has adultieidal efficacy, although no published data indicate it 
is as effective in this role as ive rm ectin. 

In summary the macrolides offer a convenient, effective, and 
safe method of heartworm prophylaxis with varying spectra 
and methods of administration (see Table 206-3)* They each 
have microfilaricidal efficacy and render female heartworms 
sterile. Hence microfilarial tests for HWI cannot be reliably 
used in dogs receiving these products. Prophylaxis should be 
commenced at 6 to 8 weeks of age in endemic areas or as soon 
thereafter as climatic conditions dictate. 19 - 49 Although safer 
than DEC in microfilaremic dogs, before first-time administra¬ 
tion any dog over 6 months of age and at risk of infection 
should be tested (antigen test, followed by a microfilaria test, if 
antigen positive}. Additionally, even though protective for at 
least 8 weeks post exposure, macrolides should be administered 
precisely as indicated by the manufacturer. If accidental lapses 
of more than 10 weeks occur, the preventative should be rein- 
stituted at recommended doses and maintained for 12 consec¬ 
utive months. 25 Macrolides can also be used to "rescue" dogs 
that have lapsed in their DEC daily therapy for up to 60 to 90 
days. 1949 In the event of a lapse in preventative administration 
during a time of known exposure risk, an antigen heartworm 
test should be performed 7 months after the last possible expo¬ 
sure to determine if infection has occurred. 

The necessary duration of protection is controversial. 
The American Heartworm Society indicates that in colder 
climates, yearlong prevention is not necessary, advocating 
beginning macrolides within 1 month of the anticipation of 
transmission season 25 and continuing 1 month beyond the 
transmission season.* 949 On the other hand, some experts 


Selamectin 

Selamectin is a semisynthetic macrolide. It is unique in its 
broad spectrum and in the fact that it is applied topically once 
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Table 206-4 


Manufacturer's Recommendations for the Use of Melarsomine Dihydrochloride, Based on Patient Status 


CLASS 1 

HEARTWORM INFECTION 
(ASYMPTOMATIC, NO 
RADIOGRAPHIC LESIONS) 


CLASS 2 

SYMPTOMATIC 

HEARTWORM DISEASE 
(MILD TO MODERATE SIGNS) 


CLASS 3 

SYMPTOMATIC HEARTWORM DISEASE 
(SEVERE SIGNS) 


CLASS 4 

CAVAl SYNDROME 


Two doses melarsomine 
24 hours apart 
(2.5 mg/kg 1M) 


Two doses melarsomine 
24 hours apart 
(2.5 mg/kg IM) 


One dose melarsomine (2,5 mg/kg IM), 
followed in approximately 1 month 
with 2 injections 24 hours apart 


Melarsomine not 
indicated for 
a c ute c a re 


believe that yearlong prevention should be embraced, regard¬ 
less ol geographic location. 50 This author advocates yearlong 
prevention, at least below the Mason-Dbcon line in North 
America. 


status than patients treated with either caparsolate or the 
standard melarsomine dosing regimen. 55 ^ 

A split-dose protocol can be used in severely afflicted indi¬ 
viduals or in those in which pulmonary thromboembolism is 

anticipated (Table 206-4), This method allows for destruction of 
only one half the worms initially (one intramuscular injection of 
2,5 mg/kg), thereby lessening the chance for embolic complica¬ 
tions, This single dose is followed by a two-dose regimen in 1 to 
3 months, if clinical conditions permit. Although the manufac¬ 
turer recommends this protocol for severely affected dogs, the 
author uses it for all cases unless financial constraint or underly¬ 
ing concern for arsenic toxicity exists (e*g., pre-existent severe 
renal or hepatic disease; Figure 206-10), M Disadvantages to the 
split-dose method include additional expense, increased total 
arsenic dose, and the need for 2 months' exercise restriction. 

In 55 dogs with severe HWD that were treated in this 
manner, 96% had a good or very good outcome with more 
than 98% negative for anti gene mia 90 days post-therapy* 53 Of 
the 55 severely affected dogs, 31% had "mild or moderate 
PTE/’ but no fatalities resulted. The most common sign was 
fever, cough, and anorexia 5 to 7 days post-treatment. This 
was associated with mild perivascular caudal lobar pulmonary 
radiographic densities and subsided spontaneously or after 
corticosteroid therapy. 

Microfilarkidal and Preventative Therapy 
in Heartworm-Positive Dogs 

At the time of diagnosis (usually by a positive heartworm 
antigen test) a minimum data base is completed. This includes 
a microfilaria test, chemistry panel, complete blood count 
(CBC), urinalysis, and thoracic radiographic evaluation. If 
liver disease is suspected from clinical and laboratory find¬ 
ings, serum bile acid evaluation may be useful in evaluating 


THERAPY 


Melarsomine 

In most cases of HWD, it is imperative to rid the patient of 
the offending parasite. Thiacetarsemide, for decades the only 
drug approved for this purpose, is no longer available. It has 
been replaced by melarsomine (Immitid de®), an organoarsenic 
superior in safety and efficacy to thiacetarsemide. 1 With two 
doses (2.5 mg/kg intramuscularly every 24 hours), the efficacy 
is over 96%. Melarsomine has a mean retention time five times 
longer than thiacetarsemide, and its metabolites are free in 
the plasma (on which heartworms feed). 51 - 52 In a study of 
382 dogs with HW1 receiving melarsomine, none required 
cessation of therapy due to hepatorenal toxicity (as compared 
with 15% to 30% with thiacetarsemide), and no case of severe 
PTE was observed, 53 

Despite the enhanced safety of this product, adverse reac¬ 
tions are still noted. i4 - 16 - 54 In fact, successful pharmacologic 
adulticidaj therapy, by definition, dictates thromboembolic 
events. The clinician can diminish the severity of this compli¬ 
cation by restricting exercise after melarsomine administration. 
Perhaps the drug's biggest asset is the possibility of flexible 
dosing (' split-dose 11 — three injections over 1 month or longer), 
allowing the potential for a safer 50% initial worm kill, fol¬ 
lowed by subsequent injections to approach 100% efficacy. 
Studies have shown that patients treated with the split-dose 
regimen have a higher seroconversion to a negative antigen 


2.5 mg/kg Immiticide, 

twice daily 


2*5 mg/kg Immiticide 


Heartworm infection 


1 month's rest 


Macrolide at 
preventative 
dosage monthly 


► Monthly preventive 


Figure 206-10 An algorithmic approach to the management of heartworm infection (HWT) in 
the dog. (Atkins CE, Miller M: Is there a better way to administer heartworm adulticidal therapy? 

Vet Med , April 310-317, 2003.) 
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liver function. At this time, monthly macrolide preventative is 
prescribed (see Figure 206-10). This approach, which differs 
from the recommendations of the American Heartworm 

Society, is used to prevent further infection, to eliminate micro- 
filariae (chronic therapy renders the dog of no further risk to 
i n feet i tself or oth er do gs and c a ts), an d to destroy developing 
L4 (not yet susceptible to adultiddal therapy). In microfi- 
laremic dogs, the first macrolide dose is administered in the 
hospital or at home, with observation, so an adverse reaction 
might be recognized and treated promptly. 

Corticosteroids with or without antihistamines (dexa- 
methasone at 0.25 mg/kg intravenously and Benadryl at 2 mg/kg 
intramuscularly or 1 mg/kg of prednisolone orally \ hour 
before +/— 6 hours after administration of the first dose of 
preventative) may be administered to reduce the potential 
for adverse reaction in highly microfilaremic patients. It is 
important to emphasize that adverse reactions are unusual 
with macrolides at preventative doses. 

Depending on the time of year, up to 2 to 3 months might 
be allowed to lapse before adultiddal therapy is administered. 
Although monthly macrolide administration prevents further 
infection, this delay allows larval maturation to adulthood, 
ensuring that the only stage of the life cycle present is the adult, 
which is vulnerable to melarsomine therapy This is more 
important if the diagnosis is made during or at the end of a 
mosquito exposure season. If the diagnosis is made in the spring 
or late winter, when infective larvae have matured, adultiddal 
therapy may be immediately administered (see figure 206-10), 

Procedure 

The first injection of Melarsomine is administered by deep 
intramuscular injection (2,5 mg/kg) in the lumbar muscula¬ 
ture (as described in the package insert) and the injection site 
recorded. Before injection, the needle is changed and care is 
taken to inject deep into the muscle and nowhere else. 
Patients are typically, but not necessarily hospitalized for the 
day. The need for exercise restriction for 1 month is empha¬ 
sized, and sedation is provided if necessary. Owners are also 
advised as to adverse reactions (fever, local inflammation, las- 
% situde, inappetence, cough, dyspnea, collapse), to call if they 
have concerns, and to return For a second series of two injec¬ 
tions in approximately 1 month. 

If serious systemic reaction results, the second stage of the 
adultiddal treatment is delayed or, occasionally, even canceled. 
Typically however, even with severe reactions, the entire 
treatment protocol is completed within 2 to 3 months (see 
Figure 206-10). After a minimum of 1 month, the melarsomine 
injection procedure is repeated, again with a record of the 
injection site. If significant local reaction was noted after the 
first injection, subsequent injections 
dexamethasone or oral nonsteroidal anti-inflammatory drugs 
(NS AJDs) to minimize pain at the injection site. The next day 
(approximately 24 hours after the first injection) the process is 
repeated with melarsomine injection into the opposite lumbar 
area. Client instructions are similar to those previously given, 
with reemphasis of the need for 1 months' strict restriction of 
exercise. Antigen testing is repeated 6 months after the second 
series of injections, with a positive test result indicating 
incomplete adultiddal efficacy. It is emphasized that despite 

the proven efficacy of melarsomine, not all worms are killed in 
every patient. The worm burden is typically markedly reduced, 
but if as few as one to three adult female worms remain, posi¬ 
tive antigen tests are likely Whether to repeat adultiddal ther¬ 
apy, under these circumstances is decided on a case-by-case 
basis with input from the owners. 

Macrolides 

It is now known that certain macrohdes have adultiddal 
properties, 39 ^ 1 Ivermectin, when administered monthly for 


31 consecutive months, has nearly 100% adultiddal efficacy in 
young HWIs, 41 Seiamectin, when administered continuously 
for 18 months, killed approximately 40% of transplanted 
worms. 39 Milbemycin and sustained release moxidectin 
appear to have minimal adultiddal efficacy. 39 ^ Although 
there may be a role for this therapeutic strategy in cases in 
which financial constraints or concurrent medical problems 
prohibit melarsomine therapy, the current recommendations 
are that macrohdes not be adapted as the primary adultiddal 
approach (see discussion of controversies, following). 

Exercise Restriction 

Cage rest is an important aspect of the management of HWD 

after adultiddal therapy, after PTE, or during therapy of heart 
failure. This can often be best, or only, accomplished in the 
veterinary clinic. If financial constraints preclude this, crating 
or housing in the bathroom or garage at home, tranquilization, 
or both, with only gentle leash walks are useful alternatives. 
Nevertheless, some owners do not or cannot restrict exercise, 
resulting in or worsening thromboembolic complications. 

Surgical Therapy 

Sasaki, Kitagawa, and ishihara 57 have described a method of 
mechanical worm removal using a flexible alligator forceps 

(Figure 206-1 l).This method was 90% effective in 36 dogs with 
mild and severe HWD. Only two of the severely affected dogs 
(n ~ 9) died of heart and renal failure over 90 days postopera- 
tively. These data suggest that, m skilled hands, the technique is 
safe. Subsequent studies by Morini and colleagues 5 ® demon¬ 
strated superior results as compared with melarsomine, produc¬ 
ing less PTE and CS. It is important to note that the majority of 
dogs treated surgically required subsequent melarsomine admin¬ 
istration for adequate worm destruction. Advantages to this 
technique include its diminished potential arsenic toxicity (sub¬ 
sequent adultiddal therapy would be administered to an asymp¬ 
tomatic dog) and relative freedom from thromboembolic 
complication. Disadvantages include the need for general 
thesia, a degree of operator skill, fluoroscopy, and subsequent 
arsenic administration. Nevertheless, it remains a potential alter- 
n ative for the man agement of hi gh- risk p atients, 


anes- 


accompanied by 


are 


Figure 206-11 Heartworm retrieval using the flexible alligator 
forceps. (From Sasaki Y, Kitagawa H, hhihara K: Clinical and 
pathological effects of heartworm removal from the pulmonary 
arteries using flexible alligator forceps. In Otto GF ( ed): Proc Amer 
Heartworm Symposium '89* Batavia, Ill., American Heartworm 
Society, 1990, p 45.) 
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thiacetarsemide in dogs with severe clinical signs, including 
heart failure. 54 In this study, calcium heparin administered at 
50 to l DO lU/kg subcutaneously every 8 to ! 2 hours for 1 to 
2 weeks before and 3 to 6 weeks after adulticidal therapy, 
reduced thromboembolic complications and improved sur¬ 
vival, as compared with aspirin and indobufen. Dogs in both 
groups also received prednisone at 1 mg/kg/day. It is empha¬ 
sized that this therapy has not been studied with melarsomine 
adulticidal therapy. Calvert and colleagues 16 advocate sodium 
heparin (50 to 70 U/kg) in dogs with thrombocytopenia, DIC, 
or both, continuing until the platelet count is greater than 
150,000/mm 3 , for at least 7 days, and possibly for weeks. 

Microfilaricidal Therapy 

D espite th e fact that no agent is app roved by th e Food and Drug 
Administration for the elimination of microfilaria, microfilaria- 
dal therapy is traditionally instituted 4 to 6 weeks after adulti- 
ci de administration. 3 6 The macrolides offer a safe and effective 
alternative to levamisole and dithiazanine. Microfilariae are 
rapidly cleared with ivermectin at 50 pg/kg (approximately eight 
times preventative dose) or mllbemycln at 500 mg/kg (preven¬ 
tative dose), although this represents an extra-label use of iver¬ 
mectin. Adverse reactions, the severity of which is likely related 
to microfilarial numbers, were observed in 6% of 126 dogs 
receiving ivermectin at the microfilaricidal dose 65 Signs 
included shock, depression, hypothermia, and vomiting. With 
fluid and corticosteroid (dexamethasone at 2 to 4 mg/kg intra¬ 
venously) therapy, all dogs recovered within 12 hours. One fatal¬ 
ity, however, was observed 4 days after microfilaricidal therapy. 
Similar findings and frequency have been reported with milbe- 
mycin at the preventative dose. 36 Dogs so treated should be 
hospitalized and carefully observed for the day. Dogs less than 
16 kg, harboring more than 10,000 microfilaria per milliliter 
of blood, are more apt to suffer adverse reactions 61 Benadryl 

(2 mg/kg intramuscularly) and dexamethasone (0.25 mg/kg 
intravenously) can be administered praphylactically to prevent 
adverse reactions to microfilariddal doses of macrolides. 

A slower microfilarial kill rate can also be achieved with 
ivermectin, moxidectin, and selamectin at preventative 
doses. 23M39.66 Using either th e ra p i d or "slow kill ** app roach rids 
the patient of microfilariae and sterilizes the female heartworm. 

The American Heartworm Society recommends that 
macrolide therapy, at preventative doses, be instituted 3 to 
4 weeks after adulticidal therapy. 25 Accelerated microfilarial 
destruction can be achieved using recommended doses of 
milbemyctn or by reducing the dosing interval for the other 

topical or oral formulations to every 2 weeks. Filter or modi¬ 
fied Knott tests are rechecked in 5 months when using a slow 
kill or after 2 to 3 macrolide doses when using a accelerated 
dose, 25 This interval for testing can be reduced if mifbemycin 
or high-dose ivermectin (50 pg/kg) is chosen. 

This author chooses an alternative approach (see Figures 
206-4 and 206-10), beginning the administration of a 

macrolide preventative at the time of diagnosis, often days to 
weeks prior to adulticidal therapy. With the slow kill microfi- 
laricides (ivermectin, moxidectin, or selamectin at preventa¬ 
tive doses), little chance exists of an adverse reaction; however, 
the owner is warned of the possibility and advised to adminis¬ 
ter the medication on a day when he or she will be at home. If 
milbemydn is used, it is usually administered in the hospital 
and may be preceded by administration of dexamethasone and 
Benadryl (as described previously in adulticidal therapy). 




Corticosteroids 

The anti-inflammatory and immunosuppressive effects inherent 
to corticosteroids are useful for treatment of some aspects of 
HWD. Prednisone, the steroid most often advocated, reduces 
pulmonary arteritis but actually worsens the proliferative vascu¬ 
lar lesions of HWD, diminishes pulmonary arterial flow, and 
reduces the effectiveness of thiacetarsemide. For these reasons, 
corticosteroids are indicated in HWD only in the face of pul¬ 
monary parenchymal complications (eosinophilic pneumonitis, 
eosinophilic granulomas, and PTE), to treat or prevent adverse 
reactions to microfilaricides, and possibly to minimize tissue 
reaction to melarsomine. For allergic pneumonitis, prednisone 
(1 mg/kg/day) is administered for 3 to 5 days and discontinued 
or tapered as indicated. 9 ' 16 The response is generally favorable. 
Prednisone has also been advocated, along with cage rest, for 
the management of PTE at 1 to 2 mg/kg per day, continued 
until radiographic and clinical improvement is noted. 16 Because 
of the potential for steroid-induced fluid retention, such therapy 
should be used cautiously in the face of heart failure. In addition, 
caution is warranted because early studies demonstrated that 
postadulticidal corticosteroid therapy reduced pulmonary blood 

flow and worsened intimal disease in a model of HWP 9 ; corti¬ 
costeroids are also procoagulant. 16 As mentioned with adultici¬ 
dal (previously discussed) and microfilaricidal [discussed 
following) therapies, corticosteroids may be used to minimize 
potential adverse reactions to melarsomine and to macrolides 
gi ven to rapidly lull microfilariae. 

Aspirin ^ - , 

Antithrombotic agents have received a good deal of atten¬ 
tion in the management of HWD. 59-63 Potential benefits 
include reduction in severity of vascular lesions, reduction in 
thromboxane-induced pulmonary arterial vasoconstriction 
and PHT, and minimization of postadulticidal PTE. 61 Aspirin 
has shown success in diminishing the vascular damage caused 
by segments of dead worms, 61 reduced the extent and sever¬ 
ity of myointunal proliferation caused by implanted living 
worms, 62 and improved pulmonary parenchymal disease and 
intimal proliferation in dogs receiving thiacetarsemide after 
previous living heartworm implantation. 59 More recent stud¬ 
ies, however, have produced controversial results. Four dogs 
with implanted heartworms, receiving adulticide and admin¬ 
istered aspirin, showed no improvement in pulmonary angio¬ 
graphic lesions, and treated dogs had more severe tortuousity 
than did controls and dogs receiving heparin. 60 Boudreau and 
colleagues 63 demonstrated that the aspirin dose required to 
decrease platelet reactivity by at least 50% was increased by 
nearly 70% with HWX (implantation model) and by nearly 
200% with a model (dead worm implantation) of PTE. There 
were not significant differences in severity of pulmonary vas¬ 
cular lesions in aspirin-treated versus control dogs. For these 
reasons, the American Heartworm Society does not endorse 
antithrombotic therapy for routine treatment of HWD. 20 
Calvert and colleagues 16 have, however, successfully used the 
combination of aspirin and strict cage confinement with adul¬ 
ticidal therapy for severe HWD. 

If used, aspirin is administered daily beginning 1 to 3 weeks 
prior to and continued for 4 to 6 weeks after adulticide admin¬ 
istration. With protracted aspirin therapy, packed cell volume 
(PCV) and serum total protein, should be monitored periodi¬ 
cally. Aspirin is avoided or discontinued in the face of gastro¬ 
intestinal (GI) bleeding (melena or falling PCV), persistent 

emesis, thrombocytopenia (50,000/mm 3 ), and hemoptysis. 16 

Heparin Therapy 

Low-dose calcium heparin has been studied in canine HWD 
and shown to reduce the adverse reactions associated with 












COMPLICATIONS AND SPECIFIC SYNDROMES 


Asymptomatic Heartworm Infection 

Most dogs with HWI are asymptomatic, even though many of 
these have HWD (radiographic and pathologic lesions). 
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Treatment is as described previously using melarsomine in the 
split-dose regimen, along with a macrolide preventative. 

Asymptomatic dogs may however, become symptomatic 
af er adulticidal therapy due to PTE and lung injury (as 
described elsewhere), The risk of PTE can be imperfectly pre¬ 
dicted by semi quantitation of the worm burden, using certain 
antigen tests, and by the severity of radiographic lesions, 22 
Clearly a dog with severe radiographic lesions will not tolerate 
thromboembolic complications well, but not all dogs with 
radiographic signs have heavy worm burdens. For example, 
a dog with moderate to severe radiographic lesions and high 
antigenemia may not be at high risk for post adulticidal PTE, 
because it is quite possible that the worms have died, explaining 
both the antigenemia (release from dead worms) and radio- 
graphic abnormalities (chronic HWD), This conclusion might 
also be valid in the dogs with severe radiographic lesions and 
negative or low antigenemia (assumes most or all worms have 
died, and antigen has been cleared). Alternatively, antigenic 
evidence of a heavy worm burden in a dog with minimal 
radiographic signs might still portend a severe reaction after 
melarsomine, because the findings suggest large 
hers but without natural worm attrition (he., a relatively young 
infection with minimal disease). Of course, low worm burden 
and minima] radiographic lesions would suggest the least risk 
of an adverse reaction to adultiride. 

It bears emphasis that with each scenario, guesswork is 
involved and precautions should he taken. When the risk is 
greatest, aspirin (5 to 7 mg/kg daily—begun 3 weeks prior to 
and continued until 3 weeks after adulticide) or even heparin 
may be used, 16 and cage confinement is most important. The 
owners should be educated as to the risk, the suggestive signs, 
and the importance of prompt veterinary assistance in case of 
an adverse reaction* 


because HWI contributes to glomerular disease, but it like¬ 
wise carries risks. The approach embraced by this author is to 
hospitalize the patient and to administer intravenous fluids 
(lactated Ringer's solution at 2 to 3 mL/kg/hr) for 48 hours 
(beginning 12 hours prior to the first melarsomine dose). The 
patient is then released, and a recheck appointment for blood 
urea nitrogen (BUN) and creatinine determination after 48 hours 
is advised, [he second and third injections are tentatively 
scheduled for 1 to 3 months, with the treatment decision based 

on renal function and the overall response to initial adulticidal 
therapy. 

Allergic Pneumonitis 

Allergic pneumonitis, which is reported to affect 14% of dogs 
with HWD, is a relatively early development in the disease 
course.* 1 - 16 [n fact, the pathogenesis probably involves 
immunologic reaction to dying microfilariae in the pulmonary 
capillaries. Clinical signs include cough and sometimes dyspnea 
and other typical signs of HWD, such as weight loss and exercise 
intolerance. Specific physical examination findings may be 
absent or may include dyspnea and audible crackles in more 
severe cases. Radiographic findings include those typical of 
HWD but with an infiltrate, usually interstitial, hut 
ally with an alveolar component, often worse in the caudal 
lung lobes (see Figure 206-8}. Eosinophils and basophils may 
be found in excess in peripheral blood and in airway samples. 

Corticosteroid therapy (prednisone or prednisolone at 1 to 
2 mg/kg per day) results in rapid attenuation of clinical signs, 
with radiographic clearing in less than a week. The dose 
then be stopped in 3 to 5 days if clinical si gns subside. Although 
micro fiJ a rid dal therapy is typically not indicated because 
infections are often occult, macrolide prophylaxis is indicated 

to avoid further infection. Adulticidal therapy can be used 
after clinical improvement. 

Eosinophilic Granulomatosis 

A more serious, but rare, manifestation, pulmonary eosinophili 
granulomatosis, responds less favorably. This syndrome is char¬ 
acterized by a more organized, nodular inflammatory process, 
associated with bronchial 1 ymphadenopathy and, occasionally, 
pleural effusion. With pulmonary granulomatosis, cough, 
wheezes, and pulmonary crackles are often audible; when very 
severe, lung sounds may be muffled and associated with dyspnea 
and cyanosis. Treatment with prednisone at twice the dose for 
allergic pneumonitis is reported to induce partial or complete 
remission in 1 to 2 weeks. The prognosis remains guarded 
because recurrence within several weeks is common. Prednisone 
may be combined with cyclophosphamide or azathioprine in 
an effort to heighten the immunosuppressive effect. The latter 
combination appears to be the most effective, Adul ti cide therapy 
should be delayed until remission is attained. As the prognosis 
for medical success is guarded; surgical excision of lobar lesions 
has been advocated.* 7 

Pulmonary Embolization 

Spontaneous thrombosis or PTE associated with dead and 
dying worms—the most important heartworm complication— 
may precipitate or worsen clinical signs, producing or aggra¬ 
vating PHT, right heart failure or, in rare instances, hemoptysis 
and pulmonary infarction. Acute fatalities may result from 
fulminant respiratory failure, exsanguination, DIG, or may be 
unexplained and sudden (arrhythmia or massive pulmonary 
embolism). The most common presentation, however, is a 
sudden onset of lethargy, anorexia, and cough 7 to 10 days 
after adulticidal therapy—-often after failure to restrict exer¬ 
cise. Dyspnea, fever, mucous membrane pallor, and adventitial 
lung sounds (crackles) may be noted on physical examination. 

Thoracic radiographs (Figure 206-13) reveal significant 
pulmonary infiltrates, most severe in the caudal lung lobes. 
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Glomerulonephritis 

The majority of dogs suffering from chronic HWI have 
glomerulonephritis, which can be severe (Figure 206-12). n 
Therefore when a dog demonstrates glomerular disease, HWI 
should be considered as a differential diagnosis. Although it is 
generally felt that the glomerular lesions produced by HWI 
are unlikely to produce renal failure, a therapeutic dilemma 
results when one is found in a dog with proteinuria, azotemia, 
and HWL Logic suggests that adulticidal therapy is indicated 
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Figure 206*12 An H&E stained, 3 pm section of a glomerul 

from a dog with chronic heartworm disease (HWD) and resultant 
memhranoproliferative glomerulonephritis. The capillary walls 
thickened, and an overall increase in cellularity is seen. The 
reader should note a thick-walled capillary containing intraluminal 
microfilariae. (Photograph courtesy Dr Greg Grauer.) 
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combat dehydration.^ The use of heparin (75 RJ/kg subcuta¬ 
neously three times a day until platelet count has normalized 




t 5 to 7 days]) and aspirin {5 to 7 mg/kg/day) has been advocated 
>y some 30 but remains controversial, 4 


> 


Other therapeutic strategies might include cough suppres¬ 
sants, antibiotics (if fever is unresponsive}, and, although 
speculative at this time, vasodilators (amlodipine, hydralazine, 
diltiazem; see discussion of heart failure in Chapter 197) s 9 70 
If vasodilatory therapy is used, one must monitor blood pres¬ 
sure because hypotension is a potential side effect. Clinical 
improvement may be rapid and release from the hospital con¬ 
sidered after several days' treatment. For less severely affected 
dogs, careful confinement and prednisone at home are often 
adequate. 

Congestive Heart Failure 

Right heart failure results from increased right ventricular 
afterload (secondary to chronic pulmonary arterial disease and 
thromboemboli with resultant PHT). When severe and 
chronic; PITT may be complicated by secondary tricuspid regur¬ 
gitation and right heart failure- Congestive signs (ascites) are 
worsened in the face of hypo protein emia (see Figure 206-14]< 
Calvert suggests that up to 50% of dogs with severe pulmonary 
vascular complication to HWD will develop heart failure. 
Clinical signs (see Figure 206-13) variably include weight loss, 
exercise intolerance, ashen mucous membranes with prolonged 
capillary refill time, ascites, dyspnea, jugular venous distension 
and pulsation, arrhythmias with pulse deficits, and adventitial 
lung sounds {crackles and possibly wheezes). Dyspnea may be 
due to pulmonary infiltrates (PIE or PTE, but not cardiogenic 
pulmonary edema), abdominal distension, or pleural effusion. 

Treatment aims include reduction of signs of congestion, 
reducing PHT, and increasing cardiac output. This involves 
dietary, pharmacologic, and procedural interventions. Moderate 
salt restriction is logical and probably useful in diminishing 
diuretic needs. This author chooses a diet designed for senior 
patients or early heart disease, because salt restriction should 
only be moderate. Diuretics may be useful in preventing recur¬ 
rence of ascites but are typically not able to mobilize large 
fluid accumulations effectively* This then requires periodic 
abdominal or thoracic paracentesis (or both) when discomfort 
is apparent. Furosemide is typically used at 1 to A mg/kg daily, 
depending on severity and patient response. Additional diuretics, 
which provide a supplemental effect by using differing parts 
of the nephron, include spironolactone (1 to 2 mg/kg orally 
twice a day) and chlorothiazide 2 mg/kg orally daily to every 
other day)♦ The ACE-inliibitors (e.g,, enalapril, benazepril, iisino- 
pril, ramipril) , by their effect on the renin-angiotensin-aldos¬ 
terone system, may be of use as mixed vasodilators, in blunting 
pathologic cardiac remodeling, and in reducing fluid retention, 
particularly cases of refractory ascites. Adultidde therapy is 
delayed until clinical improvement is noted. No evidence indi- 
ca tes th a t digoxin improves survival in HWD. Beea use of the risk 
of toxicity and pulmonary vasoconstriction associated with its 
use, it is not routinely used by is author in the management of 
HWD-induced heart failure. However, digoxin may be benefi¬ 
cial in the presence of supraventricular tachycardia or refrac¬ 
tory heart failure Aspirin, theoretically useful because of its 
ability to ameliorate some pulmonary vascular lesions and 
vasoconstriction, may be used 5 mg/kg/day orally. 

The arterial vasodilator, hydralazine, has been shown by 
Lomba rd 6P to i m prove cardiac outp Lit in a small number of dogs 
with HWD and heart failure. It has also been demonstrated to 
reduce pulmonary artery pressure and vascular resistance, right 
ventricular work, and aortic pressure without changing cardiac 
output or heart rate in dogs with experimental HWD (but with¬ 
out heart failure). 70 Clinical experience has shown perceived 
improvement with the vasodilators diltiazem and amlodipine 
as well. Research and clinical experience suggest that hydralazine, 














Figure 206-13 Lateral thoracic radiograph obtained from a dog 
with chronic heanworm disease (HWD), postadukicide. The 
reader should note right ventricular enlargement, enlarged apical 
pulmonary arteries partially obscured by pulmonary infiltrate, and 
an interstitial and alveolar infiltrate, most severe in the caudal 
lung lobes. 


is 


The degree of worsening, as compared with pretreatment 
radiographs, is typically dramatic. The infiltrate, typically alve¬ 
olar, is most severe in the caudal lobes, and occasionally areas 
of consolidation are noted. Laboratory abnormalities vary with 
the severity of signs but may include leukocytosis, left shift, 
monocytosis, eosinophilia, and thrombocytopenia. The degree 
thrombocytopenia may provide prognostic information. 

Medical management of thromboembolic lung disease is 
largely empiric and somewhat controversial* It is generally 
agreed that strict cage confinement, oxygen administration via 
oxygen cage or nasal insufflation (50 to 100 mL/kg), and 
prednisone (1 mg/kg/day for 3 to 7 days) are indicated in the 
most severe cases. 14 ' 10 ^ Some advocate careful fluid therapy 
(see recommendations for CS), measuring GVP to avoid pre¬ 
cipitation of heart failure, to maximize tissue perfusion and 


Figure 206-14 Adult male Labrador retriever with congestive 
heart failure (CHF) due to heartworm disease (HWD). The 
reader should note the distended abdomen (ascites) and cardiac 
cachexia. 















SECTION XI • Cardiovascular System 


1132 


amlodipine, and diltiazem might have a role in this setting, 
but further studies are necessary to define their role, if any. In 
heart failure the author uses hydralazine at 0,5 to 2 mg/kg orally 
twice a day, diltiazem at 0.5 to 1.5 mg/kg orally three times a 
day, or amlodipine at 0,1 to 0.25 mg/kg/day orally. The risk of 

hypotension with these therapies must be realized and blood 
pressure monitored. 

Often heart failure follows adulticidal therapy, but if it is 
present prior to adulticidal therapy the difficult question arises 
as when (or whether} to administer melarsomine. If clinical 
response to heart failure management is good, adulticidal 
therapy may be offered in 4 to 12 weeks, as conditions allow, 
Melarsomine is generally avoided if heart failure is refractory. 
Anti arrhythmic therapy is seldom necessary, although slowing 
the ventricular response to atrial fibrillation with digoxin, 
Diltiazem, or both (see Chapters 197 and 202 : may be 


with the valve apparatus, tricuspid insufficiency (with resul¬ 
tant systolic murmur, jugular pulse, and CVP increase), 71 
Affected dogs also exhibit pre-existent heartworm-induced 
PHT, which markedly increases the adverse hemodynamic 
effects of tricuspid regurgitation. These combined effects sub¬ 
stantially reduce left ventricular preload and hence cardiac 
output. Cardiac arrhythmias may further compromise cardiac 
function (Figure 206-15), 

This constellation of events precipitates a sudden onset of 
clinical signs, including hemolytic anemia caused by trauma to 
red blood cells (RBCs) as they pass through a sieve of heart- 
worms occupying the right atrium and venae cavae, as well as 
through fibrin strands in capillaries if DIC has developed. 
Intravascular hemolysis, metabolic acidosis, and diminished 
hepatic function with impaired removal of circulating pro- 

coagulants contribute to the development of DIC The effect 
of this traumatic insult to the erythron is magnified by 
increased RBC fragility, due to alterations in the RBC mem¬ 
brane in dogs with HWD. Hemoglobinemia, hemoglobinuria, 
and hepatic and renal dysfunction also are observed in many 
dogs. The cause of hepatorenal dysfunction is not clear, but it 
probably results from the combined effects of passive conges* 
tion, diminished perfusion, and the deleterious effects of the 
products of hemolysis. Without treatment, death frequently 
ensues within 24 to 72 hours due to cardiogenic shock, com¬ 
plicated by anemia, metabolic acidosis, and DIG. 

A sudden onset of anorexia, depression, weakness, and 
occasionally coughing are accompanied in most dogs by dyspnea 
and hemoglobinuria. Hemoglobinuria has been considered 


neces¬ 


sary in some cases. 


Cavol Syndrome 

Heartworm CS is a relatively uncommon but severe variant or 
complication of HWD. Most studies have shown a marked 
predilection, with 75% to 90% of CS dogs being male. It is 
characterized by heavy worm burden (usually >60, with the 
majority of the worms residing in the right atrium and venae 
cavae) and a poor prognosis, 18 

Studies performed in the author s laboratory indicate that 
retrograde migration of adult heartworms to the cavae and 

right atrium, from 5 to 17 months after infection, produces 
partial inflow obstruction to the right heart and, by interfering 
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Figure 206-15 Schematic demonstrating pathogenesis of cardiac dysfunction in heartworm 
caval syndrome (CS). CS complicates chronic heartworm disease (HWD) when retrograde 
migration from the pulmonary arteries occurs, with the majority of worms relocating in the venae 
cavae and right atrium. Tricuspid valvular function is altered, resulting in incompetence. Tricuspid 
regurgitation is superimposed on pulmonary hypertension. Left ventricular preload is diminished. 
Congestive and low-output heart failure ensues. Septal deviation to the left and abnormal, rightward 
septal motion contributes to preload starvation of the left ventricle. Right ventricular inflow obstruc¬ 
tion due to heartworms and cardiac arrhythmias may further contribute to cardiac dysfunction but 
are probably less important, CO, Cardiac output; PAP t pulmonary hypertension; QVP t central 
pressure; RAE t right atrial enlargement; APQ atrial premature complex; 1/PC, ventricular premature 
complex; Pl/H, right ventricular hypertrophy; RVP, right ventricular pressure; RVE t right ventricular 
enlargement; LW t left ventricular volume; Arrows , increased or decreased. (From Atkins CE; 
Pathophysiology of heartworm caval syndrome: recent advances. In Otto GF: Proc Amer Heartworm 
Symposium '89. Batavia, Ill., American Heartworm Society, 1990, pp 27-31 ♦) 
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pathognomonic for this syndrome. Physical examination reveals 
mucous membrane pallor, prolonged capillary refill time, weak 
pulses, jugular distension and pulsation, hepatosplenomegaly, 
and dyspnea. Thoracic auscultation may disclose adventitial 
lung sounds; a systolic heart murmur of tricuspid insufficiency 
(87% of cases); loud, split $2 (67%); and cardiac gallop (20%). 
Other reported findings include ascites (29%), jaundice 
(19%), and hemoptysis ( 6 %). Body temperature varies from 
subnormal to mildly elevated . 18 

Hemoglobinemia and microfilaremia are present in 85% of 
dogs suffering from CSd 8 Moderate (mean PCV, 28%) regener¬ 
ative anemia characterized by the presence of reticulocytes, 
nucleated RBC, and increased mean corpuscular volume (MCV) 
is seen in the majority of cases. This normochromic, macrocytic 
anemia has been associated with the presence of target cells, 
scbistocytes, spur cells, and spherocytes. Leukocytosis (mean 

white blood cell [WBC] count, approximately 20,000 cells/cm 3 ) 
with neutrophilia, eosinophil*a, and left shift has been described. 
Dogs affected with DIC are characterized by the presence of 

thrombocytopenia and hypofibrinoginemia, as well as prolonged 
one stage prothrombin time (PT), partial thromboplastin time 
(FTT), activated coagulation time (ACT), and high fibrin degra¬ 
dation product concentrations. Serum chemistry analysis reveals 
increases in liver enzymes, bilirubin, and indices of renal func¬ 
tion. Urine analysis reveals high bilirubin and protein concentra¬ 
tions in 50% of cases and more frequently, hemoglobinuria. 

CVF is high in 80% to 90% of cases (mean, 11.4 cm H 2 0). 

Electrocardiographic abnormalities include sinus tachycardia 
in 33% of cases and atrial and ventricular premature com* 
plexes in 28% and 6 %, respectively. The mean electrical axis 
tends to rotate rightward (mean, + 129 degrees), with an S 1,2,3 


pattern evident in 38% of cases. The S wave depth in CV 6 LU 
(V 4 ) is the most reliable indicator of right ventricular enlarge¬ 
ment (>0,8 mv) in 56% of cases. Thoracic radiography reveals 
signs of severe HWD with cardiomegaly, main pulmonary arte¬ 
rial enlargement, increased pulmonary vascularity, and pul¬ 
monary arterial tortuousity recognized in descending order of 
frequency (see Figures 206-5 to 206-7). Massive worm inhab¬ 
itation of the right atrium with movement into the right ven¬ 
tricle during diastole is evident echocardi©graphically. This 
finding on M-mode and two-dimensional echocardiograms is 
nearly pathognomonic for CS in the appropriate clinical setting 
i \ ; igure 206-16). The right ventricular lumen is enlarged and the 
left diminished in size, suggesting PHT accompanied by reduced 
left ven trial la r loading. Paradoxical septal motion, caused by high 
right ventricular pressure, is commonly observed. No echocar- 
diographic evidence of left ventricular dysfunction exists. Cardiac 
catheterization documents pulmonary, right atrial, and right ven¬ 
tricular hypertension and reduced cardiac output. 

Prognosis is poor unless the cause of the crisis—the right 
atrial and eaval heartworms—is removed. Even with this 

treatment, mortality can approximate 40%, 

Fluid therapy is needed to improve cardiac output and 
tissue perfusion, to prevent or help to reverse DIC, to prevent 
hemoglobin nephropathy, and to aid in the correction of 
metabolic acidosis. Overexuberant fluid therapy, however, 
may worsen or precipitate signs of CHF. In the author s clinic, 
a left jugular catheter is placed and intravenous fluid therapy 
instituted with 5% dextrose in water or one-half strength 

saline and 2.5% dextrose. The catheter should not enter the 

anterior vena cava because it will interfere with worm 
embolectomy. A cephalic catheter may be substituted for the 
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Figure 206-16 An M-mode echocardiogram of a dog with recent onset caval syndrome (CS), 

demonstrating thickening of the right ventricular and intraventricular septal walls, right ventricu¬ 
lar eccentric hypertrophy, and a small left ventricle. An echogenic mass (clear arrow) of heart- 
worms can be seen "falling” into the right ventricle with each diastole. Paradoxical septal motion is 
evident. The white arrow denotes the pericardium. R t Right ventricular wall; r, right ventricular 
lumen; 1 , intraventricular septum; /, left ventricular lumen; L, left ventricular posterior wall. (From 

Atkins C£; Heartworm caval syndrome. Semin Vet Med Surg 2:64-71, 1987.) 
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somewhat inconvenient jugular catheter, but this does 
allow monitoring of CVR The intravenous infusion rate for 
fluids is dependent on the condition of the animal, A useful 
guideline is to infuse as rapidly as possible (up to 1 cardiovas¬ 
cular volume during the first hour) without raising the CVP 
without raising it above 10 cm H 2 Q if it was normal or near 
normal at the outset, initial therapy should he aggressive (10 to 
20 mL/kg/hr for the first hour) if shock is accompanied by a 
normal CVP (<5 cm H 2 0), and it should be curtailed to approx¬ 
imately 1 to 2 mLAg/hr if CVP is 10 to 20 cm H 2 Q . Whole 

blood transfusion is not indicated in most cases because anemia 
usually is not severe, and transfused coagulation factors may 
worsen DIG Sodium bicarbonate is not indicated unless 
metabolic acidosis is severe (pH, 7,15 to 7.20). Broad-spectrum 
antibiotics and aspirin (5 mg/kg daily) should be administered. 
Treatment for DIC is described elsewhere in this text. 

The technique for surgical removal of caval and atrial 
heartworms was developed by Jackson and colleagues. 72 This 
procedure should be undertaken as early in the course of 
therapy as is practical. Often, sedation is unnecessary, and the 
procedure can be accomplished with only local anesthesia. 
The dog is restrained in left lateral recumbency after surgical 
clipping and preparation. The Jugular vein is isolated distally. 
A ligature is placed loosely around the cranial aspect of the 
vein until it is incised, after which the ligature is tied. Alligator 
forceps (20 to 40 cm, preferably of small diameter] are guided 
gently down the vein while being held loosely between the 
thumb and forefinger. The jugular vein can be temporarily 
occluded with umbilical tape. If difficulty is encountered in 
passage of the forceps, gentle manipulation of the dog by assis¬ 
tants to further extend the neck will assist in passage of the 
forceps past the thoracic inlet; medial direction of the forceps 
may be necessary at the base of the heart. Once the forceps have 
been placed, the jaws are opened, the forceps are advanced 
slightly, the jaws are closed, and the worms are removed. One 
to four worms are usually removed with each pass. This pro- 
is repeated until five to six successive attempts are unsuc¬ 
cessful. An effort should be made to remove 35 to 50 worms. 
Care should be taken not to fracture heartworm during 
* extraction. After worm removal, the jugular vein is ligated 
distally, and subcutaneous and skin sutures are placed rou¬ 
tinely. Other catheters, such as urethral stone basket catheters, 
horsehair brushes, snares and flexible alligator forceps have 
also been used. 73 Fluoroscopic guidance, when available, is 
useful in this procedure. 

Successful worm retrieval is associated with a reduction in the 
intensity of the cardiac murmur and jugular pulsations, rapid 
clearing of hemoglobinemia and hemoglobinuria, and normal¬ 
ization of serum enzymatic aberrations. Immediate and latent 
improvement in cardiac function occurs over the next 24 hours, 
It is important to realize that removal of worms does n othing to 
reduce right ventricular afterload (PHT), and hence fluid therapy 
must be monitored carefully before and after surgery to avoid 
precipitation or worsening of right heart failure. Cage rest should 
be enforced for a period of time suitable for individual 

Worm embolectomy through a jugular venotomy is fre¬ 
quently successful in stabilizing the animal, allowing adulti¬ 
cide therapy to be instituted to destroy remaining heartworms 
in a minimum of I month. Careful scrutiny of BUN and 
serum liver enzyme concentrations should precede the latter 
treatment. Aspirin therapy is continued for 3 to 4 weeks after 
adulticide therapy Substantial improvement in anemia should 
not be expected for 2 to 4 weeks after worm embolectomy. 
Macrolide preventative therapy, as described previously, is 
administered at the time of release from the hospital. 

Aberrant Migration 

Although heartworms in the dog typically inhabit the pul¬ 
monary arteries of the caudal lung lobes, they may find their 


way to the right ventricle, and rarely (see Caval Syndrome) 
the right atria and venae cavae. Much less frequently, imma¬ 
ture L5 may aberrantly migrate to other sites, including the 
brain, spinal cord, epidural space, anterior chamber of the eye, 
the vitreous, the subcutis, and the peritoneal cavity, in addn 
tion, the worms may inhabit the systemic circulation, producing 
systemic thromboembolic disease. 12 Treatment of aberrantly 
migrating heartworms requires either nothing (e.g + , peritoneal 
cavity), surgical excision of the offending parasite, adulticidal 
therapy, or symptomatic treatment (e.g., seizure control with 
brain migration) , The method for surgical removal from inter¬ 
nal iliac and femoral arteries has been described. 12 


not 


or 


PROGNOSIS 


The prognosis for asymptomatic HWI is generally good and, 
although the prognosis for severe HWD has to be guarded, 
a large percentage of such cases can be successfully managed.™ 
Once the initial crisis is past and adulticidal therapy has been 
successful, resolution of underlying manifestations of chronic 
HWD begins. The prognosis is poorest with severe DIC, CS, 
massive embolization, eosinophilic granulomatosis, severe 
pulmonary artery disease, and heart failure. After adulticidal 
therapy, intimal lesions regress rapidly. 75 ’ 77 Improvement is 
noted as early as 4 weeks post-treatment in the main pul¬ 
monary artery, with all pulmonary arteries having undergone 
marked resolution within 3 year. Radiographic and arterio- 
graphic lesions of HWD begin to resolve within 3 to 4 weeks, 
and PHT is reduced within months and may be normal within 
6 months of adulticide therapy. Pulmonary parenchymal 
changes are worsened during the 6 months after adulticidal 
therapy and then begin to lessen in severity, with marked res¬ 
olution within the next 2 to 3 months. Persistence of such 
lesions is suggestive of persistent infection. Corticosteroid 
therapy hastens the resolution of these lesions. Likewise irre¬ 
versible renal disease is uncommon, with glomerular lesions 
resolving within months of successful adulticidal therapy 
Signs of heart failure are also reversible with symptomatic 
therapy, cage rest, and successful clearing of infection. 


CONTROVERSIES IN CANINE 
HEARTWORM DISEASE 


Yearly Testing 

The remarkable efficacy of macrolide preventatives and the 
reduced danger of microfilaria-induced reactions with their 
use (see following section on preventatives), have caused 
to question the need for yearly testing. 51 Many experts, however, 
continue to advocate this practice, 10 The issue of yearly testing 
is clearly important because it deals with financial and ethical, 
in addition to medical, issues. The veterinary profession must 
walk the fine line between adequate testing, by which we pro¬ 
tect the public, and excessive testing, by which the public may 
feel M gouged." This is difficult because only sparse scientific 
detail exists to answer this question, and the answer likely dif¬ 
fers by geographic region and even within regions, based 

socioeconomic strata and client compliance. 

Arguments can be put forth both for and against yearly 
testing. 18 Proponents might argue that this practice gets ani¬ 
mals into the clinic yearly (vaccination may not [see Chapters 
163 and 164]), thereby ensuring yearly examination and 
resultant health benefits and income, and provides inexpen¬ 
sive insurance against unrecognized infection caused by poor 
compliance or dogs that surreptitiously expectorate medica¬ 
tions when orally administered. In addition, yearly antigen 
testing is very specific (i.e., little risk of false-positive results) , 
prevents long-term infections from becoming established 


some 


on 
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during the period between heartworm checks, and would 
seem to limit liability to the practicing veterinarian. They 
might well also point out that a recent reports have demon¬ 
strated poor compliance for heartworm prophylaxis nation¬ 
wide, 4 and even though macrolide preventatives provide 
the safety net of the so-called reach-back effect [or retroactive 
efficacy) discussed elsewhere, that this benefit is realized only 
with lapses of less than 3 to 4 months, varies between prod¬ 
ucts, and requires continuous administration for 1 year after 
the lapse. 37 Finally, yearly testing for heartworm antigen is 
useful to pick up latent (infections that have progressed too 
far to be eliminated with preventative but are not patent at 
the time that preventative was prescribed) or incompletely 
eradicated infections. 

On the other hand, the opponent of yearly testing might 
point out that if, as a profession, we emphasize the efficacy 
and importance of preventive agents, we may lose credibility 
by also promoting yearly testing. Additionally the macrolide 
preventatives are very efficacious, possessing reach-back 
potential, in the hands of conscientious clients, and the risk of 
severe adverse reactions in dogs not known to be infected and 
receiving macrolides is small. The reason that adverse reac¬ 
tions are less likely is because most dogs will be rendered 
pharmacologically amicrofilaremic or will have small microfi- 
larial burdens. In addition, the reactions to macrolides in 
microfilaremic dogs are less severe than to DEC. Furthermore, 
the argument can be made that the small worm burdens, most 
likely to result when preventative lapses are brief, will be min¬ 
imally harmful and might even escape detection by immuno¬ 
logic tests, and that the chances of false-positive tests increase 
with low prevalence (as would be expected in a population of 
pets receiving preventative and yearly evaluation). 

The American Heartworm Society addressed this question in 
1995. 78 It stated after the initial retest, if it appears that 
monthly chemoprophylaxis is being given as prescribed, 
retesting at intervals greater than 1 year may be sufficient. 
However, reasonable doubt that administration has been ade¬ 
quate would justify retesting at shorter intervals, perhaps on 
an annual basis. ' Unfortunately little data exist on owner com¬ 
pliance with preventatives, and the data that have been gen¬ 
erated are alarming. Cummings and colleagues 33 surveyed 
dispensing records of 50 veterinary practices in heartworm- 
endemic areas in the United States and found that, based on 
the practices’ own recommendations, only enough medication 
was dispensed to adequately protect 41 % of the canine clients. 
This was largely due to the fact that medication was dispensed 
for less than 50% of the dogs in the practices. It is important 
to add that this study did not identify compliance failure in 
which dispensed medications were not administered or in 
which administered medication was not swallowed. These 
data suggest that the majority of our canine patients should 
undergo yearly testing. Positive test results in this population 
should be carefully scrutinized, however. 


make up for short lapses in therapy or unexpected exposures 
at the beginning or end of the transmission season, thereby 
making the effective period of prevention longer. More impor¬ 
tantly, recent studies have shown that transmission, even in 
heartworm-endemic areas, does not occur during the final 
quarter of the year 2 This is because the mosquito, which is 
generally assumed to live 30 days, requires a minimum aver¬ 
age daily ambient temperature to allow larval development to 
the infectious (L3) stage. This requirement is defined in heart- 
worm development units (HDUs). An HDU is the degree 

days (in °C) that the average ambient temperature surpasses 
the developmental threshold of 14° C (57° F). 2 Restated, for 
each day that the average ambient temperature exceeds the 
threshold, an HDU is attained' if the average temperature is 
1 6° C for 1 day, for example, then 2 HDUs are attained. For 
development of infective larvae, 130 HDUs must be attained 

and, to be effective, these must be attained in the lifetime of 
the female mosquito (-30 days). If the average temperature is 
16° C, for example, it would take 65 days for L3 to develop, 
thereby making transmission impossible. On the other hand, a 
24° C average temperature would allow the molt to L3 to 

occur in 13 days, well within the mosquito's life expectancy. 

In a very innovative approach to this question, Knight and 
Lok 3 surveyed temperature extremes in 200 weather stations 
over a 30-year period and calculated the worst case scenario for 
transmission of he art worms. The resultant isotherm maps 
(Figure 206-17), constructed firom this information indicate 
the month to begin and to cease heartworm preventative 
therapy by geographic region. In only Hawaii, Florida, and the 
southern tips of North Carolina, South Carolina, Georgia, 
Alabama, Mississippi, and Louisiana is yearlong preventative 
deemed necessary. 

Therefore arguments may be drawn against this theory for 
yearlong prevention, or at least for a longer prevention season 
than indicated by the isotherm maps published by Knight and 
Lok. 3 First, though fascinating and backed by scientific fact, 
this represents only a theory, and one that can never be 
proven. It cannot be proven because this would require test¬ 
ing the hypothesis in every locale in the country in an infinite 
number of years and seasonal variation. Second, some aspects 
of the HDU model fall under question: 

* Do all female mosquitoes really live only 30 days? 

* Do some mosquito species live longer than others? 

* Are there not other climatic factors such as humidity that 

play a role in larval development? 

* Are there not microclimates within isotherm regions that 

might allow more HDUs to be attained? 

* Might not mosquitoes seek microclimates (indoors 

perhaps) with temperatures to allow heartworm larval 

development? 

Third, owner compliance has been shown to be less than 
optimal. 32 34 Fourth, the macrolide reach-back effect, which 
protects dogs for which compliance is imperfect, is less than 
] 00% after a 4-month lapse in therapy, varies among preven¬ 
tatives, and requires 12 to 14 months of continuous therapy 
after the lapse. 37 Fifth, sometimes significant differences exist 
in adjacent isotherm regions, rendering decision making con Ris¬ 
ing and potentially hazardous. For example, in Florida, adja¬ 
cent regions exist that require 10 or 12 months of preventative 
treatment. How does an owner or veterinarian know which 
protocol to use? Furthermore, in some areas, the change from 
current recommendations to those based on the isotherm 
maps is minimal. For example, in Wisconsin, current recom¬ 
mendations w f ouId dictate starting heartworm preventative in 
May and continuing through November, whereas the isotherm 
map suggests July through October, a difference of two doses. 
Sixth, animals travel, often to warmer climates during "non- 
transmission" seasons. Seventh, because some macrolides and 
macrolide combination drugs have broad spectra, their use in 
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YEARLONG PREVENTION 


Because of the necessity of the mosquito as an intermediate 
host for HWI, it has been logical and accepted practice to dis¬ 
continue preventatives during the winter months in the more 
northern climates. In warmer climates, where mosquitoes may 
be encountered 12 months of the year, yearlong prophylaxis 
has been the practice. With the advent of monthly, very effec¬ 
tive prophylactic agents, and with improved understanding of 
the temperature dependence of heartworm transmission by 
mosquitoes, this yearlong practice has been called into ques¬ 
tion. 3 Although no supportive data exist, it might be assumed 
that the ease of administration of monthly preventatives may 
improve owner compliance and that the reach-back effect will 
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best care with fiscal responsibility. The fact that our previous 
assumptions have come under some reassessment should be 
brought to the clients' attention, using the points made previ¬ 
ously. It then falls upon the shoulders of the client to deter¬ 
mine if the risk of possible, but generally unlikely, infection is 
worth the savings. 


Macrolide heartworm chemoprophylaxis 
estimated timing of first monthly dose 
1st day of month administration 
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It is now proven that ivermectin (and possibly selamectin) has 
adulticidal efficacy that can approach 100% with prolonged, 
continuous administration, 40 ' 41 - 48 Ivermectin was demonstrated 
to be successful as an adulticide in experimental, young infec¬ 
tions with 31 months' continuous administration, 41 The exact 
role of m acral ides in the management of HWI, other than 
preventatives, is unclear and likely to be a major controversy 
in upcoming years. 

The appeal of macrolides for this use is that it takes the 
veterinarian out of the complication loop. Complications might 
indeed still occur but would not likely be temporally linked to 
the macrolide administration (as they are to arsenic use). In 
addition, reduced cost, patient discomfort, and inconvenience 

are appealing. Arguments against the use of ivermectin in this 
way include the following: 

* Represents an off-label use of ivermectin 

* Requires continuous more than 30 months' compliance 
from a client that often has allowed HWI to occur—often 
by poor compliance 

* Lack of knowledge about the timing and degree of 
exercise restriction necessary; safe use might require 
31 months of continuous exercise restriction 

* Absence of a controlled kill as seen with melarsomine, 
reducing the ability to effectively monitor for adverse 

effects 

* Lack of knowledge as to the effect of chronic antigen 
release from slowly dying adult heartworms on the 
kidneys and lungs 

* Knowledge that macrolide "slow adulticidal therapy" does 
not alleviate the lung disease associated with HWI 79 

* Fact that proven efficacy is only in young 
(<8 months old) experimental HWIs 41 

* Concern that heartworm resistance to ivermectin might 
develop in dogs treated in this manner 50 

At the 2001 American Heartworm Symposium, the audi¬ 
ence and a panel of experts were polled as to their belief as to 
the role of ivermectin as an adulticide in their own practices* 00 
Five percent of the audience and none of the expert panelists 
used only ivermectin for adulticidal therapy. Approximately 
one third of both groups did not or would not use ivermectin 
as an adulticide under any circumstances* Finally, approxi¬ 
mately 70% of the expert panel and 50% of the audience 
stated that they would use ivermectin for this 
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Figure 206-17 Isotherm maps demonstrating the month to 

begin (A) and stop (B) heartworm monthly preventative therapy 

based on data from nearly 200 weather stations (see text for 

detailed description), A zero (0) indicates no preventative neces- 

m sary. (From Knight DH, Lok JB: Seasonal timing of heartworm 

chemoprophylaxis in the United States. In Proc Heartworm 

Sympos '95. Batavia, Ill., American Heartworm Society, 1996 
pp 37-42.) 


other parasite control might argue for their use for longer than 
just the projected heartworm transmission season. Lastly, the 
savings to clients is relatively small. If a client in North 
Carolina goes from yearlong prevention to the Knight-Lok 
recommendation (12-month administration to 7-month 
administration), the savings for a 25 lb dog is about $16.00 

per year. 

The Knight-Lok model has provided new and useful infor¬ 
mation, indicating that the risk in other than prime heart- 
worm season is less than previously believed, and that in some 
instances heartworm prophylaxis is excessive. The Knight-Lok 
model should stand as a suggestion for the timing of prophy¬ 
laxis, with practice erring to the conservative. This 
extending the isotherm map suggestion 1 month in either 
direction and taking the earliest implementation date and the 
latest cessation date surrounding one's geographic region. As a 
profession, we are faced with the dilemma of providing the 


purpose 

only under mitigating circumstances of financial or medical 
constraint. 

The author recommends that melarsomine be the primary 
adulticidal tool and recommends or accepts the use of iver¬ 
mectin in instances where a preventative is necessary in a 
heartworm-positive dog and the owner cannot afford arsenic 
therapy or in which medical conditions preclude its use; in the 
event of residual infection after appropriate treatment with 
melarsomine (assumes low worm burden); and, obviously, in 
unrecognized infections. 
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Feline Heartworm Disease 


Go rke Atkins 






LIFE CYCLE 


(pneumonitis) and pulmonary arteries (Figure 207-2). The 
pulmonary vessels may leak plasma, producing pulmonary 
edema (possibly acute respiratory distress syndrome, ARDS), 
and type II cells proliferate, both potentially altering 0 2 dif¬ 
fusion^ In addition, radiographic findings suggest air trapping, 
compatible with bronchoconstriction. The end result to this 
multifaceted insult is diminished pulmonary function, hypox¬ 
emia, dyspnea, cough, and even death. 


The life cycle of Dirofilaria immitis is similar in the cat and the 
dog (see Figure 206-2). Cats differ, however, in that they are 

not generally the preferred target for feeding mosquitoes, that 
to be infected the mosquito has to have first fed on a canid, 
and that, as an unnatural host, cats are inherently resistant to 
heartworm infection (HWI). Infections in cats therefore tend 
to be infrequent and small. In addition, the life cycle takes 
longer in the cat, such that patency (noted in <20% of cats) 

does not occur until 7 to 8 months postinfection. 


CLINICAL SIGNS 


Cats with HWI may be asymptomatic and, when present, 

clinical manifestations may be either peracute, acute, or 
chronic. 3 '*' 6 * ' 8 Acute or peracute presentation is usually due to 
worm embolization or aberrant migration, and signs variably 
include salivation, tachycardia, shock, dyspnea, hemoptysis, 
vomiting and diarrhea, syncope, dementia, ataxia, circling, 
head tilt, blindness, seizures, and death. Postmortem examination 
often reveals pulmonary infarction with congestion and edema. 
More commonly, the onset of signs is less acute (chronic form). 
Reported historical findings in chronic feline HWD include 
anorexia, weight loss, lethargy, exercise intolerance, signs of 
right heart failure (pleural effusion; rare), cough, dyspnea, and 
vomiting. The author and colleagues have found dyspnea and 
cough to be relatively consistent findings and, when present, 
should cause suspicion of HWD in endemic areas. 8 Chylo- and 
pneumothorax have also been recognized as unusual manifesta¬ 
tions of feline HWD. 

In a report of 50 natural cases of feline HWI in North 
Carolina, presenting signs were most commonly related to the 


PATHOPHYSIOLOGY 


The domestic cat, though an atypical host, can be parasitized 
by D, immitis, with resultant heartworm disease (HWD). The 
clinical manifestations of the disease are different and often 
more severe in this species, but the infection rate is only 5% 
to 20% of that of the dog. * 1 Experimental infection of the cat 
is more difficult than in the dog; less than 25% of L3 reach 
adulthood. This resistance is also reflected in natural infec¬ 
tions, in which feline heartworm burdens are usually less than 
10 and typically only 2 to 4 worms. 2 Other indications of the 
cat's inherent resistance to this parasite are a shortened period 
of worm patency, high frequency of a microfilaremia or low 
microfilaria counts, and shortened life span of adult heart- 
worms (2 to 3 years). 2 Nevertheless, studies have shown a 
prevalence as high as 14% in shelter cats 1 and a study per¬ 
formed at North Carolina State University (NCSU) revealed 
HWD in nine of 100 cats had cardiorespiratory signs. 3 
Furthermore, antibody testing showed 26% of these cats to 
had been exposed to HWI. 3 Similar to dogs, the male cat is at 
higher risk for HWI than is the female. Aberrant worm migra¬ 
tion appears to be a greater problem in cats than in dogs. 

As in the dog, immature L5 may create pulmonary and 
pulmonary vascular disease in cats prior to maturation. 
Uniquely, the disease process develops even in cats that ulti¬ 
mately resist a mature infection, and as in dogs, clinical signs 
and disease antedate clinicians' ability to diagnose the disease 
through conventional means. The pulmonary arterial response 
to adult heartworms is more severe than that of the dog, 
although pulmonary hypertension has infrequently been 
reported. Dillon demonstrated pulmonary enlargement within 

1 week of transplantation of adults, suggesting an intense 

host-parasite interaction. 4 A severe myointimal and eosinophilic 

response produces pulmonary vascular narrowing and tortu¬ 

osity, thrombosis, and possibly hypertension (Figure 207-1). 5 

Because the feline pulmonary artery tree is smaller than that 

of the dog and has less collateral circulation, embolization, even 
with small numbers of worms, produces disastrous results with 
infarction and even death. Although uncommon, cor pul¬ 

monale and right heart failure can be associated with chronic 

feline HWD and is manifested by pleural effusion (hydro- or 
chylothorax), ascites, or both. The lung per se is also insulted 
by HWI, with eosinophilic infiltrates in the lung parenchyma 


Figure 207-4 H&E stain demonstrating large pulmonary artery 

with obstruction of lumen due to severe medial smooth muscle 
hypertrophy and hyperplasia, subintimal and in timal fibrosis, 
endarteritis, and possibly thrombosis. The reader should also note 
the periarterial interstitial (probably eosinophilic) pneumonia. 
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jugular venous distension, dyspnea, and rarely ascites are 
d elected * 


DIAGNOSIS 


The diagnosis of HWI and HWD in cats poses a unique and 
problematic set of issues. 4 First, the clinical signs are often 
quite different from those of the dog. In addition, the overall 
incidence in cats is low, so suspicion is lessened, eosinophilia 
is transient or absent, electrocardiographic findings 
mal, and most cats are amicrofilaremic 

No compelling medical reasons exist to screen cats for 
HWI prior to administration of macrolide 


are mini- 


preventatives 

because the risk of adverse reactions associated with microfi¬ 
laria! death is small (cats are am icro fil aremic or have small 
microfilaria! numbers, and adverse reactions are minimized 
with macrolide preventatives). Nevertheless, screening allows 
the clinician to alert pet owners if their cats have been 
exposed (antibody positive) so that they might pursue confir¬ 
mation of the diagnosis, if they wish. It also minimizes public 
relations problems if the cat develops HWD while on pre¬ 
ventative. In addition, routine screening allows the clinician to 
understand the risk of heartwonn exposure in the practice 
area. The author's approach to routine screening of cats for 
heartworms differs somewhat from that when suspicion of 
infection exists (Figure 207-4, A and ii) T 

Immunodiagnostic methods (Table 206-2) are also imper¬ 
fect in cats because of the low worm burdens (I to 12; mean, 3) 
and hence, antigenic load. In a recent study, enzyme-linked 
immunosorbent assay (ELISA) antigen tests were positive on 
sera from 36% to 93% of 31 cats harboring 1 to 7 female 
heartworms, with sensitivity increasing as female 
burden increased. 9 Cats with male 

detected as positive. Therefore false-negative tests occur fre¬ 
quently, depending on test used, maturity and gender of 
worms, and worm burden. All tests were, however, virtually 
100% specific. It is important to realize that infection with 
signs may be present prior to the presence of detectable anti¬ 
gen (from gravid adult females). McCall and colleagues 10 
report that, in natural infections, the antigen test detects less 
than 50% of cases. Snyder and colleagues 31 present differing 
data (from natural infections in which blood was obtained 


Figure 207*2 Small pulmonary artery from the 
Figure 207-1 showing mild medial hypertrophy. The reader 
should note the extreme perivascular cuff of inflammatory cells 
around the vessel, representing an eosinophilic infiltrate. 


cat seen in 


respiratory system (32 cats; 64%), with dyspnea (24 cats; 48%) 
being most often noted, followed by cough (19 cats; 38%) 

and wheezing (Figure 207-3}.* Vomiting was reported in 17 
(38%) cats and was noted frequently in 8 (16%). Five (10%) 
heartworm-infected cats were reported to have exhibited 
vomiting without concurrent respiratory signs and vomiting 
a presenting sign in seven (14%). Neurologic signs (including 
collapse or syncope [10%]) were reported in seven (14%) cats. 
Five (10%) of the cats were dead at the time of presentation* 
Murmurs were infrequently noted in cats that did not have 
concurrent heart disease, independent of HWI, Heart failure 

present in one cat, but it had concurrent hypertrophic 
cardiomyopathy HWI was considered to be an incidental 
finding in 14 (28%) of the cats in this study. 

% Physical examination is often unrewarding, although a 
murmur, gallop, or diminished or adventitial lung sounds (or 
a combination of these findings) may be noted. In addition, 
cats may be thin, dyspneic, or both. If heart failure is present, 


was 


worm 

worm or worms were not 


was 


as 


60 


50- 


-48 




40 - 
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Figure 207-3 Clinical signs recorded in 
50 cats with proven heartworm infection 
(HWI). Freq, Freq uent; CJV5, cen tral n ervous 
system signs (e + g., seizures, ataxia, circling). 
(From Atkins CE et al: Heartworm infection in 
cats: 50 cases [1985-1997). J Vet Med Assoc 

217:355-358, 2000.) 
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long as 2 hours posteuthanasia) that show that the antigen 
test is more sensitive than previous reports (74%) indicated. 
Recently an antigen test (IDEXX's SNAP® Feline Heartworm 
Antigen Test) has been marketed for cats. This is an adapta¬ 
tion of the canine test, with a reported increase in sensitivity 
of 15% over conventional antigen tests. Although less specific, 
heartworm antibody tests may be of use in the detection of 
feline HWI, even when antigen tests are negative. The antibody 
test may also he useful as a marker for exposure to HWI, even 
if the cat never develops a mature infection. Two in-clinic feline 
heartworm antibody tests are available (HESKA™ SOLO 

STEP™ FH and Synbiotics' WITNESS® FH)> 

Thoracic radiographs have been suggested as an excellent 
screening test in cats. However, Schafer and Berry 12 showed 
that the most sensitive radiographic criterion (left caudal pul¬ 
monary artery' greater than 1.6 times the ninth rib at the ninth 
intercostal space on the ventrodorsal projection) was only 
detected 53% of cases. Furthermore, even though most cats 
with clinical signs have some radiographic abnormality, the 
findings are not specific to HWD. In addition, a study by Selcer 
and colleagues 13 demonstrated that radiographic findings were 
often transient, and radiographic abnormalities were found in 
cats that ultimately resisted heartworm maturation and were 

negative on postmortem. Radiographic findings include 

enlarged caudal pulmonary arteries (Figure 207-5), often with 
ill-defined margins, pulmonary parenchymal changes that 
include focal or diffuse infiltrates (interstitial, bronchointersti- 
rial, or even alveolar), perivascular density, and occasionally, 
atelectasis (Figures 207-6 and 207-7). Pulmonary hyperinfla¬ 
tion may also be evident, and the misdiagnosis of feline 
bronchial disease can easily be made (see Figures 207-5, A t 
and 207-6, A). Pulmonary angiography has also been used 


to demonstrate radiolucent linear intravascular foreign 
bodies and enlarged, tortuous, and blunted pulmonary arteries 

(Figure 207-8). 

Echocardiography, in the author s experience, is more sensi¬ 
tive in cats than in dogs. 3 14 Typically, a double-lined echodensity 
is evident in the main pulmonary artery, one of its branches, the 
right ventricle, or occasionally at the right atrioventricular (AV) 
junction (Figure 207-9). The author and colleagues found 
heartworms by echocardiography in 78% of nine cases, 3 as did 
Selcer and colleagues in 16 experimental infections, 13 
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TREATMENT AND PREVENTION 


The question arises as to whether heartworm prophylaxis is 
warranted for cats because they are not the natural host and 
because the incidence is low. Necropsy studies of feline HWI 
in the Southeast have yielded a prevalence of 2.5% to 14%, 
with a median of 7% (Figure 207-10} J When considering the 
question of institution of prophylaxis, it is worth considering 
that this prevalence approximates or even exceeds that of 
feline leukemia virus (FeLY) and feline immunodeficiency 
virus (FTV) infections. 15 A 1998 nationwide antibody survey 
of over 2000 largely asymptomatic cats revealed an exposure 
prevalence of nearly 12% (Figure 207-11). 16 It is also note¬ 
worthy that, based on owners' information, nearly one third 
of cats diagnosed with HWD at NCSU were housed solely 
indoors. 8 Lastly, the consequences of feline HWD are poten¬ 
tially dire, with no clear therapeutic solutions. Therefore the 
author advocates preventative therapy in cats in endemic 
areas. Three drugs with FDA approval are marketed for use 
in cats (Table 207-1). Ivermectin is provided in a chewable 


Routine Screening for Feline Heartworm Infection 


Antibody 


Positive 


Negative 


i 


No heartworm infection 
or low heartworm burden 


Antigen 


Positive 


N egati ve 


i 


i 


A 


Possible heartworm 

infection 


Heartworm infection 


Preventative okay 


I 


i 


* Start preventative 

* Treat symptomatically, 
as needed 


Perform { optional): 

* Complete blood count 

* Thoracic radiography 

* Echocardiography 

* Microfilaria tests 
Start: 

* Preventative 


Figure 207-4 A, Algorithm demonstrating the author's approach to screening cats for heart- 
worm infection (HWI). B, Algorithm demonstrating the author's approach to the diagnosis of 

Con tinued 


HWI in cats in which infection is suspected. 
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Diagnosis in Cats Suspected to Have Heartworm infection 


Antibody and antigen test 




Negative antigen 
Positive antibody 


Positive antigen 


Negative antigen 
N egat i ve ant i body 


Cat exposed to heartworm 
Heartworm infection 

unlikely 


Exposure to heartworm 

unlikely 

Heartworm infection 

unlikely 


Heartworm infection 


preventative 
Treat as needed 
Perform other tests (e,g*, 
thoracic radiographs and 

blood tests) 


Perform (as clinical signs 

dictate): 

* Repeat antigen test 

* Complete blood count 

* Thoracic radiography 

* Echocardiography 

* Microfilaria test 

* Non selective 
angiography 


Perform additional tests 
(as clinical situation 
dictates; false-negative 
results do occur) 


B 


preventative 


Start pre ve ntative 


Positive antigen or 
positive microfilaria test or 
positive echocardiogram 
or positive nonselectrve 
angiogram (NSA) 


Negative antigen 
Negative microfilaria test 
Negative echocardiogram 

Negative NSA 


Eosinophilia or thoracic 
radiographic findings 

suggestive 


Heartworm infection 

unlikely 


Presumptive diagnosis 
of heartworm infection 
may be made as a result 
of din loaf signs 


Heartworm infection 


Continue preventative 
Treat as needed 


Continue preventative 
Treat as needed 


Continue preventative 


Figure 207-4 ContU 


formulation, milbemycin as a flavored tablet, and sekmectin 
(a broad-spectrum parasiticide) comes in a topical formula¬ 
tion, The spectrum and the formulation of these products 
varies; hence the clients' individual needs are easily met in 

most cases (Table 207-1}* 

Because the vast majority of cats 


(sodium caparsokte}, if available, poses risks even in normal 
cats* Turner, Lees, and Brown 17 reported death due to pul¬ 
monary edema and respiratory failure in 3 of 34 normal cats 
given thiacetarscmide (2.2 mg/kg twice over 24 hours), Dillon 
and colleagues 1 R could not confirm this acute pulmonary reaction 
in 12 normal cats receiving thiacetarscmide, but one cat did die 
after the final injection. More importantly, a significant, though 
unquantified, percentage of cats with HW1 develop pulmonary 


are amicrofilaremic, 

microfilaria da! therapy is unnecessary in this species* The 
of arsenical adulticides is problematic. Thiacetarsemide 
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Figure 207-5 A, Lateral thoracic radiograph from a cat with heartworm disease (HWD). A fine 

interstitial pattern is seen in the caudal lung lobes, and the chest is somewhat hype ri n fl ated, rhis 
radiographic pattern is similar to and hence confused with that of feline bronchial disease. 
B, Dorsoventral thoracic radiograph from the same cat shown in A* Again f the changes are not dra¬ 
matic, but the right caudal lobar pulmonary artery is 

intercostals space; arrows). The opposite pulmonary artery can be seen to be somewhat tortuous. 


1 ’*1 
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Figure 207-6 A, Lateral thoracic radiograph ol a cat with heartworm disease (HWD) and cough. 


4 - R 




P 


infiltrate The right ventricle is mildly enlarged. B, Dorsoventral thoracic radiograph from the same 
cat shown in A. The pulmonary infiltrate is more readily appreciated in this view in the right caudal 
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Figure 207-7 Lateral thoracic radiograph of a cat with severe 
respiratory distress and heartworm disease (HWD). The reader 
should note the alveolar infiltrate in the ventral thorax and the 
less severe interstitial infiltrate more dorsal!y in caudal lung lohes. 
This severe lung disease is probably due to heartworm death and 
may represent acute respiratory distress syndrome (ARDS). 


Figure 207-9 A short-ax is, two-dimensional echocardiogram 

obtained from an 18-ycar-old castrate male, feline cancer patient 
with an asymptomatic murmur. An adult heartworm can be iden¬ 
tified by two echo-dense parallel lines, in the right pulmonary 

artery (arrow). Ao, Aorta; RPA, right pulmonary artery; LPA W left 
pulmonary artery 


thromboembolism (PTE) after adulticidal therapy 4 -? This 
occurs several days to 1 week after therapy and is often fatal 

In 50 cats with HW1, seen at NCSU, 11 received thiac- 
ctarsemide There was no significant difference in survival 
between those receiving thiacetarsemide and those receiving 
symptomatic therapy. @ 


Data on melarsomine in experimental (transplanted) HW1 
in cats are limited and contradictory. Although an abstract 
report exists in which one injection (2.5 mg/kg; one half the 
recommended canine dose) of melarsomine was used in 
experimentally infected cats without treatment-related 
tality, the worm burdens after treatment were not significantly 
different from those found in untreated control cats. 19 
Diarrhea and heart murmurs were frequently noted in treated 
cats. A second abstract report, using either the standard canine 
protocol (2.5 mg/kg twice over 24 hours} or the split dose 
(one injection, followed by two injections, 24 hours apart, in 
1 month) described in Chapter 206, gave more favorable results. 20 
The standard treatment and split-dose regimens resulted in 79% 
and 86% reduction in worm burdens, respectively, and there 
were no adverse reactions. Although promising, these unpub¬ 
lished data need to be interpreted with caution because the 
transplanted worms were young (<8 months old and 
susceptible), and the control cats experienced a 53% worm 
mortality (average worm burden was reduced by 53% by 
the act of transplantation). Additionally, the clinical experi¬ 
ence in naturally infected cats has been generally unfavorable, 
with an unacceptable mortality Because of the inherent 
risk, lack of clear benefit, and the short life expectancy of 
heartworms in this species, this author does not advocate 
adulticidal therapy in cats. Surgical removal of heartworms 
has been successful and is attractive because it minimizes 
the risk of thromboembolic The mortality seen in the only 
published case series was, unfortunately unacceptable (two of 

five cats). 21 This procedure may hold promise for the future, 
however. 


mor- 


% 


more 


Figure 207-S Nonselective angiogram obtained from cat with 
heartworm disease (MWD).The reader should note the enlarged 
main pulmonary artery (open arrow) and the enlarged, tortuous, 
and blunted caudal pulmonary arteries (arrows). Careful scrutiny 
reveals linear radiolucencies in the right caudal pulmonary artery, 
(Photograph courtesy Dr Kathy Spaulding. From Atkins CE: 
Heartworm disease. In Allen DC fed]' Small Animal Medicine. 

Philadelphia, JB Lippincott Co, 1991, pp 341-363. * 


Cats with HW1 should he placed on a monthly preventa¬ 
tive and short-term corticosteroid therapy (prednisone at \ to 
2 mg/kg every 48 hours, three times a day) used to 


manage 

respiratory signs. If signs recur, alternate-day steroid therapy 
(at the lowest dose that controls signs) can be continued 
indefinitely. For embolic emergencies, oxygen, corticosteroids 
(dexamethasone at 1 mg/kg intravenously or intramuscularly 
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Prevalence of D. immitis in Cats in the USA 

1939-2000 
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Figure 207-10 Necropsy prevalence of heart- 
worm infection (HWI) in shelter cats. The shaded 
states are those in which such studies have been 
completed. One Michigan study, which showed a 
prevalence of 2%, was an antigen study. (Adapted 
from Ryan WG, Newcomb KM: Prevalence of feline 
heartworm disease—a global review. In Soil MD, 
Knight DH feds]: Proc Heartworm Symposium '95. 
Batavia, 111. p American Heartworm Society, 1996.) 
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options are limited, at conventional doses (80 mg orally, every 
72 hours), aspirin is generally harmless, inexpensive, and conve¬ 
nient. Because the quoted studies were based on relatively insen¬ 
sitive estimates of platelet function and pulmonary arterial 
disease (thereby possibly missing subtle benefits), the author 
continues to advocate aspirin for cats with HWT. Aspirin is not 
prescribed with concurrent corticosteroid therapy. Management 
of other signs of HWD in cats is largely symptomatic 


prednisolone sodium succinate at 50 to 100 mg intra- 
venously/cat), and bronchodilators (aminophylline at 6.6 mg/kg 
intramuscularly every 12 hours, theophylline sustained release 

at 25 mg/kg orally or terbutaline at 0.01 
neously) may be used, Bronchodilators have logic, based on the 
ability of agents, such as the xanthines (aminophylline and 
theophylline), to improve function of fatigued respiratory 
muscles. In addition, the finding of hyperinflation of lung 
fields may indicate bronchoconstricticm, a condition for which 
bronchodilation would be indicated. Nevertheless, this author 
does not routinely use bronchodilators in feline HWD. 

The use of aspirin has been questioned because vascular 
changes associated with HWI consume platelets, increasing 
their turnover rate and effectually diminishing the antithrom¬ 
botic effects of the drug. Conventional doses of aspirin did not 
prevent angiographic ally detected vascular lesions. 3 * Doses of 
aspirin necessary to produce even limited histologic benefit 
approached the toxic range. Despite this, because therapeutic 


or 


mg/kg subcuta- 


PROGNOSIS 


In the aforementioned study of 50 cats with natural HWI, at 
least 12 cats died of causes other than HWD. Seven of these 

and two living cats were considered to have survived HWD 
(lived >1000 days), 8 The median survival for al! heartworm- 
infeeted cats living beyond the day of diagnosis was 1460 days 
(4 years; range, 2 to 4015 days), whereas the median survival of 


Percent Antibody Positive by Region 


Figure 207-11 Prevalence (%) of heart- 

worm exposure (positive antibody test) in 
over 2000 largely asymptomatic cats in 
19 states (21 regions), NNJ, 

Jersey; CNJ t central New Jersey; LI, Long 
Island, NY. (Adapted from Miller MW 
et al: Prevalence of exposure to Dirofilaria 
immiris in cats from multiple areas of the 
United States. In Soil MD, Knight DH 

[eck]: Proc Heartworm Symposium '98. 
Batavia, Ill., American Heartworm 

Society, 1998; pp 161-166. 
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Table 207-1 


Comparison of Spectra ofMacroUdes Currently in Use in Cats 


DRUG 


HW 


HOOKWORMS WHIPWORMS ROUNDWORMS TAPI WORMS 


PLEAS EGGS 


TICKS SARCOPTE5 EAR MITtS 


Ivermectin 

(chewable) 
Milbemycin 
(flavored 
tablet) 
Selamectin 
(to p i co I) 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+/+ 


+ 


+ 


+ 


+ 


HW , Heartworm prevention. 


ail cats (n = 48 with adequate follow-up) was 540 days (1.5 yean; 
range, zero to 4015 days). Survival of 11 cats treated with sodium 
caparsolate (mean, 1669 days) was not significantly different 
from that of the 30 managed without adulticide (mean, 1107 
days). Likewise, youth (<3 years of age), presence of dysp 


cough, E LI $ A - positi vi ty for heartworm antigen, presence of 
echocardiographically identifiably worms, or gender of the cat 
did not appear to affect survival, 8 The effect of HWI 
survival has been compared with that of other cardiovascular 

diseases (Figure 207-12). 23 
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Figure 207-12 Median survival from four previous reports for cats with varying cardiovascular 
diseases. Median survival shown 


as 5 years was actually more than 5 years. HCM, Hypertrophic 
cardiomyopathy; A-HCM, asymptomatic hypertrophic cardiomyopathy; CHI; hypertrophi: 
cardiomyopathy with heart failure, SAE, hypertrophic cardiomyopathy with systemic embolism; 
A Fib t atrial fibrillation; HW-All, heartworm infection, all cases; HW>1, heartworm-infection with 
survival beyond day 1; HBP t hypertension. (From Atkins CE et al: Prognosis in feline heartworm 
infection: comparison to other cardiovascular disease. In Seward LR, Knight DH [edsj: Proc 
Heartworm Symposium '01. Batavia, 111, American Heartworm Society, pp 41-44.) 
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be used is guided by consideration of the anatomic location of 
interest, anticipated lesion, status of patient health, available 
equipment, and operator experience. After percutaneous or 
surgical arterial cutdown, a catheter is directed under fluoro¬ 
scopic guidance to the desired location and contrast agent is 
injected by hand or by the use of a mechanical injecting device. 
Images are acquired using mechanical rapid film changers or 
digitally The advantages of digital angiography include rapid rate 
of acquisition, postprocessing cap abilities, and reduced exposure 
to radiation, 3 Digital subtraction angiography may be used to 


eripheral vascular disease denotes disorders of peripheral 
vessels including arteries, arterioles, veins, venules, and 
lymphatics (Box 208*1). Vascular lesions may result from 
primary vascular pathology or occur secondary to conditions 
originating in unrelated tissues or organ systems [Box 208*2). 
Resultant conditions may remain asymptomatic with little or 
no effect on morbidity and mortality, or they may progress to 
become life threatening. The development of newer imaging 
techniques, including improvements in diagnostic ultrasound, 
has provided accessible methods to clinically characterize 
these disorders. Vascular abnormalities have been classified 
according to the type of vessel affected and functional signifi* 

of associated lesions (see Boxes 208-1 and 208-2). 


P 


cance 


208-1 


o 


TECHNIQUES USED TO EVALUATE PERIPHERAL 
VASCULAR DISEASE 


Peripheral Vascular Diseases 


Diseases of Arteries and Arterioles 

Occlusive diseases 
Arterial embolism 
Arterial thrombosis 
Angiitis, vasculitis 
Vasospasm, traumatic, toxic 
Diabetic arteriopathy 
Nonocclusive diseases 

A rteri o veno u s (A-V) fistu I a 

Arterial aneurysm 

Arterial calcification 

Arteriosclerosis, hyalinosrs, amyloidosis 

Atherosclerosis 

Vasculitis 


Angiography 

Angiography is the gold standard far evaluating peripheral 
vascular disease owing to its superior ability to characterize 
and visualize normal and abnormal vascular anatomy. 3 

Diagnostic outcome requires careful attention to three impor¬ 
tant elements: (1) selection of radiopaque contrast agent, 

(2) technique for vascular delivery of contrast material, and 

(3) high-quality radiographic imaging. 

Factors to be considered when selecting a contrast agent 
include patient safety, image quality, and cost. The features of 
safety and efficacy are somewhat related to the ionic composi¬ 
tion of these materials. High osmolar ionic compounds include 
the diatrizoate and iothalamate salts (Conray, MaUinekrodt) 
(Renografin, Amersham Health). Low osmolar ionic compounds 
include iohexol (Omnipaque, Amersham Health), iopamidol 
(IsoVue), and ioversoi (Optiray, Mallinekrodt), Low osmolar non- 
ionic compounds include ioxaglate (Hexabrix, Mallinekrodt). 
Lower osmolar agents, both ionic and nonionic, are generally 
tolerated best by patients, particularly those sensitive to an 
increase in intravascular volume or having advanced cardiac dis¬ 
ease [high osmolar compounds can generate a greater osmotic 
load).2 Nonionic agents also have reduced risk of contrast-related 
anaphylactoid reactions such as urticaria, flushing, coughing, 
dyspnea, peripheral edema, and a sudden drop in blood pres- 

Contrast related nephrotoxicity is independent of the 
contrast agent used but can be reduced by maintaining appro¬ 
priate patient hydration and minimizing the dose of contrast 
agent used during the imaging study. 4 Low osmolar agents are 
generally more expensive than high osmolar agents. 

Arterial angiography, often performed using carotid or 
femoral arterial access, can be performed to evaluate normal 
abnormal arterial vascular anatomy preoperatively; to assess 
vessels for occlusive disease including thromboembolism (TE); 
and to detect or characterize inherited or acquired lesions 
including peripheral aneurysms, vascular tumors, traumatic 
injury, and shunts. The specific catheterization technique to 


Diseases of Veins 

Phlebectasia 

Varicosis 

Phlebitis and thrombophlebitis 
Venous thrombosis 
Venous malformations 


Diseases of Lymphatics 

Lymphangitis 
Lymphedema 
Ly m pha n g i ectasia 

Lymphatic hypoplasia, aplasia, hyperplasia 
Lymphangioma, lymphocysts 
Ly m ph a n g iosa rco n>a 




or 


Tumors of Peripheral Blood Vessels 

Angioma, hemangioma, hemangiosarcoma 
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and meglumine diatrizoate (Renografin, Hypaque) is injected 
slowly into the vessel. Because water-soluble contrast media 
rapidly diffuse through lymphatic walls into surrounding 
tissues, the radiographic detail is blurred unless radiographs 
are taken shortly after dye injection. Alternatively, oily iodine- 
containing contrast agents (Li pi odd] are used, reducing leak¬ 
age of contrast from the lymphatic vessels. The oily contrast 
agents are sequestered within the lymphatics and lymph 
nodes along the draining pathways. 1 Patency of the lymphatic 
channels can be appreciated in addition to the size of regional 
lymph nodes. Metastatic disease to the lymph nodes (or gran¬ 
ulomas) appears as filling defects within the contrast-filled node. 

Lymphangiography can also he used to identify the location of 
lymphatic leakage, 1 

Diagnostic Ultrasound 

Ultrasound imaging provides a direct, non invasive technique 
for assessing anatomic abnormalities, vascular patency, and 
Function A 7 Ultrasound can aid in the diagnosis of peripheral 
arterial occlusion, central and peripheral arteriovenous (A-V) 
fistulas, venous thrombosis, aneurysms, traumatic vascular dis¬ 
ease, and com pression of vascular structures from local disease 
p racesses. 

Duplex ultrasonography incorporates gray-scale two- 
dimensional imaging, with pulsed wave (PW) and color flow 
Doppler techniques. Thrombi, foreign bodies, compression, 
and abnormal vascular anatomy can be identified with two- 
dimensional imaging. Color Doppler superimposed on the 
two-dimensional image can further help define anatomy and 
identify turbulence associated with vascular malformation 
and stenotic lesions. Normal arterial flow is laminar with the 
highest velocity recorded centrally, and the respective color 
Doppler image has a homogenous appearance. Arterial steno¬ 
sis increases blood flow' velocity across the narrowed lumen 
with corresponding change in color Doppler signal at and 
distal to the stenosis. PW Doppler velocity 

made along the length of the artery in question and at areas 
interest indicated from color flow Doppler interrogation* 
PW Doppler imaging may help assess the degree (severity) of 
vascular narrowing by estimating the gradient across the steno¬ 
sis by the modified Bernoulli equation: gradient (mm Hg) = 
(maximal velocity} 2 x 4. Moreover, arterial blood flow results 
in characteristic Doppler waveforms (a rapid forward flow 
component during systole, transient reversal of flow during 
early diastole, and a prolonged slow forward flow during late 
diastole)* With mild to moderate vascular stenosis, character¬ 
istic changes in the PW Doppler waveform include accelera¬ 
tion of peak systolic velocities and loss of diastolic flow 
reversal distal to the stenosis. Of course, with complete steno¬ 
sis, blood flow is interrupted. 8 

Magnetic Resonance Imaging 

Magnetic resonance angiography (MRA) is a safe, non invasive 
imaging technique that may be useful to evaluate the periph¬ 
eral arterial system. In human medicine, both contrast and 
noncontrast MRA methods have been applied for planning 
interventional procedures (e.g*, stent placements) in patients 
with peripheral vascular disease*^ 10 Unlike other vascular 
imaging techniques, noncontrast MRA displays blood flow 
and not the blood vessel itself Limitations of noncontrast 
MRA include time of acquisition, variation of blood flow 
characteristics (e.g,, diastolic flow reversal) in diseased vessels, 
and retrograde filling of arteries during complete occlusion 
resulting in artifacts and reduction of net forward flow on the 
image. Contrast-enhanced angiography using a non-nephrotoxic 
contrast material eliminates many of the previously mentioned 
limitations. Advantages of contrast-enhanced MRA include 

shorter acquisition times, high spatial resolution, and high signal- 
to-noise ratios, 10 
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Causes of Peripheral Lymphatic Disorders 


Lymphangitis, Lymphedema, Lymphadenitis, 

Ly m pbad e nopat hy 

Infection 

Neoplasia 

Reactive hyperplasia 
Granuloma 


Lymphedema 

Primary developmental abnormality of lymphatics 
Hypoplasia 

Aplasia 

Lymphangiectasia 

Hyperplasia 

Secondary acquired abnormalities of lymphatics 
Surgical excision of lymphatics or lymph nodes 

Posttraumatic lymphangiopathy 

Neoplastic invasion 

Extrinsic compression of lymph vessels or tissue 
Acute obstructive lymphadenitis 
Chronic sclerosing lymphadenitis/lymphangitis 
Lymphatic atrophy with interstitial fibrosis 
Radiation therapy 


Lymphocysts 

Cystic hygroma, lymphoceles, pseudocyst 
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measurements are 


or 


cancel out portions of an image and thereby improve visual¬ 
ization of structures of interest. 

Venous angiography is generally less challenging than arte¬ 
rial angiography, owing to easier access and lower pressures of 
the venous system. A small intravenous line is placed in a 
superficial vein distal to the site of the vascular lesion and con¬ 
trast material is injected. Images are obtained similarly to arte¬ 
riography. This technique is often selected to detect 
clots (appearing as vascular filling defects) or stenosis. The 
presence of prolific collateral vasculature can indicate chronic 
obstraction. Contrast venography of the cranial and caudal 

be performed to assess caval patency that may 

variety ot neoplastic, compressive, 


venous 


vena cava can 


be associated by a 
thrombotic disorders. 

Lymphangiography helps to permit local assessment of the 
lymphatic system. The technique of indirect lymphangiogra¬ 
phy relies on the contrast agent, which is infused into tissue, 
to he selectively absorbed and transported through lymphatic 
channels." Direct lymphangiography is more challenging (unless 
lymphangiectases have formed) but provides superior results 
when successfully performed* Selective lymphatic cannula- 

the lymphatic region of 
interest* (The identification of lymphangiectases may be facil¬ 
itated by subcutaneous injection of vital dyes [e.g., 3% Evans 
blue dye or 11 % patent biue violet] into the toe web. By selec¬ 
tive resorption of these dyes, the main lymphatic channels 
proximal to the metacarpus 


or 


tion requires aseptic cut down over 


or metatarsus become grossly 
outlined.) The lymphatic vessel is then cannulated with a 
27- or 30-gauge needle or a special lymphatic cannula. 5 An 
iodine-containing soluble contrast medium such as sodium 
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MECHANISMS OF THROMBOSIS 
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Hemostasis is a complex process that involves blood vessels, 
platelets, coagulation proteins, naturally occurring anticoagu¬ 
lants, and platelet inhibitors. Thrombosis results when one ot 

components of the hemostatic cascade are perturbed, 
tipping the balance between coagulation and fibrinolysis 
in favor of coagulation. Physiologic alterations leading to the 
formation of thrombi have frequently been classified into three 
main categories: (1) alterations in blood flow, (2) damage to 

lar endothelium, and (3) changes in coagulation proteins 

and platelets, resulting in hypercoagulability. 

Normal flow of blood through blood vessels is laminar, 
with the rapidly flowing red blood cells (RBCs) in the center 
of the vessel. Platelets and white blood cells (WBCs) are sus¬ 
pended in the blood near the vessel wall. Normal laminar flow 
be disrupted by changes in the diameter of the vascular 
lumen and blood velocity, resulting in simultaneous regions of 
blood stasis and turbulence (e.g,, a th e rosclerosis). When blood 
stasis occurs, increased contact occurs between platelets, coag¬ 
ulation factors, and the endothelium, thus promoting coagula¬ 
tion. Turbulent flow also causes a denuding endothelial injury 
that eliminates the anticoagulant function of the endothelium 

and promotes thrombus formation. 11 

Because under normal conditions the endothelium plays an 
important role for anti coagulation, factors that cause endothe¬ 
lial injury or dysfunction promote thrombosis. For example, 
the presence of atherosclerotic plaques is a well-known risk 
factor for thrombosis in humans and hypothyroid dogs, fn 
addition, elevated levels of homocytseine (a sulfur-containing 
amino acid produced by the metabolism of methionine) act as 
a thrombogenic agent by promoting vascular smooth muscle 
cell proliferation and inhibition of endothelial cell growth. 
Hyperhoniocystememia is a risk factor for thromboembolic 

disease in humans 12 and possibly, cats. 

Disorders that result in an imbalance of the hemostatic 

termed 
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11,14 


system toward the development of thrombosis 
kypercoagulable, a physiologic alteration linked to the devel¬ 
opment of thrombosis. Either increased activity of platelets 
and coagulation factors or decreased activity of naturally 
occurring anticoagulants such as anti thrombin III can result in 
hy perco agul abi lity* 

When a thrombus becomes dislodged from the site 
mation, it moves to a distal site (i.e*, embolizes). Clinical con¬ 
sequences are generally related to local or systemic effects 
associated with resultant end-organ ischemia. Arterial TE can 
result in many organ systems. Venous thrombi may dislodge, 
resulting in pulmonary TE, or can result in local disruption of 
blood flow and venous stasis. 




n 
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Arterial Thromboembolism 

Vascular thrombosis is most readily identified when arteries 
affected, and the clinical consequences are generally acute 
and severe. The aortic trifurcation is one of the most common 
locations for arterial TE in cats 15 and dogs (Figure 208-1), 
Atherosclerosis leads to the majority of human thromboem¬ 
bolic disease and is most commonly localized to the carotid, 

cerebral arteries. 16 The differences in cholesterol 


Figure 208-1 A, Gross heart dissected to illustrate the left ven¬ 
tricular outflow tract, from a dog that experienced acute posterior 
paresis, An extensive pedunculated mass (tumor) is present from 
the sinus of Valsalva and extending through the ascending aorta, 
B, Distal aorta from this dog containing a saddle embolus. 


coronary, or 

metabolism in dogs and cats may partially explain the low fre- 

of atherosclerotic-related arterial TE in veterinary 


[Figure 208-3) and have been termed red thrombi. Venous 
thrombosis frequently causes fewer clinical abnormalities 
than arterial thrombosis and consequently is frequently unde¬ 
tected. Deep venous thrombosis, a major risk factor for pul¬ 
monary TE in over 90% of cases in humans, is not known to be 
a risk factor for pulmonary TE in animals. Pulmonary TE 

in several disease states associated with hypercoagulability. These 
include nephrotic syndrome, hyperadrenocorticism, immune- 
mediated hemolytic anemia (1MHA), thrombocytosis, cardiac 
disease, sepsis, disseminated intravascular coagulation (DlC), 


quency 

patients compared with humans. Most thrombi are formed in the 

left heart and emholize distally (see Figure 208-1; Figure 208-2). 
Thrombi formed in the arterial system where the blood flow 1 
rate is high consist primarily of platelets and have been termed 
white thrombi* 


occurs 


Venous Thromboembolism 

Thrombi formed in the venous circulation under low blood 
flow conditions are composed oi fibrin and erythrocytes 
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CLINICAL DISORDERS FREQUENTLY ASSOCIATED 
WITH THROMBOEMBOLIC DISEASE 


Hypercoagulable States 

Many systemic and metabolic diseases are associated with 
increased risk of arterial or venous thrombosis andTE. Primary 
hypercoagulable states refer to congenital abnormalities 
increasing the risk for thrombosis. Primary hypercoagulable 

states remain poorly characterized and are infrequently recog¬ 
nized in animals. 

Secondary hypercoagulable states refer to risk factors that 
promote the development of thrombosis, 16 Table 2G8-I lists 
causes and predisposing factors of thrombus and TE. 
Secondary hypercoagulable states resulting in TE have been 
described in a variety of systemic and metabolic diseases. 


an 


Disseminated Intravascular Coagulation 

D1C is a specific pathologic process that involves the devel¬ 
opment of thrombi in the microvasculature and the general¬ 
ized consumption of platelets and coagulation factors. This 
results in simultaneous hemorrhage and thrombosis, ischemia, 
and multiorgan failure. DIC is characterized by overwhelming 
thrombin and plasmin activation. Various unrelated diseases 
associated with DIC are unified by unregulated activation of 
mononuclear cell cytokines initiating simultaneous coagula¬ 
tion and fibrinolysis. Multiple cytokines are believed to be 
responsible for the initiation of DIC through induction of 
tissue factor expression on monocytes and endothelial cells. 16 
Tumor necrosis factor (TNF)-alpha and interleukin-6 (IL-6) 
are two of many cytokines involved in the pathogenesis of 
DIC. Cytokines also inhibit natural anticoagulants including 
protein C and S complex, tissue factor pathway inhibitor, and 
anti thrombin III, Cytokines affect endothelial integrity, pro* 
moting platelet adhesion and resulting in increased levels of 

plasminogen activator inhibitor-! (PAI-1) and promote fibrin 
deposition, 11 

DIC occurs in patients with a wide variety of clinical dis¬ 
orders. Heatstoke, sepsis, pancreatitis, neoplasia, immune- 
media ted disease, trauma, and toxin exposure are common 
inciting causes of DIC, The trigger causing DIC in these seem¬ 
ingly unrelated syndromes may be systemic inflammatory 
response syndrome and the production of pr©inflammatory 
cytokines including but not limited toTNF, IL-1, and IL-8. 27 
The most important step in treating DIC is elimination of the 
underlying pathologic condition or triggering mechanisms and 
the conditions that promote this hypercoagulable 
Anticoagulants have been advocated, although clinical data 
regarding efficacy are lacking. 


Figure 208-2 Kidney from the dog in Figure 208-1. Extensive, 

acute hemorrhage is seen that is associated with renal infarction. 


bcartworm disease, and neoplasia. 17 ' 24 Antithromhin III defi¬ 
ciency may be involved in thrombogenesis as part of a number 
of these diseases. For example, destruction of RBCs in IMHA 
releases thrombogensc substances. 24 Antithrombin III inacti¬ 
vates thrombin and other clotting factors, and even a mild 
reduction in antithrombin II! can result in thrombosis orTE. 
A deficiency of anti thrombin III can be secondary to 
decreased synthesis (c,g. r congenital), increased consumption 
(e,g. f DIC), loss of antithromhin from the intravascular 
partment {e.g., nephrotic syndrome), and increased protein 
catabolism (e.g,, Cushing's disease). Protein C and protein S 
are vitamin-K dependent protein factors and major inhibitors 
of the procoagulant system. 11 Deficiencies of both of these 
proteins have been associated with clinical thrombotic disor¬ 
ders in humans. A single case report of protein C deficiency 
has been reported in a thoroughbred colt, 25 The presence of 
multiple concurrent disorders in patients with TE is common. 
For example, 47% of cats with necropsy confirmed pulmonary' 
TE had multiple concurrent predisposing disorders. 26 


com* 


state. 


Protein-Losing Nephropathy 

Protein-losing nephropathy (PLN) results in loss of plasma 
proteins into the urine through injured glomeruli. The small 
molecular weight of antithromhin III (65,000 daltons) allows 
it to pass through the glomerulus similarly to albumin. The 
resulting hypercoagulable state is most often associated with 
venous thrombosis and can result in pulmonary TEJ®- 22 
Arterial (aortic) TE has also been reported in dogs with PLN. 7 


Hype r a d re rtoco rticis m 

Both spontaneous hyperadrenocorticism and exogenous 
administration of glucocorticoids have been associated with 
the development of thromboemboii. 7 The hypercoagulable 
state in spontaneous hyperadrenocorticism is characterized by 
an increase in coagulation factors II, V, VII, IX, X, XII, and fib¬ 
rinogen, coupled with a decrease in the natural anticoagulant 
antithrombin III, 28 Thrombin-antithrombin complexes are 
also increased in dogs with hyperadrenocorticism but with 
clinical signs of thrombosis, suggesting subclinical thrombosis. 
Long-term exogenous administration of glucocorticoids is 


Figure 2OS-3 Organized thrombus fills the lumen of a vein 
{upper left) in the stomach wall from a dog with disseminated 
intravascular coagulation (DIC). Gastritis is also evident. A normal 
artery' is present in the lower right. 
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Table • 208-1 






Causes and Predisposing Factors of Thrombosis and Thromboembolism 




ABNORMAL BLOOD FLOW 


H Y PERCOAGUL AB1LJTY 


VASCULAR ENDOTHELIAL DAMAGE 








Neoplasia 

Cardiomyopathy 

Congestive heart failure (CHF) 

Endocarditis 

Hypovolemia 

Shock 

Anemia 
Polycyth e m i a 
Dehydration 
Hyperviscosity 


I n feet io n/s e ps i s/a bsces s 
Neoplasia 

Hy pe ra d renoco rtic i sm 
Protein losing nephropathy (PLN) 

Protein losing enteropathy (PLE) 

Disseminated intravascular coagulation (DIC) 

Thrombocytosis 

Platelet hyperreactivity 

Immune-mediated hemolytic anemia (1HA) 

Parvovirus infection 


Arteriosclerosis 

Atherosclerosis 

Vasculitis 

Heartworm disease 
Catheterization 

Injection of irritating substances 
Neoplasia 

Vascular inca rceration/compression 

Hype rh o mocy stei nem i a 

Feline ischemic encephalopathy (FIE) 

Fibrocortilaginous embolism 


E 






associated with proteinuria and glomerular changes.Whether 
not this ultimately results in loss of antithrombin III and hyper¬ 
coagulability is unknown. Both arterial and venous "IX have been 
diagnosed in dogs receiving exogenous glucocorticoids. 3 ' 1 

Feline Cardiomyopathy 

The cause of feline TE is multi factorial and principally accom¬ 
panies myocardial disease with associated injury to left ven¬ 
tricular or left atrial endothelium. Some affected cats with 
aortic TE have elevated blood levels of homocysteine when 
compared with cardiomyopathic cats without TE, 13 and 
homocysteine metabolism may be abnormal in some felines. 14 
Several coagulation abnormalities leading to hypercoagulabil¬ 
ity have been identified in cats with aortic TE. 31 Platelets from 
some cardiomyopathic cats have also been shown to be hyper- 
aggregable in response to adenosine phosphate (ADP) in vitro. 32 

Immune-Mediated Hemolytic Anemia 

Pulmonary TE is a major complicating factor to the high rate of 
mortality in IMHA. Because of the difficulties in antemortem 
diagnosis of PTE r most estimates of the number of dogs with 
IMHA and TE are based on necropsy results and range from 
15% to 80%. 33 Use of intravenous catheters, elevated bilirubin 
concentration, elevated alkaline phosphatase concentration, and 
decreased albumin have all been associated with development of 
pulmonary TE, 33 Severe leukocytosis, left shift, and neutrophil 
toxic change may serve as laboratory markers of systemic throm¬ 
bosis in some cases. 34 Derangements in routine coagulation tests, 
prothrombin time [FT), partial thromboplastin time (PPT), and 

fibrinogen concentration 
Thrombocytopenia is also common and severe thrombocytope¬ 
nia (platelets <50,000/pL) occurs in approximately 25% of 
IMHA patients. Fibrin (or fibrinogen) degradation products and 
D dimer are increased in greater than 50% affected of dogs. DIC 
is also commonly diagnosed in IMHA. 24 


Supportive Care 

General patient care is critical for successful management oi 
thrombosis. Analgesic agents should be considered for acute 
pain management. Fluid therapy should be administered 
when indicated to correct acid-base abnormalities and dehy¬ 
dration. Dextrose-containing fluids should be avoided when¬ 
ever possible because they may cause endothelial damage, 
further promoting thrombosis. A risk of volume overload 
exists with heart failure or pulmonary hypertension and fluid 
therapy must be carefully monitored. Strict cage rest and oxygen 
therapy are indicated in cases of pulmonary TE or thrombosis 
associated with congestive heart failure (CHF). 

Acute Anticoagulation 

H eparin is the m ai nstay of acu te a nticoagulation* Antieoagul ants 
prevent additional clots from forming but do not dissolve 
dots (see thrombolysis). Coumadin therapy for the long-term 
control of thrombosis is initiated after adequate hepariniza¬ 
tion has been achieved. 

Heparin functions as a cofactor with antithrombin III, and 
together this complex exerts its effect by neutralizing factor X 
and thrombin. Heparin is inactivated by gastrointestinal (Gi) 
enzymes when given orally and therefore must be adminis¬ 
tered by injection. Heparin is administered to prolong the 
baseline activated partial thromboplastin time (aFTP) to 1.5 
to 3,0 times the baseline value. Prolongation of the aPTT or 
activated coagulation time (ACT) does not correlate well with 
heparin levels in cats and dogs, and measurement of plasma 
heparin levels may be more useful in monitoring heparin ther¬ 
apy Although many different heparin doses have been advo¬ 
cated, little dinical data exist concerning efficacy. Doses of 
heparin required to achieve adequate heparin levels in cats 

w r ith TE ranged from 175 U/kg every 6 hours to 475 U/kg 

every 8 hours, subcutaneously. 35 fn normal dogs the dose of 
heparin required to achieve adequate heparin concentrations 

was 250 U/kg every 6 hours, subcutaneously* 36 The most 
common side effect of heparin therapy is hemorrhage. In the 
event of severe hemorrhage, heparin can be neutralized by 
protamine sulfate administration. 37 

Low molecular weight (LMW) heparin is being increas¬ 
ingly used. 3 * 1 Its anticoagulant effect is limited to blocking the 
activity of factor X. Because LMW heparin has a lower 
antithrombin effect than u nfracti onated heparin, LMW hep¬ 
arin does not markedly influence the FT or aPTT. 
Measurement of factor X activity has been used to assess the 
effect of LMW heparin. One advantage of LMW heparin is 


or 


common in IMHA patients. 24 


THERAPY OF THROMBOEMBOLIC DISEASE 


The management of primary diseases resulting in the devel¬ 
opment of TE is discussed in related chapters throughout this 
textbook. Therapy of TE should be directed toward the 
underlying disorder whenever possible. Therapeutic strategies 
for managing TE include short-term systemic anticoagulation 
and fibrinolysis followed by long-term antiplatelet or antico¬ 
agulant therapy to reduce the risk of rethro m bos is. 
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that it has a lower risk of hemorrhage than conventional hep¬ 
arin therapy. The optimal dose of LMW heparin in dogs and 
cats with thromboembolic disease remains to be determined. 

Chronic Anticoagulation 

Warfarin (Coumadin) is a vitamin K antagonist inhibiting the 
synthesis of vitamin K-dependent clotting proteins (prothrom¬ 
bin and factors VII, IX and X), In addition, warfarin reduces effi¬ 
cacy of the vitamin K-dependent regulatory proteins C and S. n 
Proteins C and S are anticoagulant factors, and their function is 
the first to be inhibited by warfarin administration. Therefore 
heparin and warfarin administration are generally overlapped 
for 2 to 4 days to prevent a transient hypercoagulable state. 
Some animals appear to do well with just warfarin. Starting 
doses for wa rfa rin are 0.25 to 0.5 mg every 24 hours in the cat 
and 0.1 to 0.2 mg/kg every 24 hours in the dog. Due to the high 
individual patient variability, dose monitoring of PT is essential. 
Early recommendations were to maintain PT 1.5 times the 
baseline value, and more recent recommendations suggest 
attaining an international normalised ratio [INR) of 2:3. 39 INR 
is calculated by the formula (patient PT/control VT) ls \ The ISI 
is a value specific to the tissue thromboplastin that is used in 
measuring the PT. Coumadin is continued on a long-term basis 
to prevent recurrent TE. Studies documenting the optimal dose, 
efficacy, and duration of Coumadin therapy for specific throm¬ 
boembolic diseases in dogs and cats are unknown. 

The use of Coumadin is not without risks. The major risk 
is fatal hemorrhage, which occurs acutely and unexpectedly 
Ideally, pets maintained on Coumadin should live indoors and 
be well supervised to prevent trauma and to monitor for hem¬ 
orrhage. Periodic measurement of the PT should be done to 
ensure adequate dosing. Coumadin interacts with many drugs. 
The addition of medications to the treatment regimen of a pet 
on Coumadin should be done cautiously because certain 
drugs will raise the activity of Coumadin and predispose 
patients to bleeding. Some of these drugs are phenylbutazone, 
metronidazole, trimethoprim sulfa, and second- and third- 
generation cephalosporins. Barbiturates will decrease Coumadin 
anticoagulant effect. If bleeding complications occur, warfarin 
therapy is discontinued and administration of vitamin K is 
recommended. 39 

Antiplatelet Therapy 

Anti platelet drugs have been advocated for long-term 
agement to prevent rethrombosis. These drugs inhibit platelet 
aggregation and adhesion, preventing the formation of the 
hemostatic platelet plug. Aspirin inhibits cyclooxygenase, 
leading to decreased thromboxane A 2 synthesis. This renders 
platelets nonfunctional by preventing their aggregation.' 4041 
Cats lack the enzyme needed to metabolize aspirin (glucuronyl 
transferase), making them sensitive to aspirin-induced platelet 
dysfunction. Doses of 0,5 mg/kg every 12 hours in the dog 
and 25 mg/kg twice weekly in the cat may decrease platelet 
aggregation. 37 However, rethrombosis generally occurs despite 
aspirin therapy, although it is not known whether aspirin 
delays recrudescence. Additional antiplatelet drugs include 
dipyridamole and ticlopidine. Dipyridamole is thought to 
inhibit platelet aggregation by inhibition of platelet phospho¬ 
diesterase, leading to increased levels of cyclic adenosine 
monophosphate (cAMP) within platelets, Ticlopidine impairs 
fibrinogen binding and inhibits platelet aggregation induced 
by ADF and collagen. 37 The use of these newer compounds 
has been limited thus far in veterinary medicine. 

Thrombolysis 

Thrombolytic agents such as streptokinase, urokinase, and 
tissue plasminogen activator (tPA) are potent activators of fib¬ 
rinolysis. These agents have been used with variable and often 
limited success in veterinary medicine* 42 ^ 5 


Streptokinase binds plasminogen, and the complex trans¬ 
forms other plasminogen molecules into plasmin. Plasmin 
then binds to fibrin and causes thrombolysis. Streptokinase 

binds both free and clot-associated plasminogen. It also 
degrades factors V, VIII, and prothrombin, resulting in a mas¬ 
sive systemic coagulation defect. 

Streptokinase has been used to treat aortic thromboem¬ 
bolism (ATE) in cats with varying degrees of success. In one 
study of 46 cats, 15 were discharged from the hospital after 
streptokinase therapy with a median survival of 51 days. 45 
Reperfusion injury occurred in approximately 35% after 
thrombolysis, with streptokinase often resulting in fatal 
hyperkalemia and metabolic acidosis. Eleven of the cats devel¬ 
oped clinical hemorrhage after streptokinase therapy In three 
cats, hemorrhage was significant enough to require transfu¬ 
sion. Others reported conservative management (treatment of 
heart failure plus Coumadin or aspirin) of ATE with a hospi¬ 
tal discharge rate of 28%, which was similar to cats treated 
with streptokinase. 15 One recommended dose of streptoki¬ 
nase for dogs and cats with TE is 90,000 U, intravenously 
administered over 20 to 30 minutes, followed by a mainte¬ 
nance infusion of 45,000 U for 7 to 12 hours. Infusions 
be repeated over a total of 3 days. 37 

Recombinant DNA technology produces t-PA, a serine 
protease. A complex forms between t-PA and fibrin, and 
that complex preferentially activates thrombus-associated 
plasminogen-resulting in rapid fibrinolysis. 47 Life-threatening 
hemorrhage is the number one side effect. The half-life of 
t-PA in dogs is 2 to 3 minutes; consequently, if bleeding occurs, 
stopping the infusion will result in the drug clearance from 
the system in 5 to 10 minutes. Because t-PA causes rapid 
thrombolysis, the risk of reperfusion syndrome and lethal 
hyperkalemia is substantial. In one report, 50% of cats with 
ATE died acutely during t-PA therapy with death attributed 
to hyperkalemia, severe anemia, and renal hemorrhage. 46 


may 


VASCULAR DISEASES 


Diseases Of Arteries 

Occlusive Arterial Diseases Arterial occlusion refers to the 
interruption of blood flow within an artery and most 
monly results from trauma, thrombi, emboli, arteritis, degen¬ 
erative lesions such as atherosclerosis, and factors associated with 
endothelial dysfunction or injury. Arterial thrombosis requires 
one or more inciting local or systemic conditions: (1) vascular 
endothelial damage, (2) sluggish blood flow, and (3) changes 
in blood constituents resulting in a hypercoagulable state* 11 
Vascular endothelial injury can be induced by infectious 
agents (e.g*, Dirofilaria immitis ), prolonged hypotension, 
hypoxia, acidosis, inflammation, trauma, and immune mecha¬ 
nisms, Compressive lesions, such as from tumors, may pro¬ 
mote thrombosis by a reduction in local blood flow and 
endothelial injury. Thromboemboli usually represent blood 
dots that have broken free from a site of thrombus formation* 
Emboli can also consist of tissue particles, fat, gas, bacterial 
vegetations, parasites (eg*, heartworms), tumors, or foreign 
bodies. 48 Entrapped emboli may themselves become throm- 
bogenic Arterial occlusion can be acute or chronic. Chronic 
gradual ocdusion can occur with mural or extramural 
hematomas, atherosclerosis, arteriosclerosis, vasculitis, or in ti¬ 
nt al tears forming valvelike structures. 

The potential clinical consequences of arterial ocdusion 
(tissue hypoxemia, ischemia, neuropathy, tissue necrosis) 
related to extent and duration of vascular obstruction, and the 
physiologic consequences of the affected organ or organs* Tissues 
supplied by the endarteries, which have no connections to col¬ 
lateral vascular beds, undergo greater ischemic injury than 
organs supplied with collateral circulation. Acute, complete 
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presentation includes hemiparesis, but a broad spectrum of 
neurologic injuries may result. Neurologic signs depend on 
site, extent, and time course of vascular occlusion, In a series 
of 17 affected dogs, cerebrovascular disease was associated 
with coagulopathy, metastatic brain tumor, trauma, sepsis, 
atherosclerotic thrombus, unknown cause, and vascular mal¬ 
formation, 51 A cerebellar infarction caused by meningeal arte¬ 
rial thrombosis has also been described in a German shepherd 
dog with acute onset of seizure and neurologic deficits, 52 We 
have occasionally observed neurologic signs related to stroke 
in cats associated with severe systemic hypertension. Affected 
animals usually present acutely blind and show signs of retinal 
hemorrhage and detachment. Neurovascular disorders may be 
more common than the literature suggests. Increasing avail¬ 
ability of advanced imaging techniques should facilitate the 
diagnosis of these conditions. 

With endocarditis, a heart murmur of mitral or aortic 
insufficiency may be auscultated. Bacterial embolization from 
these valves may cause a systemic shower of emboli, which 
frequently affect abdominal organs, especially the kidneys and 
small intestines. Complete unilateral or bilateral renal artery 
occlusion invariably causes severe renal infarction. Affected 
dogs are depressed and may exhibit an arched back, sublumbar 
pain, and hematuria. 

Acute occlusion of a major mesenteric artery may cause 
initial gastric hyperactivity, followed by ileus and intestinal 
infarction. Sudden anorexia, vomiting, bowel evacuation, and 
abdominal pain may be present. Feces may contain blood. 
With bowel infarction, bloody diarrhea, severe signs of an 
acute abdomen, and shock may develop. 

Diagnosis When peripheral arterial thrombosis is sus¬ 
pected, a survey thoracic radiograph is indicated to evaluate 
cardiac size and shape and to assess for pulmonary changes 
including edema, thrombosis, or dirofilariasis, Chest and abdom¬ 
inal radiographs should be evaluated for orthopedic lesions, 
which could result in posterior paresis. In addition, radiographs 
of the pelvic and hindlimb region may be indicated to check for 
masses that could exert pressure on the aorta and for periosteal 
reactions in the sublumbar area. Doppler echocardiography 
may be useful for identifying vascular disturbances. 6 7 

Clinical pathology data may help characterize the underly¬ 
ing primary disease. Coagulation profiles are variable. Some 
cases of glomerulopathies and hypoproteinemia have been asso¬ 
ciated with reduced levels of anti thrombin III. 22 Assessment of 
protein C and protein S levels should be considered when these 
tests are available. A clinical pathology data base is a bo advised 
to evaluate and detect renal or hepatic disease, dirofilariasis, 
DIC, and systemic and metabolic disorders. Blood cultures are 
indicated if endocarditis, bacteremia, or sepsis is suspected. 

Confirmation of diagnosis may require proof of a vascular 
occlusion. This can be accomplished in some cases by physical 
examination, whereas in others, arteriography or diagnostic 
ultrasound are required. 1 - 6 -® The arteriogram can indicate the 
exact location of the thrombus or illustrate the extent of vas¬ 
cular occlusion and collateral vascular supply (Figures 208-4 
and 208-5). Furthermore, radiolucent emboli such as heart- 
worms may be outlined when present as longitudinal filling 
defects. Contrast angiography and other alternative imaging 
methods (thermography, perfusion scanning) in human 
medicine are being replaced by MRA and advanced ultra¬ 
sound techniques such as intravascular ultrasound 69 

Differential diagnoses Differential diagnoses include trauma; 
peripheral neuropathy; spinal, pelvic or vascular tumors; infec¬ 
tions; toxoplasmosis; degenerative myelopathy; interventricular 
disc protrusion; fibrocartilaginous embolic myelopathy; and the 
cauda equina compression syndrome. Radiographs should be sys¬ 
tematically evaluated for signs related to these disorders. 

Prognosis The prognosis depends on the cause, extent, and 
severity of occlusion, presence or absence of local complications 


arterial occlusion causes rapid ischemic injury. This is largely 
due to release of vasoactive substances by the clot, which 
induces vasoconstriction and reduces collateral circulation. In 
addition to the acute effects, long-term injury (days or weeks) 
occurs and includes fibrosis and neuromyopathy. 7 

Feline systemic thromboembolism Feline systemic TE is 
discussed in Chapter 204. 

Canine systemic thrombosis and thromboembolism 
Arterial occlusion has been reported in dogs occurring sec¬ 
ondary to atherosclerosis, nephrotic syndrome, vegetative 
endocarditis, neoplastic emboli, dirofilariasis, trauma, and 
thrombi of left heart origin (see Figure 208-1). The distal 
aorta, iliac, renal, and femoral arteries are common sites of sys¬ 
temic TE (see Figures 208-1 and 208-2). 

History Acute arterial occlusion is usually indicative of 
systemic, metabolic, or cardiovascular disease. Clinical recog¬ 
nition and identification of the cause are enhanced by an 
insightful history, complete physical examination, and appro¬ 
priate diagnostic tests. Some animals have a history of inter¬ 
mittent claudication, whereas in others, acute paresis or 
paralysis is the major presenting sign. Acute, complete arterial 
occlusion may cause posterior paresis, extreme hindlimb pain, 
and genera) distress. 49 - 50 In some cases the animal may have an 
unsteady gait, lameness, progression to stumbling, weakness, 
or collapse. Other potential signs include weight loss, exercise 
intolerance, hindlimb licking or chewing, and hypersensitivity 
over the lumbosacral region and the hindlimbs. Other signs 
attributable to systemic or metabolic diseases may sometimes 
be detected. 

Clinical signs and physical examination The outcome and 
clinical signs of arterial occlusion depend on (1) size and 
number of thrombi, (2) degree and duration of vascular occlu¬ 
sion, (3) pathophysiologic consequences of the organ or organs 
supplied, (4) whether the clot is infected or sterile, (5) whether 
the event is solitary or repeated, i 6) the adequacy of compen¬ 
satory mechanisms (e.g., collateral vessel recruitment, vasodi¬ 
latation, clot lysis, restoration of blood flow), (7) the effects 
of vasoactive chemicals elaborated by the clot on collateral 
vessels (i.e., vasoconstriction), and (8) related complications 
(e.g., tissue necrosis, local infection, hyperesthesia), A slowly 
progressing arteriosclerotic or atherosclerotic stenosis allows 
time for the development of collateral circulation and may 
have minimal clinical consequences. A sudden embolus, how¬ 
ever, may not be associated with the development of collateral 
circulation, and presenting clinical signs may be more 
severe 50 Microthrombus formation is common, and rapid clot 
lysis and abundant collateral circulation usually results in 
absence of outward clinical signs. 

Classic presentation of acute arterial occlusion is described by 
the seven Ps: (I) pain, (2j paleness, (3) paresthesia, (4) pulse- 
1 essn ess, (5) pol ar (cold), (6) paresis or paralysis, and (7) prostra¬ 
tion. 49 Physical examination may reveal cool distal limbs and 
swollen muscles Segmental and pedal reflexes may be depressed. 
Hypersensitivity over the lumbar spine may exist. A slow onset 
and progressive peripheral neuropathy after trauma may be 
associated with ischemia of peripheral nerves. Arterial throm¬ 
bosis of a front limb may also occur. Clinical signs are usually 
less severe than those described for posterior limb thrombosis. 

In the central nervous system (CNS), arterial occlusion is 
rarely diagnosed. For signs to be recognizable, several arteries 
have to be occluded simultaneously, as can occur in severe 
atherosclerosis or with embolization after arterial catheteriza¬ 
tion. Cerebrovascular occlusions may lead to sudden disorien¬ 
tation, weakness, anisocoria, and hemiamaurosis. Infarction 
may follow TE to a localized area of the brain. SrroJbe Is a 
generic term denoting any acute, non convulsive, focal neurologic 
deficit stemming from cerebrovascular disease. The classic 
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Figure 208-5 Aortogram of a 7-yearold Saint Bernard dog with 

a saddle thrombus at the aortic trifurcation associated with a chon¬ 
drosarcoma located near the terminal aorta. The owner had observed 
four episodes of pain and weakness in the hindlimbs that developed 
gradually when the dog was taken for a walk At the begtnnin g of the 
walk, the dog was normal, if the dog was forced to continue walking 
after the signs of pain and lameness had appeared, it collapsed. After 
resting for a few moments, the dog was able to walk again. On clin¬ 
ical examination the femoral pulse was difficult to fee], and the 
periphery of the hindlimbs was cooL Pain could be elicited when the 
pelvic area was palpated. Aortography was performed, and a radio¬ 
graph was taken A seconds after the beginning of the injection of 
contrast medi urn. On the aortogram the common origi n of the inter¬ 
na] iliac arteries and the left externa] iliac artery' contain no contrast 
medium, suggesting that they have been occluded completely 
A partia 1 occlusion has reduced the flow of contrast medium into die 
right external iliac artery. Some collateral blood supply to the 
hindlimbs probably occurs via the seventh lumbar artery. 
Anticoagulati on therapy was instituted, but it failed to provide relief 
and the dog underwent euthanasia at the request of the owner 


Figure 208-4 Two ventrodorsal angiograms of a dog with a 
carotid body tumor. The left panel demonstrates a late arterial- 
venous phase after injection of contrast medium into the right 
common carotid artery, A tumor 'blush" is seen, with contrast 
medium opacifying vessels feeding the carotid body tumor ! CBT; 
armws). Venous return is observed via the jugular vein (7V) r The 
angiogram in the right panel is a useful comparison and was taken 
after injection of contrast material into the left common carotid 

is observed, and the carotid sinus (C5), 
an area for sensing blood pressure, is evident, {Courtesy of John 
Bonagura, DVM,) 


artery (04). Normal 


(ischemic neuromyopathy, ulcers), and concurrent embolization 
to visceral organs. Even in cases with spontaneous recovery, 
relapses must be expected. Rapid diagnosis and treatment are 
essential to avoid severe or even irreversible tissue inj ury. 

Feline Ischemic Encephalopathy 

Feline ischemic encephalopathy (FIE) results in cerebral 
ischemic necrosis. FIE occurs in male and female cats of all 
ages and is more prevalent in the summer months. The cause 
of FIE is uncertain. Preliminary evidence suggests Cuterebra 
infection as a potential cause in some cases, 53 

Clinical pathology is usually unremarkable Cerebrospinal 
fluid (CSF) analysis may be normal or have mildly elevated 
protein levels and a mild to moderate pleocytosis. An increased 
proportion of large foamy macrophages have been observed in 
the CSF from 2 to 7 months after the onset of seizures. 
Suspected diagnosis can be made by T2 weighted MRI. In one 
study of six cats with FIE, MRI findings included mild to 
marked asymmetry of the cerebral hemispheres and bilateral 
asymmetric enlargement of the subarachnoid space. 55 

Gross lesions are usually unilateral and may involve up to 
75% of one cerebral or cerebellar hemisphere (or both). 

Hemispheres may appear atrophic and ridged with wide sulci. 


Histopathologic findings have included parenchymal atrophy 
and cystic degeneration, gliosis, and phagocytic macrophage 
infiltration. Perivascular lymphocytic cuffing of small capillar¬ 
ies and vascular occlusive lesions including thrombosis and 
vasculitis has been reported. Infarction of the middle cerebral 
artery represents the most common distribution. 

Clinical signs are typically acute in onset, non progressive, 
and suggestive of unilateral cerebral or brainstem involve¬ 
ment. Seizures are the most common historical or presenting 
clinical sign. Other clinical signs may include depression, head 
tilt, anisocoria, circling, seizures, and behavior changes. 

Treatment is limited to supportive care, and the prognosis 
is generally favorable. Clinical improvement typically occurs 
over several days to weeks. Multiple episodes can occur. Behavior 
changes and uncontrollable seizures can persist, 54 ' 55 

FibrocartiJagenous Embolization 

Fibrocartilaginous embolization (FCE) is associated with 
ischemic necrosis of the spinal cord parenchyma. The pathogenic 
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Figure 208-6 Vasculitis is indicated by inflammatory cells present within [A] and around 
(B) the venous vessel wall. Vascular injury associated with necrosis, degeneration of endothelial and 
smooth muscle cells, and fibrin deposition is evident. A small intramural thrombus is also present. 


The clinical consequences of vasculitis depend on the size, 
number, type, and extent o f b lood vessel s th at are affected, 57 
Histologically, vasculitis is characterized by the presence of 
inflammatory cells within and around blood vessel walls. 
Vascular injury is associated with necrosis and degeneration of 
endothelial and smooth muscle cells and fibrin deposition 
(Figure 208-6). A collection of fibrin, immunoglobulins (Igs), 
complement, and platelets appears by light microscopy as 
eosinophilic material within the vessel wall and lumen and is 
referred to as fibrinoid !. Eosinophil!a secondary to degeneration 
of collagen and smooth muscle can also be present within the 
vessel wall. 59 These histopathologic lesions distinguish vas¬ 
culitis from perivascular inflammation (Figure 208-7). 
Vasculitides have been classified based on specific inflamma¬ 
tory cell infiltrates that may include neutrophils, lymphocytes, 
or macrophages. 5S - St> As the disease becomes chronic or begins 
to resolve, predominant cell populations may change. 
Vasculitis may develop from within a vessel as a result of 
infectious, immune-media ted or toxic injury or by extension 
from adjacent areas of inflammation. Infectious agents can 
injure endothelial cells directly or through the production of 


mechanism is not resolved. Spinal cord arteries and veins 
become occluded with fibrocartilage originating from the 
nucleus pulposus of the intervertebral disc. Trauma may be a 
predisposing factor in a large percentage of affected cases. 
FCE can occur at any age but is most common in adult non- 
chondrodystrophoid breeds. Young Irish wolfhounds and 
miniature schnauzers are particularly prone to the disease, 
FCE has been reported less commonly in cats, 55 ^ 

Clinical signs of myelopathy vary depending on the loca¬ 
tion and severity of the spinal cord ischemic injury. Deficits 
are often asymmetrical, and the clinical signs are not progres¬ 
sive. Affected animals do not typically show evidence of pain, 
although brief painful periods have been described just prior 
to the onset of clinical signs. 

Diagnosis of FCE is based on excluding other causes of 
acute myelopathy. Results of plain radiographs are normal. 
CSF evaluation may be normal or show nonspecific abnor¬ 
malities including mild protein elevations, mild pleocytosis, 
and xanthochromia. Myelography is typically normal, or mild 
spinal cord swelling is seen. MRI may reveal spinal cord 
edema on T2 weight images. 55 

Treatment is primarily supportive care and physical ther¬ 
apy. Evidence for the use of glucocorticoid therapy is lacking. 
If treatment is attempted, methyl prednisolone succinate 
(MPS) should be given within the firs! 6 to 8 hours after the 
onset of neurologic signs. Prognosis for recovery is variable 
depending on the location and extent of the lesion. Poor prog¬ 
nostic indicators include lower motor neuron ([ MN) signs 
and size of the animal because of the inherent difficulties of 
performing physical therapy on large breed dogs. 56 

Vasculitis and Angiitis 

The terms vasculitis and angiitis refer to the pathologic syn¬ 
drome that is characterized by vascular inflammation and 
necrosis. Although there have been many reported causes of 
vasculitis, only a few histologic manifestations of the disease 
have been diagnosed. Vasculitis can occur in toxic, immune- 
mediated, infectious, inflammatory, and neoplastic disorders. 
Blood vessels of any type in any organ can be a fleeted, resul ting 
in a wide variety of clinical signs. The nonspecific nature of 
histologic lesions, coupled with variable clinical presentations, 
makes the diagnosis of primary vasculitis quite challenging. 


Figure 208-7 Section of lung. Perivasculitis is evident as large 
inflammatory infiltrate surrounding pulmonary arteriole. 
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endotoxins and exotoxins. The exact mechanism of endothe¬ 
lial injury is not known but involves the formation of oxygen 
free radicals, local inflammatory mediators, and the recruit¬ 
ment of inflammatory cells. 60 Exposure of subendothelial col¬ 
lagen during endothelial injury results in the activation of 
Hageman s factor and the subsequent activation of the com¬ 
plement, kinin, and plasmin systems. These lead to increased 
vascular permeability and inflammation. 

Type III hypersensitivity reactions can cause necrotizing 
vasculitis from the deposition of immune complexes within 
the vessel walls. Activation of the complement cascade may 
attract neutrophils, cause immune complex phagocytosis, and 
result in the release of lysosomal enzymes and oxygen free 
radicals, thereby leading to further inflammation and necrosis. 
In the chronic state this reaction becomes diminished, and 
mononuclear ceils replace the neutrophilic inflammation. 
Immune complex reactions of this type can occur in many 
disease conditions such as primary immune-mediated disease 
or be secondary to infectious disease. Emphasis on immune 
complex activity can only be misleading because immune com¬ 
plexes are rapidly cleared from the circulation. 5961 In humans 
the discovery of anti neutrophil cytoplasmic autoantibodies 
(specific for antigens in neutrophil granules and monocyte lyse¬ 
sames) has allowed further identification of immune-mediated 
processes in which immune complexes were suspected but 
not identified. Cell-media ted immunopathogenio mechanisms 
are initiated in the blood vessel wall. This type of vasculitis is 
characterized by accumulations of lymphocytes and 
macrophages within vascular walls. Myocyte necrosis results 
in fibrinoid degeneration, endothelial hyperplasia, and 
si on ally thrombosis. A granulomatous type of reaction of the 
vessel wall can result, particularly in chronic cases. These 
changes may be accompanied by hemorrhage and ischemic 
changes in surrounding tissues. 61 

The cause of secondary vaseuliiidos is, by definition , known, 
and classifications are based accordingly These conditions 
usually result from infectious diseases such as feline infectious 
peritonitis (FJP), canine coronavirus infection, parvovirus 
infection (rare), Rocky Mountain spotted fever (RM5F), leish¬ 
maniasis, and dirofilariasis. They may also occur in drug 
tions and in 


pitting edema involving dependent areas such as limbs, ventral 
trunk, head, and scrotum. 62 - 63 

Internal organ involvement with MNV frequently goes undi¬ 
agnosed. This is because clinical signs are vague, simultaneous 
multiorgan involvement often occurs, or organ manifestations 
are confused with those of infectious, de generative, or tra u matic 
conditions (e.g., pneumonia, glomerulonephritis, arthritis, spinal 
or neuromuscular conditions). The ciinicopathologic findings of 
primary MNV vary according to severity, duration, and specific 
organ. Lymphopenia, eosinopenia, hypoalbuminemia, hyper- 
globulinemia, and hyperfibrinogenemia occur commonly. less 
consistent findings include leukocytosis with a left shift and 
toxic neutrophils; leukopenia; neutropenia; monocytosis; a mild 
normocytic, normochromic anemia; and thrombocytopenia. 
Serum liver enzymes and triglycerides are often elevated. 57 

An idiopathic cutaneous and renal glomerular vascuiopa* 
thy has been described in kenneled and racing greyhounds, 
with many characteristics similar to MNV. 68 it is characterized 
by fibrinoid arteritis, thrombosis, and infarction with deep, slowly 
healing skin ulcers and peracute renal glomerular necrosis with 
a predilection for afferent arterioles. 

Diagnostic confirmation requires histologic examination of 
skin, organ, or lymph node biopsies specimen and exclusion of 
other immune-mediated disease. Special immunologic tests 
have been recommended to demonstrate a low or high concen¬ 
tration of complement, C3, and elevated levels of circulating 
immune complexes. The history may be helpful if drug hyper¬ 
sensitivity is suspected. 

Primary periarteritis, or polyarteritis, a necrotizing vasculitis 
affecting small- and medium-sized muscular arteries has been 
identified in colonies of beagles. 6 ^ 70 This polyarteritis occurs in 
two forms. One form occurs mainly in young beagles, in which 
arteritis affects major branches of coronary arteries almost 
exclusively. Clinical signs are usually absent. A second form 
of polyarteritis is associated with vague multisystemic signs 
(fever, depression, anorexia, neutrophilia, decreased albumin - 
co-globulin ratio), a stiff gait, pain on abdominal palpation 
(beagle pain syndrome), or a combination of these symptoms. 
The signs are associated with vascular lesions including dissem¬ 
inated, focal, or diffuse intimal thickening and acute fibrinoid 
necrosis of the media resulting in occlusion and thrombosis. 

The differential diagnosis includes pemphigus vulgaris and 
foliaceus, bullous pemphigoid, SLE; dirofilariasLs, specific 
infectious diseases, chronic neoplasia, and cold hemagglutina¬ 
tion disease. The prognosis is usually favorable. 

Many therapies have been advocated. Administration of all 
unnecessary drugs should be discontinued. In many 
immunosuppressive doses of glucocorticoids with or without 
an antibiotic have been used successfully. Cyclophosphamide 
may be administered if that fails. Dogs with lesions involving 
only the skin can be given sulfasalazine (Azulfidine) at an initial 
dose of 22 mg/lh (49 mg/kg) every 8 hours. 57 Dose frequency 
can be decreased after lesions improve from three times to 
twice a day and, later, to once a day. Dogs receiving sulfasalazine 
should be observed for side effects such as fever, keratocon¬ 
junctivitis, and hematologic abnormalities. 

Polyarteritis Nodosa Polyarteritis nodosa (PAN) is a rare 
polysystemic disease associated with a necrotizing vasculitis of 
unknown cause. The disease affects predominantly segments 
and bifurcations of small and medium-sized muscular arteries. 
In humans, PAN is classified among immune-mediated colla¬ 
gen disorders and derives its name from purpura! lesions that 
are palpable in the subcutaneous tissue. In contrast, palpable 
nodules are not a regular feature of PAN in animals. 71 - 73 The 
vascular lesions consist of intimal proliferation, vessel wall 
degeneration, necrosis, and thrombosis in all stages of devel¬ 
opment. PAN leads to a loss of vessel wail integrity, petechial 
and ecchvmotic hemorrhages, focal areas of tissue infarction 
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immunopathogenic connective tissue and 
collagen diseases, such as systemic lupus erythematosus (SLE) 
and rheumatoid arthritis. 62 


Microscopic Necrotizing Vasculitis Microscopic necrotizing 
vasculitis (MNV) refers to a large heterogeneous group of 
clinical syndromes that share similar histologic properties. 
Hypersensitivity vasculitis is often referred to in dermatologic 
manifestations and is often clinically distinct from the muiti- 
systemic form of necrotizing vasculitis. Termed juvenile pol¬ 
yarteritis syndrome (JPS), it has been reported in young beagle 
dogs. 63 ^ Less distinction exists between JPS and those syn¬ 
dromes described as idiopathic steroid-responsive vascuktides 
that can manifest as multisystemic or localized disease, 65 ■ 66 
Lesions can affect mainly arterioles, capillaries, and venules. 
Clinical abnormalities of MNV are often associated with 
phasic pyrexia, 1 istlessness, and anorexia. In some cases, lym- 
phadenopathy, myalgia, epistaxis, drooling, sneezing, and 
arthralgia may occur. In addition to the generalized signs, 
festations of specific organ lesions may occur. 67 The most 
common presenting clinical signs in small animals are dermato¬ 
logic lesions. Hemorrhagic maculae resembling circular petechiae 
and ecchymoses are common. Other lesions seen include wheals, 
urticaria, purpura, nodules, bullae, necrosis, and ulcers. In many 
cases the skin lesions are associated with pain, pruritus, or 
both. Less frequently encountered lesions include ulcers at the 
mucocutaneous junctions or of the mucous membranes, espe¬ 
cially located on the head (external car canal and pinnae, face), 
bony prominences of the limbs, and the foot pads, as well as 
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and necrosis, aneurysm formation, nodular swelling, and 
thickening of the major arteries. Target tissues of canine PAN 
include the kidneys, skin, mucous membranes, adrenals, 
meninges, G1 tract, connective tissue, and myocardium. 72 The 
lungs are usually spared. 

The clinical presentation includes systemic signs (pyrexia, 
lethargy, reluctance to walk, vague pain, or weight loss) and a 
wide spectrum of organ system abnormalities (linear skin 
ulceration, ulceration of mucous membranes, nasal discharge, 
spinal pain, and signs of cardiac or renal failure [or both]). 71 - 72 
Clinicopathologic findings may include leukocytosis with a 
left shift and proteinuria. 

The main differential diagnoses are hypersensitivity angiitis 
and idiopathic polyarteritis. The diagnosis is confirmed by his¬ 
tologic examination of a skin biopsy specimen, and the prog¬ 
nosis is guarded to poor* Treatment includes glucocorticoids, 
cyclophosphamide, or both. 

Lymphomatoid Gr a n u la mat os is and Miscellaneous 
VascuUiides Lymphomatoid granulomatoses and other 
unclassified vasculitides are characterized by a polymor* 
pholymphocytoid, plasmacytoid, and histiocytoid granuloma¬ 
tous infiltration around blood vessels. Pulmonary nodular 
lesions of variable size due to lymphomatosis were first 
described in dogs. 73 Infarction, necrosis, and cavitation occur 
in some of the masses. The bronchial lymph nodes can be 
slightly to greatly enlarged, and pulmonary thrombosis is 
common. The cause of this rare condition is unknown. 
Occasionally, similar lesions are associated with eosinophilic 
pneumonitis in occult dirofilariasis, although they can also 
occur outside of endemic areas of dirofilariasis. An im mu Re¬ 
mediated cause is likely because, in some cases, large amounts 
of IgG and IgM can be demonstrated in plasma cells and 
macrophages. 74 The differential diagnosis is primary or sec¬ 
ondary neoplasia, with which this condition is often confused. 
Diagnosis is rarely made clinically and requires histologic 
examination of biopsy material. The prognosis is usually poor 
In some patients, multicentric lymphosarcoma has developed at 
a later date* Surgery or treatment with glucocorticoids and cyto¬ 
toxic immunosuppressive drugs is only temporarily effective. 

Arterial Aneurysm 

An arterial aneurysm is a circumscribed dilation of an arterial 
wall or a blood-containing swelling connecting directly with the 
lumen of an artery. Arterial aneurysms are rare in dogs and cats 
and only isolated cases have been reported. ■ 5-7 H Aneurysms can 
be categorized based on their shape (saccular or fusiform), cause 
(atherosclerotic, mycotic, inflammatory, arteritis, traumatic, con¬ 
genital, dissecting), or their histologic appearance. Two major his¬ 
tologic classes of aneurysms are (I) true aneurysms (aneurysma 
verum) and (2) false aneu rysms (aneurysma spuriu m) * 

True Aneurysm A true aneurysm is a vascular dilatation 
caused by a weakened arterial or venous wall with subsequent 
widening of the vascular lumen. Histologically, true aneurysms 
involve the entire arterial wall and contain three microscopic 
arterial layers. Aneurysms may result from destruction of the 
media or the elastic fibers of large arteries (or destruction of 
both) by inflammatory or degenerative processes. Traumatic 
aneurysms can be true aneurysms or pseudo aneu rysms, 
depending on their cause and histologic appearance. Aneurysms 
have been found in the aorta of dogs that were caused by 
migrating larvae of Spirocerca sanguinolenta (formerly S. lupi ) 76 
[Figure 208-8). Aneurysms can also result from turbulent blood 
flow with arteriovenous (AV) fistulas. 

Dissecting aneurysm (aortic dissection) involves a hematoma 
associated with a defect in the aortic intima, Blood within the 
aortic lumen is forced through the intimal tear into die outer 
and middle layers of the aortic media, forming a second or false 
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Figure 208-8 Photomicrograph of a canine aorta. The intima 

and media have been disrupted by the presence of the subtropical 
and tropical parasite Spirocerca sanguinoknta (formerly 5, iupi). 

The parasite is seen in cross-section (amm/s).The aortic lumen is 
at the top of the figure. (Courtesy of John Bonagura, DVM.) 


lumen. 1! *e dissection can then propagate proximolly or distally 
along the aorta. A report of a dissecting aortic aneurysm was 
reported in a dog with clinical and histologic findings similar to 
that reported in humans. 75 Dissecting aortic aneurysm has also 
been reported in two cats; one with CHF, severe aortic insuffi¬ 
ciency and systemic hypertension and a second cat with signs of 
weakness, lethargy, and cardiogenic shock. 

Peripheral aneurysms appear as soft, warm, pulsating bulges. 
Occasionally, a ''machinery" murmur can be auscultated over 
these areas (see Arteriovenous Fistulas). Clinical signs are 
quently absent or vague* If spontaneous vascular rupture occurs, 
pain, signs of anemia and shock, and pleural or mediastinal effu¬ 
sion may be present. Exsanguination resulting from aneurysmal 
rupture is possible. 

Spurious (Pseudo) Aneurysm Spurious aneurysms, also 
kn o w n as pseudoatwu rystns, a re caused by loc alized disruption of 
the native artery. Their histologic appearance includes arterial 
wall architecture that is formed by fibrous tissue. One cause of 
spurious aneurysms is a hematoma that communicates with an 
arterial lumen resulting from venipuncture.™ Traumatic spuri¬ 
ous aneurysms are probably more common than is usually real¬ 
ized. Clinical signs may include lameness, persistent pain, and 
deep muscular swelling unresponsive to local therapeutic mea¬ 
sures, antibiotics, or glucocorticoids. Pitting peripheral edema 
m ay be present, and neither blood nor p us can be aspirated from 
the swelling. The diagnosis of spurious aneurysms may be sus¬ 
pected from physical examination. Survey radiographs may indi¬ 
cate soft tissue swelling. Diagnostic confirmation has classically 
relied on arteriography, which illustrates a nodular exudation of 
contrast medium at the arterial defect, Doppler echocardiog¬ 
raphy, especially color flow Doppler imaging, aids in identifi¬ 
cation by depicting blood flow and turbulence. Additional 
diagnostic tests include computed tomography (CT) r radionu¬ 
clide angiography, and surgical exploration. The differential 
diagnosis includes chronic infection, obstruction of a deep vein, 
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or abscessation With a spurious aneurysm, however, pyrexia and 
neutrophilia are not encountered. The prognosis is favorable if 
surgical vascular repair can be accomplished. 

Arteriosclerosis 

Arteriosclerosis is defined as chronic arterial wall remodeling 
consisting of hardening, loss of elasticity, and luminal narrowing. 
These changes result from proliferation of connective tissue 
and hyaline degeneration of media and intima. Proliferation 
and thickening of the intima with the deposition of ground 
substances leads to progressive fibrosis and vascular stenosis. 
Inflammation is not a feature of arteriosclerosis, 80 Arteriosclerotic 
lesions are commonly detected in old dogs and cats and may 
comprise part of the normal aging process. 8 ^ 8 - These changes 
are typically mild and usually unimportant to health and 
viva!. Thrombosis is rarely a complication of such microscopic 
lesion s, and their functional significance is not known, in other 
instances, arteriosclerosis may be severe and associated with 
substantial reduction in intraluminal diameter (often referred 
to as small vessel disease ) (Figure 208-9). Lesions of this nature 
are also common in feline myocardial diseases, particularly 
hypertrophic cardiomyopathy, and may be detected in canine 
aortic stenosis as well. 8 ^ 84 Arteriosclerotic changes may also 
occur in aorta and cerebral, renal, spinal, and sinoatrial node 
artery. 8 * f intramural coronary arterial narrowing commonly 
occurs in association with chronic degenerative valve disease 
well. Arterial lesions may have been associated with small 
regions of myocardial necrosis and fibrosis. Intramural coronary 
arteriosclerosis was found in 26.4% of old dogs undergoing 
necropsy. 80 Extensive non thrombotic, non atherogenic stenosis 
of extramural coron ary arteri es was described in two adul t ma 1 e 
Labrador retriever dogs with CHF. 85 Disease of extramural 
arteries is less common. Endothelial aortic plaque formation 
associated with arteriosclerosis was detected in 77.8% of 58 
dogs brought to a small animal clinic in Helsinki for euthana¬ 
sia. 8 * Spontaneous arteriosclerosis with a predilection for renal 
vasculature, has been demonstrated in young (<2 years old) 
greyhounds. 8 - The severity of the lesions was correlated with 
increased renal vascular tortuosity and high shear stress. Clinical 
consequences of these lesions have not been determined. 
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Figure 20S-1D Coronary atherosclerosis of extramural coronary 
arteries in a dog with severe hypercholesterolemia (> 650 mg/dL) 
caused by hypothyroidism. Epicardial coronary arteries are evi¬ 
dent, A larger epicardial branch is labeled fC4J, The reader 
should note numerous light plaques fPJ within the arteries that 
represent deposition of lipid. The lower left portion of the figu 
shows a cut segment of myocardium. The lumina of the subepi¬ 
cardial arteries are also surrounded by a concentric layer of lipid. 
(Courtesy of John Bonagura, DVM.) 
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ATHEROSCLEROSIS 


Atherosclerosis denotes inner arterial wall thickening in asso¬ 
ciation with lipid deposition. Affected large coronary arteries 
often appear grossly thickened, yellow-white, and may have 
narrowed lumina (Figure 208-10). Histologically, deposits of 
plaque containing cholesterol, lipoid material, focal calcifica¬ 
tion, and lipophages thicken the inner sections of arterial wall 
(intima and inner media; Figure 208-11 ),**»*& There can be 
widespread involvement of arteries from many organs. Unlike 
the disease in humans, canine atherosclerosis is uncommonly 
associated with extensive plaque formation, arterial calcifica¬ 
tion, or thrombosis. Atherosclerosis has not been described 
in cats. 

Atheromas are lipoid arterial plaques and they are rare fea¬ 
tures of canine atherosclerosis. Atheromas are sometimes 
referred to as xanthomatosis . Atherothrombosis results when 
localized atheroma forms on an atherosclerotic plaque, result¬ 
ing in disruption of blood flow and subsequent ischemia, 
infarction, or both. ss Atherothrombosis is most severe in both 

extramural and intramural coronary arteries, carotid arteries, 
and renal arteries. 

Atherosclerosis has been detected in older dogs 
quence of the hypercholesterolemia and lipidemia associated 
with thyroid atrophy. A predisposition for spontaneous 
atherosclerosis was reported in old F obese dogs with atrophied 
thyroid glands and hypothyroidism. 88 This observation is in 
accordance with experiments in which atherosclerosis could 
be induced in thyroidectomized dogs fed large quantities of 
cholesterol or cholic acids. 90 * 91 The spontaneous disease 
mainly affects male and spayed female dogs. An increased 
prevalence in miniature schnauzers, Doberman pinchers, and 
Labrador retrievers has been reported* 88 The distribution and 
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Figure 208-9 Arteriosclerosis in pulmonary arterioles. Severe 
thickening of the arterial intima and media and dramatic reduc¬ 
tion of arteriolar lumen is evident. Inflammatory infiltrates 
also diffusely present. 
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Figure 208-11 Atherosclerosis. A, Large coronary artery appears grossly thickened and has a nar¬ 
rowed lumen. The inner sections of arterial wall [rntima and inner media) are thickened by 
deposits of plaque containing cholesterol, lipoid material, focal calcification, and lipophages. 
B, Magnified insert from A. Atherosclerotic plaque showing clefts of lipid material (arrow). 


occur between the cardiac chambers (e.g., ventricular septal 
defect) or between the great vessels [e.g., aorticopulmonary 
window, patent ductus arteriosus) and are reviewed in 
Chapter 200 In this section, only peripheral A-V malforma¬ 
tions (A-V fistulas) are discussed. 

Congenital A-V fistulas are rare and are caused by arrest or 
misdirection of embryologic vascular differentiation. The per¬ 
sistence of primitive equipotential capillaries and the subse¬ 
quent failure of the existing anastomotic embryologic 
channels to differentiate into arteries or veins are responsible 
for their abnormal communications. Terminology applied to 
congenital A-V fistulas has been a source of confusion [e.g., 
hemangioma racemosum, Park-Weber syndrome, heman¬ 
gioma cavernasum, strawberry birthmark, nevus angiectasis, 
cirsoid aneurysm, congenital A-V aneurysm). 

The most common cause of an acquired A-V fistula is 
blunt or penetrating trauma . 94 Iatrogenic trauma is often 
related to venipuncture and accidental perivascular injection 
of irritating medicaments , 95 Additional causes include neovas¬ 
cularized tumors [carotid body tumor, thyroid tumor, heman- 
giosarcoma), ruptured aneurysm, mass ligature of arteries and 
veins, gunshot wounds, and erosion of contiguous vessel walls 
by infection or arteriosclerosis. Most A-V fistulas involve the 
extremities, but they can occur anywhere in the body includ¬ 
ing the neck, spinal cord, body wall, head, brain, abdomen, 
liver, and lung. They can also occur as a complication of mass 
ligation of arteries and veins during closed castration. 

Irrespective of cause and location, A-V fistulas cause simi¬ 
lar altered blood flow dynamics. The basic principle is that 
blood follows the path of least resistance. The A-V malforma¬ 
tion is an abnormal connection between a high-pressure arte¬ 
rial system and a low-pressure venous system with a higher 
capacity. Due to the difference in resistance, blood flows pref¬ 
erentially through the fistula rather than continuing via the 
artery to the capillary bed. This shunting results in a reduction 
of flow in the artery distal to the fistula and increased flow in 
the venous system. In addition to stealing blood from the 
distal capillary bed, these changes lead to the development of 
collateral circulation around the fistula. The communicating 
shunt increases venous pressure, venous blood oxygen satura¬ 
tion, and the diameter and number of anastomotic arteries 
and veins. Eventually an ectasia of the feeding artery and 
aneurysmal sacs in the venous area of the A-V communications 


severity of arterial lesions and thyroid atrophy are typically 
associated with clinical signs of lethargy, anorexia, weakness, 
dyspnea, collapse, heart failure, vomiting, disorientation, 
blindness, circling, and coma . SB - 92 Recorded ECG abnormali¬ 
ties included atrial fibrillation, notched QRS complexes, and 
ST segment elevation. Laboratory abnormalities included 
hypercholesterolemia, lipidemia, low serum triiodothyronine 
(T 3 ) and thyroxine \T 4 ) concentrations, elevated blood urea 
nitrogen [BUN) (often associated with renal infarction) and 
liver enzyme concentrations, and high alpha 2 and beta frac¬ 
tions in the protein electrophoresis. 

Clinical diagnosis of atherosclerosis is difficult, and the 
prognosis For dogs with clinical signs related to stenosing 
atherosclerosis is poor. Potential treatments include thyroid 
replacement drugs, anti hypertensive medication, blood 
cholesterol-reducing agents, or a low-cholesterol diet. 
Treatment strategies have not been tested in dogs, and severe 
lesions are essentially irreversible. Not all dogs with hypothy¬ 
roidism develop atherosclerosis. Only those with increased 
levels of very low-density beta lipoproteins tend to be prone 
to develop atherosclerosis and plaques. Blood levels of low- 
density lipoproteins may be increased in these dogs because 
lipoprotein receptors are reduced and lipoid removal by the 
tissues is decreased, 3"he elevated lipoprotein concentrations 
account for arterial lipoid deposits . 91 

Atherosclerosis is strongly suspected as being an inflamma¬ 
tory disease developing in response to injury in the vessel wall 
in humans. Infiltration of the mononuclear lymphocytes into 
the intima, local expansion of vascular smooth muscle cells, 
and accumulation of extracellular matrix is believed to be the 
pathogenesis of the inflammation. Previously determined risk 
factors including hyperlipidemia and hypercholesterolemia 
are believed to enhance leukocyte adhesion to damaged 
endothelium and reduce local immune response. The role of 
inflammation in the development of canine atherosclerosis 
has yet to be determined . 93 

Arteriovenous Fistulas (Arteriovenous 
Malformations) 

A-V fistula is an abnormal communication between an artery 
and vein bypassing the capillary network. Hhe true incidence 
is unknown, although A-V fistulas are reported uncommonly 
in dogs and rarely in cats, Centrally located anomalies may 
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may develop. Histologic changes occur in affected vessels 
that arteries begin to look more like veins (venification) and 
veins like arteries ! arterialization), The rapid runoff of biood 
through the A-V fistula into the capacitant venous circulation 
causes turbulence and, potentially, sound (bruit). 

Shunted blood flow through a large fistula can be so great 
that retrograde flow from a distal artery into the fistula occurs. 
Arterial blood supply to the tissues distal to the A-V fistula may 
become compromised from competition with the fistula and 
secondary venous hypertension, resulting in stagnation of 
venous blood flow in the dilated veins, or even reversal of blood 
flow in a distal rather than proximal direction. Local edema and 
ischemia followed by tissue necrosis, ulceration, or organ dys¬ 
function may ensue. In large and mostly centrally located fistu¬ 
las, the central blood dynamics also become affected. Large flow 
volumes across the A-V fistula compromise the blood supply to 
other regions of the body by shifting blood into the capacitance 
venous circulation. Compensatory responses to increased blood 
volume (cardiac preload) include elevated heart rate, cardiac 
contractility, and eccentric cardiac hypertrophy. Augmented 
cardiac output and gradual expansion of the blood volume par¬ 
tially restore the blood supply to deprived tissues. Eventually, 
however, the increased venous return and the elevated cardiac 
workload may induce high-output heart failure , m 

Clinical history and signs vary according to the location, 
size, duration, etiopathology, and topography of the fistula. 
A-V fistulas of the extremities may appear as painless, easily 
compressible, warm bulges or varicosities (Figure 208-3 2), 
Sometimes they are detected incidentally during routine clin¬ 
ical examination. With medium-sized or large fistulas of the 
extremities, a continuous palpable thrill and pulsation, along 
with a machinery murmur, can be detected. The leg or region 
distal to the fistula may be swollen, warmer, or colder than the 
proximal area (sometimes with severe local ischemia), 
painful, and affected by pitting edema. Lameness, cyanosis, 
therapy-resistant toe ulcers, scab formation, or gangrene can 
occasionally occur distal to the fistula with severe local 
ischemia. In the dilated superficial veins, a faint pulsation may 
be felt. In the Feeding arteries a water-hammer pulse is often 
* present. Animals with high-output heart failure may develop 

a cardiac murmur of mitral regurgitation and moist lung 
sounds, indicating pulmonary edema. 

When firm pressure is applied proximal to the A-V fistula, 
if the feeding artery is compressed, the thrill and bruit dis¬ 
appear and the pulse, and heart rate may drop as a result of 
diminished venous return and reduced cardiac output. This is 
referred to as Branham bradycardia sign, and the 
is called Branham's or Nicoladoni Branham's test , Together 
with the local thrill or fremitus and the bruit, the Branham s 
sign is pathognomonic for A-V fistulas. 

Other signs have been reported and vary with respect to 
location and hemodynamic alterations caused by the A-V fis¬ 
tula. An A-V fistula in the orbit was reported to cause exoph¬ 
thalmos. 1 ^ Recurrent bleeding from the mouth was observed 
in an A-V fistula of the tongue 9 ** Restless behavior and lethargy 
followed by progressive seizures 

reported in a 10-year-old mixed breed dog with a subcortical 
cerebral A-V malformation „ m An A-V fistula of the spinal 
cord at the thoracolumbar junction in a IG-momh-old female 
Australian shepherd dog caused a deteriorating hindlimb ataxia, 
difficulty in getting up and down, hypersensitivity over the 
lumbosacral region, and urinary incontinence. 104 Cardiomegaly 
and pulmonary overcirculation were detected radiographi¬ 
cally in a dog with a postsurgical AV fistula, and these changes 
regressed after the fistula was surgically closed. 97 An A-V fis¬ 
tula was found surgically in the jejunum of an 8-month-old 
dog with persistent anemia and melena. iU5 A-V fistulas in 
tumors have been recognized as a strong pulsation and fremitus 
detectable dining palpation of the tumor mass. 94 Auscultation of 
the tumor mass may reveal a machinery-type murmur or bruit. 
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Figure 208-12 Coon dog with an arteriovenous (A-V) fistula 
of the ear The dog was presented for severe bleeding caused by 
trauma to large distended veins (inset, arrows). A continuous 
murmur was ausculted over the ear, and Doppler studies demon¬ 
strated continuous arterial-to-venous flow. Venous distention is 
secondary to direct transmission of arterial pressure and marked 
increases to flow. (Courtesy of S.E. Johnson, DVM, and J. Bonagura, 

DVM.) 
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Congenital hepatic A-V fistulas have been reported in 
young dogs. The hepatic artery connects to the portal vein and 
causes portal hypertension or reversal of the blood flow in the 
portal veinJ 06107 There can be a single fistula or multiple 
fistulas that can be distinctly visualized by abdominal color 
Doppler ultrasonography and coeliac arteriographyClinical 
signs include lethargy, vomiting, diarrhea, anorexia, weight 
loss, ascites, polyuria, and neurologic signs related to hepatic 
enceph a lopathy. 1 ^ 

Pulmonary A-V fistulas can lead to respiratory distress and 
cyanosis. Survey thoracic radiographs of animals with large fis¬ 
tulas may indicate cardiomegaly, a prominent aortic arch, a 
hypervascular lung field, and an increased interstitial or 
patchy pulmonary radiodensity, indicating pulmonary conges¬ 
tion or edema, respectively 

Diagnostic ultrasonography, especially color Doppler imag¬ 
ing, has been clinically useful for identifying and localizing 
A-V fistulas (Figure 208-13} * l0 - 111 Findings included the 
presence of focal intra-arterial flow at the fistula site through¬ 
out the cardiac cycle, turbulent pulsatile venous flow at the 
fistula site, and nonpulsatile venous flow proximal to the fistula. 
Angiography may be used to define fistula anatomy and size 
more accurately and to plan management strategies. The 
absence of a normal capillary phase and premature outlining 
of the veins are 
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from fractures because adjacent vessels are relatively fixed and 
vulnerable. Clinical features of traumatic arterial injuries may 
include diminished or absent pulse, enlarging hematoma, pul¬ 
satile arterial bleeding, symptoms of ischemia distal to the 
wound, injury of anatomically related nerves, and hypotension 

with major hemorrhage. Compressive forces from local tissue 
trauma (compartment syndrome) and vascular stenosis may 
delay or inhibit return to normal function of the affected area. 
Accurate diagnosis and extent of traumatic vascular injuries 
can be accomplished by direct examination, arteriography, 
ultrasound, and magnetic resonance imaging (MRl}. m 

Vasospasm refers to reversible localized or diffuse vasocon¬ 
striction of arteries or small blood vessels. If short lived, the 
ischemia is reversible and permanent damage does not result. 
However, prolonged vasospasm with ischemia may lead to 
tissue damage and ulceration. Vasospasm is a common response 
to blunt and perforating vascular trauma and may also result 
from perivascular injection of irritating substances. When this 
occurs, tissue injury and vasospasm can be minimized by local 
infiltration with procaine hydrochloride or lidocaine. 
Uncommonly, vasospasm occurs in association with sponta¬ 
neous arterial rupture (e.g,, ruptured cerebral aneurysm, stroke). 
Angiography is usually required for confirmation. Vasospasm 
may be elicited by exo toxins* The best-known example is 

ergotism that produces intense vasospasm of the digits and 
large vessels by stimulation of the alp ha-adrenoceptor. The 
differential diagnosis of vasospasm includes polycythemia, 
cold agglutinins, thrombosis, arteriosclerosis, and vasculitis. 
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Figure 208-13 Pulsed wave (PW) Doppler recordings from a 

5-year-old female golden retriever dog with traumatic A-V fistula. 
A, Doppler interrogation of a large, pulsatile, dilated vessel asso¬ 
ciated with the right radial artery identified by color flow Doppler 
at the medial right brachium. The reader should note the contin¬ 
uous flow best seen during diastole. B, Pulsed wave (PW) Doppler 
flows recorded from the normal left radial artery in the same dog. 


Diseases of Veins 

Diseases of the venous system frequently cause minor clinical 
problems, despite the fact that veins are commonly affected 
by or involved in trauma, TE, edema, local inflammation, and 
septic processes. Many conditions, however, often go unrecog¬ 
nized, Venous disorders include traumatic injuries, superficial 
and deep phlebitis and thrombosis (thrombophlebitis), catheter 
em bol i zation, ane urys m s, veno us com pression syndro mes, 
varices, and ulcers. 

Pulmonary thromboembolism | PTE) is a common and often 

life-threatening complication associated with a variety of sys¬ 
temic and metabolic diseases. A thrombus formed in the right 

heart or the peripheral or central venous system can embolize 
to the pulmonary arterial vasculature. Contributing factors 
include prolonged immobilization, trauma, surgery, and a range 
of disorders including IMHA, hyperadrenocorticism, nephrotic 
syndrome, DIC, sepsis, cardiac disease, amyloidosis, neoplasia, 
proteins C and S deficiency and antithrombin III deficiency. 
PTE is covered in detail in Chapter 218. 

Varicosis and ulceration are rare in dogs and cats. When 
detected, they often accompany A-V fistulas. Cutaneous phle- 

bectasia is 


lesions. The differential diagnoses of A-V fistulas include neo¬ 
plasms, varices, abscesses, cystic skin lesions, aneurysms, lym¬ 
phedema, and scarring. 

Management of A-V fistulas has historically required sur¬ 
gical intervention . 111 This usually involves careful ligation of 
all proximal and distal arteries feeding the fistula, ligation of 
the draining veins, and complete excision of the A-V collater¬ 
als with the venous aneurysmal sacs (so called quadruple lig¬ 
ation). If relapse occurs or if multiple fistulas are present, a 
wide excision of the involved areas or limb amputation may 
be the only alternative. 

Surgical approaches can often be technically difficult, muti¬ 
lating, hazardous, and can have a high failure rate with residual 
clinical symptoms. 113 Consequently, arterial embolization tech¬ 
niques using special embolization wire coils have begun to be 
used to occlude A-V fistulas, owing to the minimally invasive 
nature of these procedures. {l3 - 1]4 In a cat with a forelimb fistula, 
cyanoacrylate embolization was used to obliterate the fistula 
followed by en bloc surgical resection of vessels. 115 Transcatheter 
embolization using vaso-occlusive coils was described in three 
cats and two dogs with peripheral A-V fistulas. Iie 

The prognosis for animals with small A-V fistulas is often 
good. Morbidity is highest with centrally located A-V fistulas, 
with fistulas that cause organ dysfunction, with large fistulas 
that induce a high cardiac output, and with fistulas that cannot 
be successfully occluded using embolization techniques, 

Traumaticartd Functional Arterial Disease 

Trauma from direct accidental injury or iatrogenic trauma 
(eg., surgery or vascular interventional procedures} is a 
common cause of vascular disease. Direct trauma may result 

in direct vascular wounds, or it can result in mural contusions 
leading to delayed thrombosis, necrosis, late hemorrhage, and 
false aneurysm formation. Vascular wounds can also occur 


2126 


benign lesion sometimes erroneously called 
telangiectasis, ft is reported almost exclusively m dogs with 
spontaneous or iatrogenic Cushing's syndrome.Phlebectasia 
is an abnormal dilatation, extension, or reduplication of veins 
or capillaries or a combination of these changes. 

Venous perforation or blunt trauma to veins is usually well 
tolerated because rapid clotting results in venous occlusion, ft 
when venous occlusion or venous severance is severe, how¬ 
ever, resultant edema and cyanosis are usually temporary 
because of collateral circulation. If ail veins,draining an area 
are compromised, marked edema and necrosis can ensue. 
Blunt trauma has been associated with caudal vena caval 
obstruction or kinking of the intrathoracic caudal vena cava 

and ascites. 119 

Venous malformations have been previously referred to as cav¬ 
ernous hemangomas . They can be localized or extensive and 
appear as cystic dilation of blood vessels They generally permit 
only low blood flow, and small lesions are generally asymp¬ 
tomatic. Expansion of the lesion may occur, however, especially 
after tra u m a. Th rombosis may occur due to si u ggish b lood flow. 
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is rare, although portal vein thrombosis has been reported. 
Clinical signs include ascites, peripheral pitting edema, and 
portosystemic shunting, 121 

Embolization of severed intravascular catheter fragments is 

an occasional complication of intravenous catheter place¬ 
ment 62 2123 In humans, reported complications of catheter 
embolization incl ude perforation of cardiac walls, endocarditis, 
pulmonary embolism, and severe arrhythmias. Therefore it is 
generally considered prudent to remove catheter fragments. 
Nonsurgfcal, transvenous removal of catheter fragments using 
loop-snare catheters, forceps* and basket catheters have been 
described. Whenever possible, however, steps should be taken 
to avoid situations predisposing to catheter fragmentation, 
including inadequate restraint during catheter placement, with¬ 
drawal of catheters through their placement needles during 
repositioning, Failure to properly secure catheter to the patient, 
and inadvertent severing of catheters during bandage changes, 

Ph lebitis can occur from a local inflammatory process 
extending to the veins or can originate from a venous intimal 
lesion. Common causes of venous intimal lesions are perive¬ 
nous injection of irritating drugs, infusion of large amounts of 
fluid, and long-term placement of intravenous catheters. 
Infusion-related phlebitis occurs in three forms: (1) chemical 
(injury to vein by irritating drugs), (2) physical (trauma to the 
intima by catheters, needles, hypertonicity, or particulate 
matter in infused fluids), and (3) microbial (infected fluids, 
skin, or catheter dp). Sterile or septic thrombophlebitis 
may result, usually remains localized, and is characterized 
by pain, swelling, and exudation {Figure 208-1$)* Patients 
with serious illnesses or compromised immune systems, 

however, may develop sepsis, thromboembolic pneumonia, or 
endocarditis* 

In cases of venous occlusion, clinical signs depend on the 
anatomic location, extent, and duration of the obstruction. 
Acute obstruction of centrally located and deep veins causes 
edema, cyanosis, discomfort, and venous dilatation distal to 
the obstruction site. Obstruction of the cranial 
causes edema in the neck, head, front limbs, and dependent 
portions of the chest wall (Figure 208-16). Pleural effusion 
commonly results from central venous obstruction. Clinical 
disorders of the intrathoracic caudal vena cava have been 
reported (Figure 208-17). 115 Obstructions of the renal 
pelvic area cause edema of the hindlimbs and the scrotum. 
Clinical signs depend upon collateral vessel reserve and capacity 
of regional lymphatics. In addition to thrombosis, common 
causes of venous obstruction include invasive malignant 
processes and venous compression by abscesses, hematomas 
tumors, and lymph adenopathy. A number of tumors have a 
tendency for venous invasion, including chemodectomas, a dren al 
tumors, and hemangiosarcomas. Angiography may indicate the 
occlusive or compressive lesion or highlight increased collateral 
circulation (or it may do both) (Figure 208-18). Diagnostic 

ultrasonography can often detect masses or flow disturbances. 

The prognosis and therapy of venous obstruction depend 
on the primary disease. These are discussed in various chapters 
throughout this book. 

Diseases of the Peripheral Lymphatics 

The lymphatic system plays a critical role in regulating body 
fluid volume and immune function. Lymphatics originate 
within the interstitium as specialized endothelial-lined capil¬ 
laries transporting fluid, solutes, and macromolocular particles 
back into the venous system. Fluid, protein, cells, and 
molecular particles from the interstitial space empty into the 
initial lymphatics composed of a series of small lymphatic 
capillaries that begin blindly in the tissues. The lymph then 
flows through a system of lymphatic vessels that progressively 
increase in diameter. As lymph flows centrally it passes 
through at least one lymph node before emptying into larger 




h ■ 


m 


■% . 
















IS 




■■ii 


■ 




i 




. 




■ 






> 






- 


■ 






•v* 






4 


■ 






i 














O 1 


K 












H .• 




V 


+ 












ft 




t 


* 


r&i 




•• * 


V. 






« 










■k 


















7** 


• • 




i 




* 




A 1 




■ ", 




i 


1 j 




J 


3 


















A. 




"i 


* ‘ 






■ 


■ 








% 


f- . 

186" 


v- 




+ 




•T- 














■ 




& 








i ■ 


; ■ 




> ■ 


■ 


■ 


* 




v.t 


i. 




■ 




x 


t. 




A . 


* 




j 




t 




■ ■ 


bVi 


■m 










f 


v-y 




c 


■ 








■ e 












m 


V 




£ 




V ■ • tin | 


a 


: 






* 




■t. 


v, 




a 


V 


A 


-■ 


L 


V 






*- 




■jT 




■* 


a a a a 


A 


ft 




a 










a 






a 


a 




■ 


I 




? 


9 


u 


V 


a > ■ 


Vi 




y 


m 


a 


■ 


* W 


* 


a 








Vs 






■ 


w, 










"1* 










* 


v. 






4. 


mm 




-i 


■v 




■ 


p 






Vv 


• • 


t 


y 


55 - 




► V. V V 

HSShcHW 


. -* 


a 


• 3 ; 


m 


* 


.V 






•> 


m 




a.a 


a a ■ 


Sg 


n 


C 


■ 




a 


vw 




w 


r r 


« 




% 


a 








a e 


mi 


V. 




1TB taTT 


a 


2fc ; x : *X : 




IS 


• k 




", 






»| 


a c 


l.v 


m 


•«vi 


» 


y 






4 






* 






• i 




Tv-V. 


m 

>yy 


a 
















vy 


« 


■ 


A 






•i. 


■1 




f* 




V> 


r 




A 






* a 


i. 


i 






/ 


I 






> - 




« 






‘ » 


i 


• i 


* 


i l 




. an 


-• 










m 






•- 




4 


I 




■ 2 : 


a. 




- t- 1 > ■ 


I 


•V 






Figure 208-14 Angiogram of a dog with a cranial vena caval 
thrombus. The animal developed lymphedema of the neck, face, 
and front legs 1 week after a transvenous pacemaker lead had 
been inserted through the jugular vein to facilitate temporary 
cardiac pacing for complete heart block, Contrast medium 
injected into an accessory cephalic vein with the animal posi¬ 
tioned in sternal recumbency. Extensive collateral circulation is 
seen, but Ailing ot the cranial vena cava is not identified. An epicar- 
dial electrode is visible in the cardiac apex, and the pulse generator 
* can be seen subcutaneously in the left lateral thorax. (Courtesy of 

N ancy Morris, DVM *) 
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resulting in local swelling and tenderness. Larger lesions in depen¬ 
dent areas may enlarge, causing significant vascular dilation. This 
may result in changes in skin color, ulceration, and hemorrhag 
The affected area appears as a warm, soft, compressible mass. No 
th ril Is or bruits are present due to the low flow. Pain may result 
from pressure exerted on deep tissues and nerves. 

Diagnosis is made using history, physical examination, 
and ultrasound. Venography may be needed to define the 
lesion. Symptomatic therapy using light, compressive wraps 
is sometimes helpful for acute management. Surgical excision 
of affected vessels is occasionally required, but complete 
resection is difficult and local recurrence is common. 120 

Thrombosis commonly follows blunt trauma and perforat¬ 
ing injuries, particularly with venipuncture or prolonged 
venous catheterization (Figure 208-14). Phlebitis is a major 
cause of intimal damage leading to thrombosis. The thrombo¬ 
sis is usually of little local consequence. However, emboli may 
be carried to the lung and cause PTE. In most animals, blood 
clots carried to the lung are rapidly lysed and cause no prob¬ 
lems* However, when inflammatory diseases, dehydration, or 
circulatory failure occurs, dot formation may continue in the 
pulmonary vessels and lead to vascular occlusion, severe dys¬ 
pnea, pain, and death. 21 In infectious thrombophlebitis, bac¬ 
terial emboli may be carried to the lungs and 
thromboembolic pneumonia. Spontaneous venous thrombosis 
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Figure 208-15 Caudal [left) and lateral (right) 
views of the right rear limb of a young dog with 
severe edema caused by thrombophlebitis. The 
problem developed after placement of saphenous 
vein catheter. The limb is markedly swollen and 
edema fluid (arrows) is leaking through a small 
ulcer in the skin. Thrombosis of the vein prevents 
venous drainage and increases lymphatic fluid for¬ 
mation* (Courtesy of John Bonagura, DVM.) 
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of external muscular contraction along with intrinsic contrac¬ 
tility of the lymphatic vessels aid in the movement of lymph 
through the lymphatic system* Lymph is filtered by at least 
one lymph node before entering the venous circulation. While 
in the lymph node, the lymph is in contact with the blood cir¬ 
culation and approximately half of the fluid is drained before 
leaving into the larger lymphatic ducts. 124 

In addition to its transport function, the lymph system 

plays a major role in the immunologic responses to infectious 

agents. It serves as a filtering system to impede the spread of 
microorganisms and neoplastic cells. The cellular components 
in particular the lymphocytes, are indispensable for immuno¬ 
logic reactions and antibody formation* 

Lymphatic disorders can be subdivided into those of inter¬ 
nal organs, such as intestinal lymphangiectasia, and peripheral 
lymphatic disorders. Several lymphatic di 
ognized in animals, including lymphedema, intestinal lym¬ 
phangiectasia, chylothorax, lymphadenitis, iymphocysts, 
lymphoma, lymphangioma, and lymph angiosarcoma. Types 
and causes of peripheral lymphatic disorders are summarized 

in Box 208-2, 

Inflammatory Lymphatic Disorders (Lymphangitis and 
Lymphadenitis) Lymphangitis and lymphadenitis often 
occur secondary to local inflammation, particularly involving 
the skin, mucous membranes, and subcutaneous tissues. 
Lymphangitis can also result from bacterial or fungal infection 
or adjacent neoplastic and inflammatory disease. Lymphatics 
may be affected and occluded as they drain inflammatory 
agents and their by-products from tissue spaces. In lymph 
nodes, microorganisms are phagocytized and inactivated or 
killed by humoral and cellular mechanisms. During this process, 
lymph nodes may become obstructed, enlarged, warm, 
painful. Affected limbs may be locally swollen, and lameness 
can result. Pyrexia, anorexia, and depression are common, and 
leukocytosis may be present with acute, severe lymphangitis. 

Lymphangitis may become chronic when associated with a 
granulomatous or static lesion, such as a foreign body, or with 
unsuccessfully treated acute inflammation. Persistence of 
inflammatory edema results in mesenchymal cell prolifera¬ 
tion, which in turn can cause irreversible thickening of skin 
and sub cutis. 


lymphatic trunks. 124 The deep trunks unite to form two major 
lymphatic vessels: (1) the thoracic and (2j right lymphatic 
duct* The thoracic duct drains most of the body and returns 
fluid into the venous system at the brachycephalic vein or the 
left subclavian vein,The right lymphatic duct drains the right 
side of the head and neck and right forelimb. 

Lymphatic vessels contain many junctions between indi¬ 
vidual endothelial cells that are connected to the surrounding 
extracellular matrix by reticular fibres and collagen. These 
junctions open when tissue hydrostatic pressure becomes ele¬ 
vated and the anchoring filaments stretch, allowing fluid to 
move into the vessel. As the fluid is cleared from the intersti- 
tium, the connecting fibers contract and the junctions 
between the endothelial cells close. The opening and closing 
of these junctions allow them to act as inlet valves, preventing 
the backflow of lymph into the interstitium. The larger vessels 
of the lymphatic system have progressively fewer open junc¬ 
tions, increasingly muscular walls, and frequent intraiym- 
phatic valves that also prevent backflow of lymph. The action 
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have been rec- 


Figure 208-16 Cranial vena cava syndrome associated with a 
mediastinal mass and cranial vena caval occlusion. Severe periph¬ 
eral edema of cranial extremities is present. 
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Figure 20S-17 Acquired stenosis (fibrosis) 

of the caudal vena cava in an older dog. The 
left panel shows an angiogram of the caudal 
vena cava (Cd VC), which demonstrates 
severe narrowing of the dye column (arrows) 
at the venous entry into the caudal right 

atrium. The right panel is a postmortem 
view of the heart taken from the right lateral 
perspective. The right atrial and ventricular 
walls have been retracted to demonstrate 
the stenotic, caval orifice (small arrows). The 
reader should compare this opening with 
the diameter of the caudal vena cava (to the 
left, large vertical arrow ). The right ventricle 
[RV) t tricuspid valve (7V), right atrium 
(TM), and descending aorta (Ao) are shown. 
(Courtesy of John Bonagura, DVM, and 

Matthew W. Miller, DVM.) 
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The prognosis is favorable with early treatment. Therapy 
consists of moist, warm, local compresses or soaks, which 
reduce swelling and promote drainage. Aggressive local and 
systemic antibiotic therapy usually promotes recovery in ani¬ 
mals with fever and anorexia. Bacterial culture and sensitivity 
testing should be performed if acute lymphangitis fails 
respond to treatment and in cases of chronic lymphangitis. 


Contrast studies and surgical exploration may be indicated 

if fistulous tracts or abscesses are present or if a foreign body 

is suspected. 


Lymphedema Lymphedema refers to an accumulation of 
fluid in die interstitial space resulting from abnormal lym¬ 
phatic drainage. 124 r rhis term should not be used for other 
forms of edema, such as circulatory edema related to venous 
obstruction or generalized edema related to hypoproteinemia. 
Lymphedema may result when capillary filtration exceeds the 
resorptive capacity of the veins and lymphatics. The protein 
rich fluid (2 to 5 g/dL) causes a high osmotic gradient and 
exacerbates fluid accumulation. 1 - 5 Numerous classification 
schemes have been used to categorize lymphedema. Commonly 
used causative categories of lymphedema include: overload, 
inadequate collection into lymphatic capillaries, abnormal lym¬ 
phatic contractility, insufficient lymphatics, lymph node 
obstruction, and main lymphatic ductal defects. 

Traditionally, clinical effort is undertaken to differentiate 
primary versus secondary lymphedema. Primary lymphedema 
refers to an abnormality of the lymphatic vessels 
nodes. Secondary lymphedema refers to disease in the lymphatic 
vessels or lymph nodes due to a different disease process. 
Secondary lymphedema can occur as a result of neoplasia, 
surgery, trauma, parasites, radiation therapy, or infection and is 
more common than primary lymphedema. Distinguishing 
between primary and secondary lymphedema is often difficult. 
A disease process involving a lymph node can result in fibrosis 
and obstruction with secondary lymphedema developing. 
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Figure 208-18 Angiogram of a 10-year-old domestic short- 

haired cat witli pleural effusion and edema of the head and neck. 

Radiocontrast dye was injected into the external jugular vein. 

Interruption of venous return occurs in the cranial 

(arrow) caused by compression and obstruction of this vessel by 

mediastinal tumor. The reader should note the prominent collateral 
venous network. 


Primary lymphedema Primary lymphedema can result 
from three principle morphologic and functional abnormali¬ 
ties including (1) abnormalities of large vessels including 
aplasia or hypoplasia of the thoracic duct and cistema chyli, 
P) aplasia of the peripheral lymphatics or congenital valvular 
incompetence, and (3) lymph node fibrosis 

lymph node si2e and number. 126 
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Lymphedema caused by aplasia, hypoplasia, or dysplasia of 
proximal lymph channels or popliteal lymph nodes (or dys¬ 
plasia of both) occurs most often in the hindlimbs of young 

dogs (Figures 208-19 and 208-20), The edema can be tran¬ 
sient, observed only during the juvenile period, or permanent. 

Mild 

cases may progress to whole body edema, 
condition is frequently bilateral, 

swollen than the other. A number of cases of suspected con¬ 
genital lymphedema have been reported, 
breeds include bulldogs, poodles, Old English sheepdogs, and 
Labrador retrievers, although it is not clear whether these 
breeds are at increased risk. 

The history may identify chronic limb swelling since birth 
or Lxlema appearing later in life. The swelling represents a pit¬ 
ting edema of varying magnitude that is neither too warm nor 
cold. The edema is not usually accompanied by lameness or 
pain unless massive enlargement or cellulitis occurs. Growth 
and activity are usually normal, but rest and limb massage do 
not typical I y reduce the severity of edema. Total plasma protein, 
serum protein electrophoresis, hemogram, and blood chem¬ 
istry are generally unremarkable. The diagnosis of primary 
lymphedema is based on history (age of onset, disease pro¬ 
gression, affected limbs, and distribution of edema), and clini¬ 
cal signs. Previous surgery, trauma, or infectious should also be 
noted. Radiographic lymphography may be needed to confirm 
the diagnosis in subtle cases and is helpful in determining mor¬ 
phology of anomalous lymphatic systems (see Figure 208-20). 

The prognosis for resolution of congenital lymphedema is 
guarded and depends on the cause* Occasionally, dogs that 
develop hindlimb edema during the neonatal period may 
improve spontaneously More frequently, dogs with severe 
edema of the limbs and trunk succumb during the first few 
weeks after birth. 127 Chronic lymphatic vessel dilation leads 
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restricted to the hindlimbs, whereas severe 

Although the 
limb is often more 
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Figure 208-20 Lymphangiogram of a young dog with lym¬ 
phatic dysplasia. After carmulation of a distal lymphatic vessel, 
contrast medium was infused into the 
reader should note the dilated, tortuous, lymphatic channels (L) 
that end blindly at the stifle (arrows), T } Ttibia; S, radiopaque 
surgical sponges. (Courtesy of C Wendy Myer, DVM, and John 
Bonagura, DVM.) 


to loss of contractility and permanent lymphatic valvular dys¬ 
function. Metabolic by-products accumulate and lead to col¬ 
lagen deposition and fibrosis. Complications such as abrasions 
and infection often develop. Dogs with primary lymphedema 
should not be used for breeding. Test matings of dogs with 
congenital lymphedema support the hypothesis of autosomal 
dominant inheritance with variable expression. 

Secondary lymphedema Persistent lymphedema occurs 
only after destruction or blockage of a considerable number of 
major lymph channels (or several sequential lymph nodes 
with their afferent or efferent lymphatics). 123 Factors that can 
delay or prevent edema formation include opening of collat¬ 
eral vessels, rerouting of lymph flow through peripheral lym- 
phaticovenous anastomoses and perilymphatic routes of 
lymph drainage, and increased venous fluid uptake. Secondary 
lymphedema is often related to a combination of lymphatic 


Figure 208-19 Marked, nonpainfu) edema of the left rear limb 
in a young dog with congenital lymphatic dysplasia. (Courtesy of 
John Bonagura, DVM.) 
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and venom obstruction. Inhibited 

lymphatic flow by altering Starling's forces toward increased 
tissue fluid accumulation. This overloads the lymphatic capil¬ 
laries and results in the accumulation of fluid in the intersti¬ 
tial space 133 Distal lymphatics may become more distended, 
causing loss of valvular competency, stagnation of lymph flow, 
mural insufficiency, and further accumulation of proteina¬ 
ceous fluid in subcutaneous tissues. Other 
include posttrauma tic or postsurgical interruption of lymphat¬ 
ics or lymph node excision and blockage of lymph nodes and 
lymph vessels by compression or invasive neoplasms. 
Lymphedema resulting from local neoplasia is usually a sign of 
widely disseminated and highly invasive malignant process. 
Several causes of secondary lymphedema have been 

rized in Table 208-2, 

Clinical 


of underlying systemic illness, limb edema may be the only 
detectable abnormality or may be accompanied bv fever, 
anorexia, and weight loss. Clmicopathologic findings depend 
the underlying primary disorder. 135 

Diagnosis is based largely on history and clinical 
lion and is facilitated by diagnostic imaging. Survey radio¬ 
graphs should be taken of suspicious 

include the pelvis or cranial thorax. In a substantial number of 
cases, soft tissue masses or destructive bony lesions can be 
detected. Abdominal ultrasonography can provide informa¬ 
tion about soft tissue masses and readily identifies enlarged 
lymph nodes and other structures. Lymphography or other 
imaging techniques may be indicated if the diagnosis remains 
unclear. Lymphography is often relied upon for definitive 
diagnosis of lymphatic disorders. In some cases the lymphatics 
are hypoplastic throughout their course. When aplastic, lym¬ 
phatics suitable for cannulation and injection of radiocontrast 
agent may not be found. Failure to outline a lymph node after 
lymphography is not absolute proof of its absence. 127 
Lymphographic features of primary lymphedema include 
lymph node aplasia and small lymphatics that end blindly 
anastomose into collateral vessels around (instead of into) 
lymph nodes where they would be normally found. 

Lymphoscintigraphy is an alternative approach for imaging 
peripheral lymphatics. This technique requires a gamma- 
camera system and intradermal injection of high molecular 
weight-radiolabeled colloids. 1 ^ 137 Such equipment and spe¬ 
cialized training are not widely available. When compared 
with conventional lymphography lymph nodes only appear 
hot spots, preventing adequate assessment of nodal structure. 

Differential diagnoses for dogs with edema confined to 
limb include inflammation, trauma, vascular obstruction, 
hemorrhage, cellulitis, phlebitis, and A-V fistula. Diagnostic 
considerations for dogs with edema involving both forelimbs 
include thrombosis or compression or invasion of the cranial 
cava by a mediastinal mass. With the latter, edema usually 
involves the head and neck regions and the limbs. Causes of 
only bilateral hindlimb edema include obstruction of sublum¬ 
bar lymph nodes by neoplastic infiltration. If all four limbs 
involved, the differential diagnoses should include hypopro- 
teinemia, CHF, renal failure, or portal hypertension. The dose 
association of lymphatic and venous structures can make it 
difficult to distinguish between lymphatic and 
obstruction, and both can occur at the same time. Ulceration, 
dermatitis, cyanosis, weeping varices, and fat necrosis are signs 
of venous obstruction rather than lymph stasis. 

Therapy is usually unrewarding. In the early stages of lym¬ 
phedema, medical management is directed to maintaining the 
patient's comfort and reducing swelling. Infectious disorders 
require long-term antimicrobial therapy. Some neoplasti 
ditions may benefit from chemotherapy or radiation therapy. 
Long-term heavy bandage application (eg,, Robert Jones 
splint) may encourage lymphatic flow and reduce subcuta¬ 
neous lymph accumulation. Local topical skin care and inter¬ 
mittent antibiotic therapy are helpful in reducing cellulitis. 
With the exception of isolated instances, pharmacologic thera¬ 
pies are generally unrewarding. The benzopyrones [eg., rutin) 

group of drugs that have been advocated to reduce 
high-protein lymphedema by stimulating macrophages, pro¬ 
moting proteolysis, and enhancing absorption of protein frag¬ 
ments.Long-term diuretic administration may be 
contraindicated, because after reduction of interstitial fluid, 
proteins in the residual interstitial space proteins may promote 
tissue injury. 135 Surgical options may include (1) procedures to 
facilitate lymph drainage from affected limbs (lymphangio- 
plasty, bridging procedures, shunts, omental transposition), and 
(2) procedures to excise abnormal tissue. Surgical excision of 
the subcutaneous edematous tissue should be staged to 
decrease devascularization. 135 Short-term administration of 


venous return increases 
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examina- 


areas, which often 


common causes 


a 


summa- 

signs associated with secondary lymphedema vary 
depending on the underlying systemic causes. Lymphedema may 
be localized to the periphery of an extremity [Figure 208-21) 
or extend proximaily to the subcutaneous tissues. 134 The loca¬ 
tion and severity of obstruction determine the extent of edema 
formation. For example, sublumbar or intrapelvic obstruction 
induces bilateral hindlimb edema and edema of the thighs and 
external genitalia. Mediastinal masses and thrombosis of the 
cranial vena cava induce bilateral edema of the front limbs and 
tissue of the ventral thorax, neck, and head. The clinician must 
palpate all lymph nodes carefully for enlargement and pain. 
With bilateral hindlimb edema, it is important to perform rectal 
or abdominal palpation to assess sublumbar lymph nodes. The 
prostate and anal region or mammary glands and vaginal 
should be carefully inspected for neoplasms, which can lead to 
obstructive intrapelvic processes. Intrapelvic masses should be 
suspected in all dogs with hindlimb edema and vague signs of 
sublumbar pain, discomfort during ambulation, or difficulties 
with defecation or urination. Depending on the type and extent 
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Figure 208-21 Pitting edema in a dog with a caudal lumbar 
mass. The edema was caused by either obstruction of 
return in the rear limbs or obstruction of lymphatic drainage. 
Tissue fluid was deformed by light digital pressure, resulting in a 
visible subcutaneous pit 

John Bongura, DVM) 


venous 


the rear limb (rtrroutf), (Courtesy of 
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Figure 208-22 Cat with peripheral edema 

lymph angiosarcoma. 


secondary to lymphatic obstruction by 




anti-inflammatory agents or diuretics, bandaging, and physical 
therapy may be helpful in cases of traumatic and postsurgical 
induced lymphedemas. 


radiation therapy. 144 Risk of recurrence is high due to inherent 
inability to identify distinct boundaries. 

Lymphangiosarcoma originates from lymphatic endothelial 
cells (Figure 208-22). H5 It is a rare malignant tumor in dogs 

and cats, although it is frequently reported secondary to 
chronic lymphedema in humans.* 46147 A breed or sex predis¬ 
position has not been detected, but medium to large breeds 
may be at highest risk, and both young and older animals 
are affected . N5 - l4B Metastasis occurs commonly in dogs 
and cats, although an isolated case without metastasis has 
been reported. 145 - 1 ^ Clinical signs include pitting edema of 
the extremities, inguinal region, axilla, and head and neck (see 
Figure 208-22), in a report of 12 cats with lymphangiosarcoma, 
nine presented with fast-growing, noncircumscribed subcuta¬ 
neous masses and the others with a thoracic or abdominal mass. 
In all cats affected the tumor was invasive, and complete sur¬ 
gical resection was not possible. ,4i * Associated chylous effusions 
(pleural, abdominal, subcutaneous) have been reported. 150 " 153 
Pulmonary lymphangiosarcoma was diagnosed in one dog 
with a chylous effusion. 153 Diagnosis is confirmed by obtaining 
a biopsy specimen. Histologically tumors of lymphatic endothe¬ 
lial origin are characterized by a neoplastic proliferation of 
endothelial cells. 1 mmunocytochemical stains have been used to 
confirm the diagnosis in dogs. The identification of the factor 
VUI-reiated antigen and vimentin indicates die cells are of 
endothelial origin. The intensity and distribution of the stain 
has been used to attempt to differentiate lymph angiosarcomas 
from hem angiosarcomas but is often inaccurate. Newer spe¬ 
cific markers to identify lymphatic endothelial cells have been 
identified in humans and remain to he validated in the canine 
patient. 153 The prognosis with lymphangiosarcoma is poor, 
with a high rate of local recurrence and metastasis. 


LYMPHANGIOMA* LYMPHANGIOSARCOMA 


Lymphangiomas are benign tumors of lymphatic capillaries 
and are thought to develop when primitive lymphatic sacs fail 
to establish venous communicatio n , 1 Lymphangiomas 
be classified into three categories based on their histologic 
appearance; (l) capillary lymphangiomas comprised of a net¬ 
work of cap illary-sized lymphatic channels, (2) cavernous 
lymphangiomas composed of dilated lymphatics that infiltrate 
the surrounding tissue, and (3) cystic hygromas {unilocular or 
multilocular 5 cystic masses lined by a single layer of endothe¬ 
lium supported by a connective tissue stroma and containing 

a straw-colored, proteinaceous [ L3 to 4.5 gm/dL] fluid ). m 

The lesions present as large, fluctuant masses in the subcuta¬ 
neous,- fascial, mediastinal, and retroperitoneal spaces. 141 
Lymphangiomas have also been diagnosed on the extremities, 
metacarpal pads, nasopharynx, axilla, inguinal and mammary 
region, retroperitoneal space, and skin of dogs. l3& - 142 - 143 Clinical 
signs aje related to the size, location, and extent of the lym¬ 
phangioma. They can exert pressure on surrounding structures 
and may interfere with muscle function, breathing (compres¬ 
sion of the trachea) f urination, or intestinal function. Lymph may 
ooze to the skin surface through single or multiple fistulous 
tracts. Differential diagnoses include other space-occupying 
masses such as abscesses, enlarged lymph nodes, neoplasms, and 
congenital cysts of non lymphogenic origin. The prognosis can 
be good after appropriate surgical excision, marsupialization, or 


can 

































































































Diseases of the Ear 


MaryAnn C. Radiinsky 
Diane E, Mason 


GENERAL CONCEPTS 


NONPRURITIC PINNAE ALOPECIA 


Many different disease processes affect otic health and should 
be considered when evaluating a dog or cat with possible ear 
disease, Signalment may implicate certain diseases over others. 
A complete history begins with general questions about the 
animal's health (e.g., appetite, sneezing, coughing, vomiting, 
diarrhea, water consumption) and questions pertaining to 
primary conditions associated with ear disease. Because the ear 
is a specialized extension of the integumentary system, a com* 
plete dermatologic history should be obtained (i.e., appearance 
of lesions at the onset of the condition; duration, progression, 
presence of pain or pruritus; past medical therapy and response 
to therapy; the presence of other dermatologic problems). 
A complete physical examination should be performed with 
special attention paid to the skin to evaluate for hypersensi- 
tivities, disorders of keratinization, endocrine disorders, and 
other dermatologic conditions. A complete neurologic exami- 
nation may reveal abnormalities associated with the middle 
ear (e.g., abnormalities of cranial nerves VII and VIII, Homer's 
syndrome, keratoconjunctivitis sicca, head tilt). Involvement 
of the inner ear results in other neurologic signs (e.g., head tilt, 
ataxia, strabismus, abnormal nystagmus), and differentiation 
from central vestibular disease is extremely important. 

Specific examination of the ear includes evaluation of the 
* concave and convex pinnal surfaces, palpation of the ear canals, 
and otoscopic examination. The ear may need to be cleaned 
before a thorough examination can be completed. Sedation 
anesthesia is occasionally necessary to perform a complete otic 
exam. This is especially true with chronic conditions of the 
ear Abnormalities of the otic exam include pain on palpation 
of th e a uricula r cartilages, nonpli able cartil age, ossified c artilage, 
epithelial hyperemia, swelling, erosion, ulceration, exudate 
accumulation, and hyperemia or lack of transparency of the 
tympanic membrane. Pain upon opening the mouth is not spe¬ 
cific to, but can occur with, ear disease. Other diagnostic tests 
should include cytologic examination of otic exudate and culture 
and susceptibility testing based on the cytology and clinical 
signs of the patient. Skull radiographs, computed tomography 
(CT), and magnetic resonance imaging (MRf) may be indicated 
for evaluation of the middle and inner ear Specific diagnostic 
tests are available to evaluate tympanic membrane integrity, and 
one should not assume that the tympanic membrane is intact 
prior to initiation of medical therapy, including ear cleaning, 
which may cause immediate exposure of the middle ear to 
ototoxic substances. 


Canine Pinnal Alopecia 

Canine pinnal alopecia is most commonly diagnosed in 
dachshunds but also occurs in Chihuahuas, Boston terriers, 
whippets, Yorkshire terriers, and Italian greyhounds. 1 - 2 The 
dition usually occurs in dogs over 1 year of age and results in 
slowly progressive, bilateral pinnal alopecia. Small vellus hairs 
remain, and complete pinnal alopecia, when it occurs, may not 
be present until 8 to 9 years of age. The pinnae may become 
chronically hyperpigmented and thickened. The remainder of 
the haircoat is usually normal. The condition is benign and 
requires no specific treatment. Differentiation from other 
alopecic conditions is by exclusion and histopathologic examina¬ 
tion. Miniaturized hair follicles are typically seen on histop athol- 
ogy Minoxidil, pentoxifylline, melatonin, and milbolerone have 
anecdotally been reported to induce hair growth in some 


con- 


Pattern Baldness 

Symmetrical alopecia or hypotrichosis of the pinnae, ven- 
trum, and caudal or medial thigh has been recognized in the 
dachshund and Staffordshire bull terrier? Hair loss begins 
with the pinnae at 6 to 9 months of age and may progress 
to complete pinnal alopecia. Total body alopecia with pig¬ 
mentation may occur with age. Treatment with oral melatonin 
may cause hair regrowth with this and other pattern baldness 
syndromes. 2 

Periodic Alopecia of Miniature Poodles 
and Siamese Cats 

Hair loss is usually adult-onset and acute with periodic alopecia 
of miniature poodles and Siamese cats. Progression of the condi¬ 
tion may result in complete, bilateral, pinnal alopecia; however, 
in cats the alopecia may be patchy or complete?- 2 The skin 
appears grossly normal The pathophysiology of the condition 
is not known, no treatment has been described, and the hair 
may regrow over a period of several months. 

Congenital Hypotrichosis 

A lack of pelage or loss of hair within the first month after 
birth has been diagnosed in the Belgian shepherd, cocker 
spaniel, toy poodle, miniature poodle, whippet, German 
shepherd, Yorkshire terrier, bichon frise, Lhasa apso, Labrador 
retriever, rottweiler, and basset hound. The condition is seen 
more commonly in males and usually involves the pinna, tem¬ 
poral region, caudal dorsum, and ventrum. Complete hair loss 
may occur by 12 to 14 weeks of age. Areas of alopecia may be 
well delineated from normal skin, and the condition can be 
diagnosed by finding a marked decrease in the density of hair 
follicles on skin biopsy of the affected area? A similar condi¬ 
tion exists in Birman, Burmese, Devon Rex, and Siamese cats 
but involves the entire coat, whiskers, claws, and tongue. No 
treatment exists for this condition; it is heritable, and the 
client should be discouraged from breeding the animal. 2 


or 


DISEASES OF THE PINNA 


Many different disease conditions can affect the pinna—some 
are specific to the pinna and others represent distribution 
of part of a systemic condition (Table 209-1). Following are 
specific diseases that primarily affect the pinnae (or affect the 
pinnae as an early manifestation of the disease). 
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Disease Conditions Affecting the Pinna 


Nonpruritic Alopecia 

Canine 

Periodic alopecia of miniature poodles 
Pinnal alopecia of short-coated breeds 
Idiopathic follicular dysplasia 
C on g en ita I hy pot rich os Es 
E strog e n - respo n s i ve d e rm atos i S 

Feline 

Idiopathic pinnal alopecia 
Iatrogenic hypothyroidism 
tatrogenic hyperadrenocorticism 


Color dilution alopecia 
Alopecia areata 
Congenital alopecia 

Dermatophytosis 
Ectodermal defects 


Pattern baldness 
Demodicosis 
Drug eruption 
Hypo thy fordism 


Dermatophytosis 
Congenital hypotrichosis 
Hyperthyroidism 


Demodicosis 
Alopecia areata 






Crusting and Scaling Dermatoses 

Canine 

Fly strike dermatitis 

Proliferative thrombovascular necrosis 

Zinc-responsive dermatosis 

Idiopathic hyperkeratosis of Boston terriers 

Idiopathic lymphocytic/plasmacytic dermatitis 

Idiopathic lichenoid keratosis 

Lichenoid psortaform dermatosis 

Cold agglutinin disease 

Feline 

Squamous cell carcinoma 
Insect bite hypersensitivity 
Pemphigus complex 


0 m 

m W 




Frostbite 

Demodicosis 

Pemphigus complex 
Ear margin dermatosis 
Lupoid dermatosis 

Superficial necrolytic dermatitis 
Dermat o m y osi tis 

Systemic lupus erythematosus (SLE) 


Sarcoptic mange 
Harvest mites 
Vasculitis 

Sebaceous adenitis 
Ear fissures 
Hypothyroidism 
Pediculosis 
Leishmania 


o m 
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Actinic dermatitis 


Notoedric mange 
Vasculitis 


Papular and Nodular Dermatoses 

Canine and feline 

Leoproid granuloma (canine) 

Sterile nodular histiocytic granuloma (canine) 
Eosinophilic folliculitis, furunculosis (canine) 
Eosinophilic granuloma (canine) 


Neoplasia 
Deep mycoses 

Foreign body 
Tick infestation 


Bacterial pyoderma 
Leishmania 
De rm ato ph ytos i s 
Xanthoma (feline) 


Pustular, Vesicular, and Bullous Dermatoses 

Canine and feline 
Pemphigus foliaceus 
Epidermolysis bullosa 


Pemphigus erythematosus 

Drug eruption 


SLE 


Contact or irritant dermatitis 


Concave Pinnal Disorders 

Canine and feline 
Atopy 

Sex hormone aberrations 

Food sensitivity 


Allergic contact dermatitis 
Seborrhea 

Idiopathic erythema/edema (canine) 


Hypothyroidism 
juvenile cellulitis 


Auricular Cartilage Disorders 

Canine and Feline 
Aural hematoma 


Auricular chondritis 


CRUSTING AND SCALING DERMATOSES 


the pinna or ear margin. The pinnai-pedal reflex (i.e., rubbing 
the pinna resulting in a pelvic limb scratch reflex) is often 
dated with sarcoptic mange but is not pathognomonic for the 
condition. Concurrent lesions often involve the lateral hocks and 
elbows and may spread to the rest of the body. The diagnosis is 
usually made with skin scrapings; however, multiple scrapings 


Scabies and Mange 

Erythematous, papular dermatitis of the distal pinnae associated 
with significant pruritus is an early manifestation of Sancoptes 
scabiei in dogs. Crust and scale will usually first affect the tip of 
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may be necessary to achieve the diagnosis. 3 The presence of 
a single mite, egg, or fecal droppings is diagnostic for the disease. 
All animals in the household should be treated, and the condi¬ 
tion is zoonotic, so owners and handlers should be made aware 
of the condition. Initial treatment consists of removal of crusts 
and debris, followed by an acararidal dip such as lime sulfur, 
permethrin, organophosphate, or amitraz, which may shorten 
time to resolution of clinical signs and diminish zoonotic poten- 
rial Ivermectin administered subcutaneously, twice at 14-day 
intervals, or orally three times at 7-day intervals, results in cure. 

A similar dose schedule exists for milbemcyin. Topical application 
of selamectin or fipronij may also be curative. 

Feline mange, caused by Notoedres cati t results in alopecia, 
pruritus, excoriations, and thick crusts of the rostral pinnae 
and is usually restricted to the ears and head. The extremities 
and perineum may also be affected due to the sleeping and 
grooming habits of cats. The parasite may also inhabit dogs, 
foxes, and rabbits; transient lesions have been reported in 
humans.' The diagnosis is made with skin scrapings, and lime 
sulfur or amitraz dips are effective treatments. Ivermectin 
given two or three times subcutaneously is also effective. 2 

Fly Strike Dermatitis 

Insect bite dermatitis, primarily caused by the stable fly, 
Stomaxys calcitrans, results in serosanguineous, crusting der¬ 
matitis on the ear tips in dogs with erect ears or on the folded 
edge of the pinna in dogs with pendulous ears. Chronic fly 
strike dermatitis can become granulomatous in nature. Horse 
flies (Tabanus species) and deer flies (Chrysops species) may 
also plague dogs that are housed outdoors, but their bites are 
usually less reactive than stable flies. The diagnosis is based on 
an environmental history and response to limiting outdoor 
exposure. Fly repellents containing permethrin, citronella, or 
diethyltoluamide (DEET) in petroleum jelly may be used to 
diminish repeated fly bites. Topical corticosteroid with an 
antibiotic may hasten the resolution of clinical signs.Black 
flies (Simulium species) may also cause papular dermatitis and 

alopeci a i n dogs. 

Cats can develop a seasonal hypersensitivity to mosquito 
bites. Papules, erythema, alopecia, and hypo pigmentation occur 
on the pinnae and face. Pyrexia, lymph adenopathy, and footpad 
lesions may also occur 

Actinic Dermatitis and Squamous Cell Carcinoma 

Damage to the skin by long-term sun exposure occurs most 
often in white cats, although the condition is also reported in 
dogs and in cats with pigmented skin. The pinna is most often 
affected due to its sparse hair covering; the nose, lips, and eyelids 
may he similarly affected. Waxing and waning ear tip erythema 
may progress to the development of fine scale and alopecia 
early in the disease. Erosive, crusted, hemorrhagic lesions and 
folding of the pinna occur as a precancerous condition, which 
may ultimately lead to carcinomatous change. 1 Squamous 
cell carcinoma is most often diagnosed in older cats (mean 
age, 12.8 years) with either skin scrapings or biopsy. 5 

Treatment of actinic dermatitis ideally consists of limiting 
sun exposure between the hours of 10 am and 4 pm by housing 
indoors and eliminating sunbathing behavior. Application of 
sunscreen of SPF 15 or greater may also decrease the effects 
of solar radiation. P-carotene and canthaxanthin administered 
orally and the use of retinoic acids {i.e., isotretinoin, etretinate) 
have also been reported. 1 ' 2 An initial response to therapy may 
be seen, but long-term effectiveness has not been thoroughly 
investigated. 6 Strontium plesiotherapy has been used in the 
treatment of actinic dermatitis. Failure to respond to medical 
management is an indication for pinnectomy. 

Squamous cell carcinoma is usually locally invasive and 
slow to metastasize to either local lymph nodes or the lung. 
Pinnectomy is an effective mode of therapy for severe actinic 


dermatitis and squamous cell carcinoma. Cryosurgery, radio¬ 
therapy, brachytherapy, hyperthermic, and photodynamic ther¬ 
apy have also been used on focal lesions; systemic chemotherapy 
is not considered effective. 

Frostbite 

Animals affected by frostbite are usually systemic ally ill or 
have recently moved to a cold environment. The ear tips are 
pale, cyanotic, hypoesthetic, and cool to the touch after expo¬ 
sure With warming, the tissues become hyperemic and develop 
scale, crust, and alopecia. The ear tips may curl, necrose, and 
eventually slough. Initial treatment consists of rewarming 
with warm water and subsequent symptomatic therapy for 
scaling and crusting dermatitis. Amputation of necrotic tissue 
results in improved cosmesis with haired skin and decreases 
the risk of recurrent freezing, which is more likely in previ¬ 
ously frostbitten tissue. 

Vasculitis 

The underlying cause of vasculitis is often unknown, but the 
condition occurs subsequent to Type I and Type III hypersen* 
sitivity reactions and the deposition of antigen and antibody 
complex within the vascular wall 2 The lesions are character¬ 
ized by erythema, edema, and eventual necrosis and sloughing, 
leading to a "punched out JI or ulcerated appearance to the pinnae. 
Other affected areas include the lips, tail, pads, and nails. 
A neutrophilic, eosinophilic, or lymphocytic vasculitis may 
be evident on histopathology. Proliferative thrombovascular 
necrosis of the pinnae is a form of vasculitis reported in dogs. 
Inflammatory vasculitis is not evident in this syndrome and 
cause is unknown. Conditions such as rickettsial disease, drug 
eruption, immune-mediated disease, and other underlying 
systemic conditions should be ruled out. Therapy should 
be directed at treating the underlying cause. Idiopathic vas¬ 
culitis cases may respond to immunosuppressive doses of 
corticosteroids. Other reported treatments include pentoxy- 
phylline, sulfasalazine, or dapsone. 1 Surgical excision of the 
affected portion of the pinna with wide surgical margins may 
be indicated if medical management is unsuccessful. 2 

Hyperkeratosis 

Crusting and scaling of the pinnae may be caused by idiopathic 
defects in keratinization, primary disease conditions causing 
seborrhea, and secondary changes in keratinization due to 
parasitism. Ear margin dermatosis is common in dachshunds 
and other breeds with pendulous ears. Seborrheic changes 
begin at the ear margin and progress to confluence of scale and 
significant alopecia. Pruritus is variable but may be present in 
severe cases. The condition is not curable but controllable with 
keratolytic keratoplastic shampoos (e.g., su 1 fur-asa 1 icylic acid, 
benzoyl peroxide or benzoyl peroxide-sulfur, selenium sulfide), 2 
Severe cases may require topical or systemic corticosteroid 
treatment due to inflammation associated with removal of crusts 
or ear fissure formation. 

Sebaceous adenitis is associated with an inflammatory 
process of the sebaceous glands. Follicular disruption, alopecia, 
and surface scale initially affect the pinna and may involve the ear 
canal and trunk. 1 No direct therapy exists for lost sebaceous 
glands, and supportive care with fatty acids, humectants, and anti¬ 
inflammatory corticosteroids can be useful. Retinoids have been 
used in cases with a granulomatous response to the process. 2 

Other less common disorders can cause hyperkeratosis of the 
pinna. Idiopathic benign lichenoid keratosis has been diagnosed 
in four dogs with multiple wartlike papules and h yperkeratotic 
plaques on the pinnae. 3 Lichenoid psoriaform dermatosis is a 
rare condition in which erythematous papules and lichenoid 
plaques appear on the concave surface of the pinna, external ear 
canal, and ventral head and trunk. Treatment consists of antlmL 
crobial shampoo, systemic antibiotics, and corticosteroids. 
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Lupoid dermatosis is a heritable condition of German short- 
haired pointers in which progressive, nonpruritic scale occurs 
on the pinnae, face, and trunk. No therapy is available for the 
condition. 

Nutritional Dermatoses 

Zinc deficiency caused by dietary insufficiency or inability to 
absorb dietary zinc results in crusting lesions of the pinna, and 
perioral, periorbital, perianal, and perivulvar sites of dogs. 
Food allergy can result in steroid-resistant alopecia, crust, 
scale, hyperpigmentation, and lichenification of the pinnae. 
Dietary restriction followed by feeding trials is diagnostic of 
the condition, which may be associated with lesions and 
pruritus on other parts of the body 


Allergic Contact Dermatitis 

Allergic contact dermatitis is a rare condition described in 
middle-aged animals due to the long period of induction 
required for development of delayed hypersensitivity to the 
offending substance. The condition is often diagnosed sec¬ 
ondary to topical medication used to treat otitis externa and 
may result in pinna! alopecia. 

Defects in Keratimzation 

Systemic conditions such as hypothyroidism, sex hormone 
aberrations, and seborrhea may affect the concave surface of 
the pinna. Grease accumulation and hyperkeratotic dermatosis 

may result. 

juvenile Cellulitis 

Juvenile sterile granulomatous dermatitis and lymphadenitis 
is a rarely diagnosed condition; predisposed breeds include the 
golden retriever, dachshund, Labrador retriever, and Lhasa apso. 
Dogs are usually less than 6 months of age when they develop 
significant mandibular and prescapular lymphadenopathy and 
edema, exudate, papules, and pustules of the pinna, muzzle, 
and periocular skin. 3 The diagnosis is based on clinical presen¬ 
tation, culture and susceptibility testing, and skin biopsy. 
Treatment consists of immunosuppression with corticosteroids, 
which are tapered over 3 to 4 weeks after remission of clini¬ 
cal signs. Systemic antimicrobial therapy is indicated for the 
treatment of secondary bacterial pyoderma. 




DERMATOSES CAUSING PAPULES AND NODULES 


co o 


Tick Infestation 

The following ticks may cause local irritation and secondary 
granuloma formation of the pinna in dogs: American dog 
tick [Dermacentor uariabilis ), lone star tick (Amblyomma 
americanum), brown dog tick (Rhipicephalus sanguineus), and 

Ixodes species, 3 Of these ticks, Ixodes spp. is least likely to be 
identified on the pinna or head. Treatment should be aimed at 

insect removal and prevention of reinfestation. 

Neoplastic Lesions 

Auricular tumors are more common and more often malignant 
in cats than dogs. Commonly diagnosed canine pinnal tumors 
include squamous cell carcinoma, cutaneous histiocytoma, mast 
cell tumor, sebaceous adenoma, and papilloma. Squamous cell 
carcinoma, mast ceil tumor, basal cell tumor, and fibrosarcoma 
are commonly diagnosed in cats. 

Granulomatous Lesions 

Pinnal granulomas may be associated with bacterial infection 
(Staphylococcus species, Nocardia, Actinomyces , mycobacteria, 
atypical mycobacteria), dermatophytosis, deep mycoses, algae, 
Leishmania , and foreign bodies. Canine leproid granuloma occurs 
in short haired dogs primarily in cool, moist environments. Two 
millimeter to 5 cm nodules have been described with superficial 
alopecia and ulceration occurring on the dorsal pinna and head. 
Although acid-Fast bacilli have been identified on histopatho¬ 
logic exarnination, cultures are usually negative. Lesions usually 
resolve spontaneous) y or respond to surgical excision ® 




og 

CO ?? 


c n 




o -n 






AURICULAR CARTIi AGE DISORDERS 


Aural Hematoma 

Aural hematomas occur in both dogs and cats secondary to 
the self-induced trauma of head shaking or scratching. Blood 
accumulates w ithin the fractured cartilage of the pinna, although 
swelling is most visible on the concave aspect. Any animal 
diagnosed with an aura] hematoma should undergo a complete 
evaluation and treatment for otitis externa, because continued 
head shaking will predispose the animal to enlargement or 
recurrence of the hematoma* Small hematomas may resolve 
without therapy; however, second-intention healing may cause 
deformation of the pinna with a poor cosmetic result* Treatment 
of the hematoma may consist of corticosteroid injection, evacua¬ 
tion and bandaging, teat cannula drainage, Penrose drain place¬ 
ment, or closed suction drainage, Surgical incision, drainage, 
curettage, and d osure with mattress sutures is preferred because 
it provides apposition of the cartilage edges and cosmetic 
results* Sutures remain in place for 21 days to allow adequate 
cartilage healing. Treatment of the concurrent otitis externa and 
its underlying cause are vital to the prevention of recurrence. 

Auricular Chondritis 

Auricular chondritis {relapsing polychondritis in cats) is an inflam¬ 
mation and destruction of auricular cartilage usually classified as 
an immune-mediated disorder. The pinnae are bilaterally swollen 
and deformed in most cases, although unilateral involvement is 
possible. Diagnosis is based on biopsy findings of lymphoplasma- 
cytic inflammation with cartilage necrosis, and treatment may be 
minimal if no significant systemic signs exist. Attempted treat¬ 
ment with immunosuppressive doses of corticosteroids was not 
successful in cats; dapsone therapy may induce remission* 2 


DERMATOSES CAUSING PUSTULES, VESICLES, 

AND BULLAE 


Autoimmune disorders commonly affect the concave aspect of 
the pinnae. Lesions are usually symmetrical; vesicles, erosions, 
and blisters may appear on the pinna prior to the occurrence 
of generalized disease. Pemphigus complex, systemic lupus 
erythematosus (SLE), bullous pemphigoid, and epidermolysis 
bullosa 9 have been associated with pinnal lesions. The diagnosis 
may be made with cytology and skin biopsy. Differential diag¬ 
noses include bacterial infection, drug eruption, and contact 

hyperse nsiti vity. 


t 


CONCAVE PINNAL DERMATOSES 


DISEASES OF THE EXTERNAL EAR CANAL: 
OTITIS EXTERNA 


Atopy 

Erythema and hyperplasia of the pinna and upper external 
canal are early signs of atopy. Hyperpigmentation, lichenification, 
and erythematous ceruminous otitis may result if the condi¬ 
tion is allowed to progress. 


Normal Anatomy and Physiology 

The external ear canal collects and delivers sound to the tym¬ 
panic membrane. The ear canal is composed of auricular and 
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annular cartilages that roughly approximate with the vertical 
and horizontal portions of the canal. The normal dog has a 
45-degree angle of the horizontal canal; the angle is approxi¬ 
mately 90 degrees in cats. Stratified squamous epithelium 
with sebaceous glands, ceruminous or apocrine glands, and 
hair follicles line the canal. Sebaceous glands located in the 
superficial dermis secrete neutral lipids that assist in mainte¬ 
nance of keratinization, in capturing and removing debris, and in 
decreasing the humidity of the ear canal. Acid mucopolysac¬ 
charides and phospholipids are the main secretions of ceru¬ 
minous glands located deeper in the dermis. The glandular 
secretions help to maintain proper humidity and pH in the 
ear canal, and a normal flora of bacteria and yeast have been 
identified in the external ear canal of normal dogs and cats. 
Removal of debris from the deeper portion of the ear canal is 
achieved in many ways. The ratio of apocrine to sebaceous glands 
decreases from proximal to distal in the ear canal, resulting in 
more aqueous cerumen deeper in the canal, and the number 
of glands and hair follicles also decrease deep in the ear canal. 
The tympanic membrane is composed of three layers, with 
epithelial cells migrating away from the center of the tympa¬ 
num, which aids in the removal of debris and secretions from 
its surface. 


cytologic appearance may suggest reaction to medication or a 
change in either the type of inflammatory process or 
secondary pathogens. 

Culture and Susceptibility Testing Cultures need not be 
done if external ear canal cytology is negative for bacteria; it 
is unlikely that either yeast or bacteria would be present on 
cultures or would contribute to the disease process in those 
cases. Culture with susceptibility testing should be considered 
whenever resistant bacteria may be present or when prolonged 
or systemic therapy are indicated (e.g., gram-negative bacteria 
and inflammatory cells identified on cytology, chronic bacte¬ 
rial otitis, suspected otitis media, failure to respond to appro¬ 
priate medical therapy). 1314 Cultures should be collected 
from the tympanic bulla in all suspected cases of otitis media, 
because horizontal ear canal samples do not correlate with 
those from the middle ear in over 89% of cases, and cytologic 
examination of the middle ear may be negative despite the 
presence of otitis, 5 - Because bacteria may not cross the tym¬ 
panic membrane, cultures from both sites should provide the 
highest yield of pathogenic bacteria. Yeast cultures are not 
routinely performed, because cytology is more sensitive than 
culture for yeast organisms, which may require specific lipid 
supplementation of the growth media for some species. 

Radiology, Computed Tomography, and Magnetic 
Resonance Imaging Diagnostic imaging may be used to 
evaluate the patency of the external ear canal and may be nec¬ 
essary to evaluate the integrity of the tympanic bulla. 
Underlying otitis media should be identified because it perpet¬ 
uates otitis externa and requires specific therapy separate from 
that for otitis externa. Evaluating the tympanic membrane to 
diagnose otitis media, however, can be difficult in cases with 
significant secondary changes in the external ear canal. Treating 
otitis externa may decrease secondary changes and allow tym¬ 
panic visualization at a later date, or imaging may be pursued. 
Radiographs are not as sensitive as CT or MRI for detecting 
abnormalities of the tympanic bulla. 18 20 If obstructive external 
ear disease does not respond to therapy or if the ear c anals are 
palpably fibrotic or ossified, total ear canal excision and bulla 
osteotomy are required. Imaging of the middle ear is not neces¬ 
sary in those cases, because the middle ear can be evaluated 
at surgery via bulla osteotomy. Radiographic changes or changes 
on CT or MRI are valuable in patients with otic neoplasia. 
Significant changes of the tympanic bulla suggest that complete 
surgical excision may not be possible. Advanced imaging is also 
valuable in cases of otitis interna and central vestibular disease. 
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Diagnostic Principles 

Physical Examination Complete examination of the pet 
with otitis includes general physical, dermatologic, otoscopic, 
and neurologic examinations. An otoscopic examination 
should be performed slowly and deliberately with dorsal and 
lateral traction on the pinna, keeping the otoscope centrally 
located in the canal to avoid placing pressure on the epithe¬ 
lium. Hyperemia, erosions, ulcers, exudate, foreign bodies, steno¬ 
sis, and masses should be noted. The tympanum should be thin, 
pale, gray, and translucent, with a visible manubrium of the 
malleus. The tympanum is usually seen in 75% of dogs with 
normal ears and in 28% of dogs with otitis. 3 Otoscopy ts not 
sensitive for rupture of the tympanic membrane but can be 
diagnostic of obvious ruptures. 

Cytologic Examination Cytologic examination of exudate 
within the ear canal is a mandatory part of assessing pets with 
otitis. Cytology should be done at initial examination and at 
each re-evaluation, because gross appearance of exudate does 
not correlate with microscopic character. Material should be 
collected prior to cleaning the ear canal; specimens collected 
from the horizontal canal through the otoscope cone may be 
more representative of the disease process. 3 Mineral oil cytology 
is the technique most often recommended for identification 
of parasites, A cerumen sample is mixed with mineral oil on 
a glass slide prior to microscopic examination. Heat-fixed otic 
exudate should also be stained with modified Wright's stain 
(Diff Quik American Scientific McGraw, IL) and Gram stain for 
evaluation of bacterial pathogens and yeast under oil immer¬ 
sion microscopy (xIOG). The morphologic type of bacteria, 
gram-staining characteristics, and presence or absence of 
inflammatory cells, cerumen, and debris should be noted. 

Many clinicians use a scale of 1+ to 4+ in describing numbers 
of yeast, bacteria, and inflammatory cells to allow evaluation 
of the progression of the disease process. However, low numbers 
of bacteria and yeast per high-powered field (hpf) (x4Q dry) 
may be identified in normal ears. 12 Dogs and cats should have 
two yeast and five bacteria or less per hpf. 12 Yeast numbers 
5/hpf or greater in dogs and 12/hpf or greater in cats are 
abnormal. Bacteria 25/hpf or greater in dogs and 15/hpf in cats 
are associated with otitis. 12 Persistence of the same pathogens 
on re-evaluation suggests lack of efficacy or inappropriate ther¬ 
apy, incorrect identification of the primary disease process, 
or lack of owner compliance with therapy, Any change in the 


PATHOPHYSIOLOGY 


Otitis externa describes any inflammatory condition of the 
external ear canal. The estimated incidence of otitis in dogs and 
cats ranges from 4% to 20% and 2% to 6.6%, respectively. 
Clinical signs associated with the condition vary, depending 
on the cause of the otitis. General signs consist of head shaking, 
scratching, otic pain, and a variable accumulation of cerumen 
or exudate. The external canal responds to chronic inflamma¬ 
tion of the dermis and epidermis with epithelial hyperplasia 
and hyperkeratosis, sebaceous gland hyperplasia, and cerumi¬ 
nous gland hyperplasia and dilation. These changes are associ¬ 
ated with increased cerumen production; however, increased 
humidity, increased pH, and decreased lipid content of the 
cerumen predispose the animal to secondary infection. 
Apocrine gland rupture, sebaceous gland degeneration, ear 
canal stenosis, and fibrosis or ossification of the canal (or both) 
usually occur with the end stages of otitis. 31 Because perma¬ 
nent changes of the ear canal can occur with any cause of 
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otitis externa, primary, predisposing, and perpetuating factors 
should be investigated in all cases of otitis. 

Primary Factors 

Primary factors are capable of causing otitis in normal ears. 
Primary factors may not be cured but often are controlled 
with appropriate therapy. 

H y pe rsens iti v ities 

Atopy and food hypersensitivity Otitis externa is a clinical 
sign in 50% to 80% of atopic or food-sensitive dogs and may be 

the sole clinical sign associated with atopy, 220 Erythematous 

ceruminous otitis is most commonly associated with allergic 
skin disease. 24 Early clinical signs of bilateral pruritus, concave 
pinna! erythema, and mild erythematous and ceruminous otitis 
of the proximal ear canal may progress to significant otitis 
externa and pinnal hyperpigmentation. The pet can develop 
end-stage otitis if the primary cause is not identified and treated. 
Aural pruritus is common to atopy and food hypersensitivity; 
however, steroid responsiveness is usually only seen with atopy. 
Atopic dogs also tend to have a slower progression of disease 
than food-sensitive dogs. Secondary infection with either 
Malassezia pachydermatis or bacterial coed is common. A defini¬ 
tive diagnosis is based on biopsy, intraderma! skin testing, sero¬ 
logic testing, or dietary restriction and subsequent diet trials. 

Contact hypersensitivity and irritant reaction Topical otic 
preparations may cause a delayed hypersensitivity or irritant 
reaction to the ear canaL A response to initial therapy is fol¬ 
lowed by progression of disease or change in the character of 
the otitis with continued therapy. Worsening of clinical signs 
can occur if the medication is discontinued then readminis¬ 
tered. Neomycin, propylene glycol, and dimethyl sulfoxide 
have been associated with irritant otitis. Reactions are occa¬ 
sionally noted with alcohol, glycerin, povidone-iodine, and 
concentrations of acetic acid greater than 2%, 3 Contact hyper¬ 
sensitivity or an irritant reaction should be suspected any time 
otitis externa is exacerbated by therapy or upon changes in 
the gross or cytologic appearance of the otitis. Both contact 
hypersensitivity and irritant reaction act as perpetuating factors 
of otitis externa despite control of the primary factor. 

Ectoparasites 

Qtodectes cynotis is the cause of otitis externa (otocariasis) 
in up to 50% of cats and 10% of dogs with otitis externa. 5 The 
infestation in cats may be classified as one of the following: 
(1) otitis externa, (2) ectopic infestation, or (3) asymptomatic 
carrier. Signs of otitis include significant pruritus, pinnal erythema 
and crusting, and accumulation of cerumen in the external ear 
canal. Gross character of the cerumen is not correlated to the 
microscopic findings, but is usually dark brown to black in 
color. Mites may be observed on otoscopic examination; how¬ 
ever, mineral oil cytology is recommended, because few mites 
are required to cause clinical signs. Mites may concurrently 
inhabit the skin of the head and neck in animals with otitis. 
True ectoparasite infestation usually results in miliary dermati¬ 
tis and patchy alopecia in cats. Treatment can include any of 
the following: carbamates, pyrethrins, rotenone, ivermectin, 
thiabendazole, or fipronyl. 25 Selamectin has recently been proven 
safe and effective for treating otocariasis in both dogs and 
cats 2 The 3-week cycle of the parasite should be considered 
in treatment planning. 

Demodex canis has been associated with mild otitis and 
excessive cerumen production in dogs with the generalized 
form of demodi cosis, The diagnosis is made with mineral oil 
cytology; other diagnostics (e.g., biopsy) are less often required. 
Other parasites such as harvest mites (Neotwmbicula autumnahs 
and Euotrombicula alfredugesi) and ticks {Otobius megnini) may 


cause otitis externa. Reinfestation is a common problem due 
to environmental exposure to these parasites. 

Foreign Bodies 

Younger dogs, especially hunting or working breeds, are pre¬ 
disposed to otic foreign bodies. The most common foreign 
body associated with otitis is the grass awn; however, other 

foreign bodies include dirt, sand, cerumen, exudate mixed 
with hair, and conglomerates of dried ear medication. AH can 
incite inflammation. Dogs are usually acutely painful, bilateral 
foreign bodies are possible, and approximately 20% of otic 
foreign bodies penetrate the tympanic membrane, leading to 
otitis media, 3 

Kerotinizotion Defects 

Hypothyroidism, male feminizing syndrome, Sertoli cell tumor, 
hyperestrogenism, and idiopathic seborrhea may be associated 
with mild otitis externa. Idiopathic seborrhea in cocker spaniels 
and hereditary defects in cats leading to seborrhea may cause 
erythematous ceruminous otitis. Changes in the microenviron¬ 
ment of the ear canal lead to secondary purulent otitis. 

Idiopathic Inflammatory or Hyperplastic Otitis 

Cocker spaniels may be affected by severe, proliferative otitis 
externa at a young age. Concurrent dermatologic conditions 
are not necessarily present but should be ruled out for proper 
management. The cause of the condition is unknown but may 
be due to a primary glandular disorder. 2 


E 
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Other Primary Factors 

Immune-mediated disorders such as pemphigus complex may 
be associated with both pinnal lesions and otitis externa. 
Pemphigus foliaceus may involve only the ears in some cases, 
but lesions on other parts of the body 


are usually present. 
Drug eruption from systemic ally administered drugs may also 
cause both pinnal lesions and otitis externa. Older animals 
with chronic or recurrent otitis should be evaluated for benign 
or malignant neoplasia of the skin or adenexal structures of 
the ear 


Predisposing Factors Predisposing factors make otitis 
likely by altering the environment of the external ear canal, 
thereby making the ear more susceptible to inflammation and 
secondary infection. 

Anatomic Changes 

Increased soft tissue within the ear canal, increased compound 
hair follicles in the canal, and stenotic canals (e.g., Sbar Pei, 
bulldog, chow chow) or chronic changes associated with previ¬ 
ous bouts of otitis may be predisposing factors for otitis externa. 
Dogs with pendulous ears are predisposed to otitis, and otitis 
is common in breeds of dogs exhibiting increased ceruminous 
compared with sebaceous gland area (e.g,, cocker spaniel, 
Labrador retriever, springer spaniel). 2 * 1 Hair is normally present 
in the ear canal, and increased numbers of hairs or presence of 
compound hair follicles have not been correlated to the inci¬ 
dence of otitis in dogs. Routine hair plucking is therefore not 
recommended and may incite an inflammatory response within 
the epithelium, perpetuating otitis externa. 

External Environment 

Increases in temperature and humidity in the environment 
may be reflected in the ear canal. The incidence of otitis 
externa is seasonally related to temperature, humidity, 
and rainfall, A lag period of 1 to 2 months is associated with 
cases of canine otitis and may vary with geographic location. 
Positive cultures of the ear canal are more likely during times 
of increased environmental temperature and humidity, 3 
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Perpetuating Factors Perpetuating factors exacerbate the 
inflammatory process and can maintain the disease after the 
primary factor has been eliminated. They can induce permanent 
pathologic changes to the ear canal and are the main reason 
for treatment failure in otitis externa. 


Treatment Errors, Undertreatment, 
and Overtreatment 

Incorrect treatment of otitis allows bacterial or yeast overgrowth 
or infection and denies treatment of the primary factor causing 
otitis. Overapplication of medication or use of occlusive medi¬ 
cations increases the humidity of the ear canal, leading to 
epithelial maceration and inflammation, perpetuating otitis; 
accumulation of dried medication acts as a foreign body 
within the ear canal. Undertreatment allows progression of 
the disease and the development of resistance in the bacteria 
causing secondary infection. 


Secondary Bacterial Colonization and Infection 

Normal bacterial flora exist in the ear canal of dogs and cats. 
Staphylococcus species and Streptococcus species are often 
cultured, Pseudomonas is rarely cultured, and Proteus was not 
cultured from the normal canine ear canal. 13 Malassezia has 
also been identified on cytologic examination in normal dogs 
and cats, and its numbers are significantly increased in erythema¬ 
tous ceruminous otitis. 13 Bacteria and yeast are opportunistic 
pathogens hut can cause significant secondary changes of the 
ear canal with chronic infection, Increased numbers of bacteria 
without an inflammatory response may represent colonization, 
which often responds to topical therapy. The presence of inflam¬ 
matory cells suggests true infection, and culture and susceptibil¬ 
ity is recommended due to resistance patterns of many bacteria. 
In colonization and infection, cleaning the external ear canal 
removes exudate, debris, toxins, free fatty acids, and bacteria 
that perpetuate inflammation and secondary changes of the 
ear canal. 2 '* 


GENERAL PRINCIPLES OF MANAGEMENT 


The therapeutic plan for otitis externa requires identification 
of the primary disease process and perpetuating factors. 
Ideally management is aimed at thoroughly cleaning and 
drying the ear canal, removing or managing the primary factors, 
controlling perpetuating factors, administering appropriate 
topical or systemic therapy (or both), and evaluating response 
to therapy. 

Ear Cleaning 

Ear cleaning serves several functions: (1) it removes material 
that supports or perpetuates infection; (2) it removes bacte¬ 
rial toxins, white blood cells (WBCs), and free fatty acids that 
stimulate inflammation; (3) it allows complete evaluation of 
the external ear canal and tympanum; (4) it allows topical 
therapy to contact all portions of the ear canal; and (5) it 
removes material that may inactivate topical medications. 1 - 13 
Significantly painful ears may benefit from initial anti¬ 
inflammatory therapy to decrease pain and swelling of the ear 
canal prior to cleaning. Severe cases of otitis externa often 
require general anesthesia to facilitate complete cleaning and 
evaluation of the external and middle ear. 

Many different solutions are available for removing ceru¬ 
men, exudate, and debris from the ear canal (Table 209-2). [f 
the tympanic membrane cannot be visualized, only physio¬ 
logic saline solution or water should be used, because many 
topical cleaning agents are ototoxic or incite inflammation of 
the middle ear. An operating otoscope, ear loops, and alligator 
forceps facilitate manual removal of large amounts of ceru¬ 
men or debris. Debris is carefully removed under direct visu¬ 
alization, and care is taken deeper in the ear canal (close to the 
tympanic membrane). Aggressive hair removal is not advised, 
because inflammation and damage to the epithelium can result 
in secondary bacterial colonization and infection. Flushing 
may be performed after large accumulations of cerumen and 
debris are mechanically removed from the ear canal. 

Flushing and evacuation of solution is done under direct 
visualization through an operating otoscope. A bulb syringe 
and red rubber catheter system may be used to both flush and 
evacuate solutions and accumulations from the ear canal. The 
operator, avoiding drastic pressure changes within the external 
ear canal that could damage the tympanum, should carefully 
control suction and manual evacuation of the contents of the 
bulb syringe from the ear canal. Other alternatives include 
tomcat catheters (3.5 F) or flexible, intravenous catheters 
(14 gauge. Teflon); stiff, narrow catheters should be used cau¬ 
tiously and under direct visualization deep in the external ear 
canal. Other reservoir systems for delivery or evacuation of 
solutions include a 12 mL syringe or suction tubing attached 
to in-house vacuum systems. In-house vacuum systems should 
be used cautiously and under direct visualization. Care should 
be taken to avoid trauma to the tympanic membrane until its 
integrity can be assessed. Initial flushes should be done with 
physiologic saline solution or water until the integrity of the 
tympanic membrane is established. 


Staphylococcus species are common in dogs with otitis as 
are Pseudomotuis aeruginosa , Proteus species, Escherichia coli , 

is. JO 


Corynebacterium species, and Streptococcus species. 
Acute purulent otitis externa is less common than chronic, 
but with chronicity and repeated treatment, gram-negative 
bacteria, such as Pseudomonas and Proteus, predominate. 
The associated otitis may have surface erosions or ulcers and 
copious exudate. Cats may be secondarily infected with 
Pasteurella multocida and less often Pseudomonas aeruginosa , 
Proteus species, or E. coli . ] 


Malassezia Pachydernuztis Budding yeast has been iden¬ 
tified on ear cytology of normal dogs (up to 50%) and cats i up 
to 17.6%)J 7 Malassezia 


are considered part of the normal 
flora and an opportunist in cases of otitis externa, particularly 
% in cases of erythematous ceruminous otitis. Malassezia are lipid- 

dependent yeast that overgrow in conditions of increased 
moisture, increased surface lipids, and compromised barrier 
function of the stratum comeum,- 1132 Enzymes produced 
by the yeast may allow depolymerization of the interstitial 
matrix (e.g,, hyaluronidase, ehondroitin-sulphatase) and cell 
membranes (eg,, proteinase, phospholipase), increasing tissue 
invasion and penetration. 32 Cytologic examination is more 
valuable than culture, because some species of Malassezia 
require specific media supplemented with long-chain fatty 
acids. 1711 


Chronic Anatomic Changes 

Increased soft tissue volume within the ear canal associated 
with chronic otic inflammation leads to ear canal stenosis 
and alters the otic microenvironment. Chronic changes of 
the epidermis, adenexa, dermis, and cartilage are described 
in the previous pathophysiology section. The microenviron¬ 
mental alterations associated with chronic ear canal stenosis 
and inflammation favor bacterial and yeast proliferation and 
the retention of exudate. The changes also hinder proper 
cleaning and medication of the deeper portions of the external 
ear canal. 


Otitis Media 

Untreated infection of the middle ear serves as a source for 
perpetuating otitis externa. Failure to identify the bacteria, 
yeast, or byproducts of inflammation in the middle ear may 
result in recurrent otitis externa and chronic pathologic 
changes of the middle and external ear. 
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Table 209-2 


OHc Cleaning Solutions 


ACETIC BORIC SALICYLIC ISOPROPYL PROPYLENE 

ACID ACID ACID 


TRADE NAME 


ALCOHOL 


GLYCOL 


DSS OTHER 


Ace-Otic Cleanser 
Adams Pan-Otic 


2 % 


0.1% 


Lactic acid 27% 

Parachlorometaxylenol, tris EDTA, 
methyl para ben, diazolidinyl urea, 
popylparaben, octoxynol 

NonoxynoI-12, methyl para ben, 
alovera gel 

Benzyl alcohol, butytated hydroxytoIuene 


X 


X 


Alocetic Ear Rinse 


X 


X 


Cerulytic Ear 
Ceruminalytic 
Cerumene 

DemnaPet Ear/Skin 
Cleanser 
fo r Pets 

Docusate Solution 
Earmed Boracetk 
FI ush 

Earmed Cleansing 
Solution &t Wash 
Earoxide Ear 
Cleanser 

Epi-Otic Ear 

Cleanser 
Fresh-Ear 


X 




25% Isopropyl myristate 


X 


X 


u> o 


2 in 


X 


X 


3 >« 


X 


X 


Aloe 


so m 


50A 40B alcohol, cocamidopropyl 

phosphatidyl and PE dimonium chloride 
Carbamide peroxide 6.5% 


X 


X 


Lactic add, chitosanide 


X 


X 


X 


X 


X 


X 


Lidocaine hydrochloride, glycerin, sodium 
docusate, lanolin oil 

Benzoic acid, malic acid, oil of eucalyptus 
Glycerin, lidocaine hydrochloride 

Lanolin oil, glycerin 


X 


OtiCalm 
Otic Clear 
Oticlean-A Ear 
Cleaning Lotion 

Oti-Clens 
Otipan Cleansing 

Solution 

Otocetic Solution 
Wax-O-Sol 25% 


X 


X 


X 


X 


X 


X 


X 


X 


X 


35% 


X 


X 


Malic acid, benzoic add 

Hydroxypropyl cellulose, octoxynol 


X 


X 


2 % 


2 % 


H exa m eth y Itetra cosa ne 


Other solutions may aid in the removal of wax in the ear 
canal. Ceruminolydcs are emulsifiers and surfactants that 
break down ceruminocellular aggregates by causing lysis of 
squamous cells. A ceruminolytic agent in an alkaline pH may 
more effectively lyse squamous cells via cell surface protein 
disruption. 3 Oil-based products soften and loosen debris to 
aid in their removal but do not cause cell lysis. Water-based 
ceru m in o lyti cs are easier to remove and dry more quickly 
than oil-based solutions, which are occlusive if they remain in 
the ear canal. Water-based products include dioctyl sodium 
sulfosuccinate, calcium sulfosuccinate, and carbamate perox¬ 
ide, which has a foaming action with the release of urea and 
oxygen. Oil-based products include squalene, triethanolamine 
polypeptide, hexamethyltetraeosane, oieate condensate, propy¬ 
lene glycol, glycerin, and mineral oil. In a recent study only the 
combination of squalene and isopropyl myristate in a liquid 
petrol a turn base h ad no adverse effects on h e aring, th e vesti bul ar 
system, and histopathologic examination. 33 Other agents tested 

contained glycerin, dioctyl sodium sulfosuccinate {2% or 6.5%), 

parachlorometaxylenol, carbamide peroxide (6%), propylene 
glycol, triethanolamine polypeptide oieate condensate (10%), 
and chlorobutanol (0.5%), 


Alcohol-based drying agents added to ceruminolytics include 
boric acid, benzoic acid, and salicylic acid, which decrease the 

pH of the ear canal, cause keratolysis, and have a mild anti¬ 
microbial effect. Drying the ear canal is important to combat 
increased humidity, which potentiates infection. 

If the tympanum is intact, the ear canal is filled with 
ceruminolytic agent for at least 2 minutes and the pinna is 
cleaned at the same time. The solution is flushed twice with 
warm water, and the canal inspected. The procedure is repeated 
until cleaning is complete. Other solutions commonly advo¬ 
cated for ear flushing include dilute chlorhexidine solution 

(0,05%), dilute povidone-iodine, and acetic acid (2.5%). The 
first two agents are potentially ototoxic or induce inflamma¬ 
tion and should not be used if the tympanum is ruptured. 
A combination of propylene glycol malic, benzoic, or salicylic 
acid; 2% acetic acid; or dilute povidone-iodine have been 
suggested for use in dogs with a ruptured tympanum. 

Owners may dean the ears at home with mild preparations 
of ceru min olytics and drying agents if mild otitis is present 
without severe accumulation of cerumen or exudate. Aqueous 
solutions are usually recommended because they are less occlu¬ 
sive and easier to clean from the ear, dog, and home environment. 


a 


3 


33 
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The ear should he filled with the solution, then massaged for 
40 to 60 seconds. The pet should be allowed to shake its head 
to remove the majority of the solution, and the excess should 
be wiped from the ear canal and pinna with a tissue. Daily 
flushing is usually recommended, followed by every other day, 
weekly, then as needed, depending on the solution. Ear swabs 
are not recommended for home use, because cerumen and 
debris may be forced into the horizontal ear canal and impact 
against the tympanic membrane. 

Topical Therapy 

Erythematous ceruminous otitis externa is diagnosed 2.7 times 
more often than acute suppurative otitis according to 


one report, 2 * Yeast ± cocci were identified in those cases, with 
cocci or rods identified in suppurative otitis, 2 * Topical therapy 
should be based on the cytologic examination to diminish the 
incidence of inappropriate treatment (Table 209-3). Many 
preparations combine anti-inflammatories and antimicrobials in 
an attempt to decrease the inflammation and combat bacterial 
or yeast overgrowth. All topical medications should be consid¬ 
ered supportive, and specific treatment should be aimed at 
controlling the primary disease process. 

Topical glucocorticoids benefit most cases of otitis extema 
by decreasing pruritus, exudation, swelling, and proliferative 
changes of the ear canal. The most potent glucocorticoids avail¬ 
able in topical preparations are betamethasone valerate and 


Table 209-3 


Topical Medications Used in the Treatment of Ear Disease 


GENERIC NAME 


TRADE NAME 


DOSE 


FREQUENCY 


DESCRIPTION 


Fluocinolone 0,01% 
DMSO 60% 
Hydrocortisone 1.0% 


Synotic 


4- 6 drops; total 
dose <17 mL 

2-12 drops, depending 
on ear size 

5- 10 drops 


q12h initially, q48-72h 
maintenance 
q12h initially, q24-48h 
maintenance 
ql 2h for 5 days 


Potent corticosteroid 
a nti-i nfla m matory 
Mild corticosteroid 
□ nti-i nfla m m a tory 
Mild corticosteroid anti¬ 
inflammatory, drying agent 
Mild corticosteroid anti¬ 
inflammatory, astringent, 
germicidal 

Ceruminolytic, lubricating 

agent 


HB101, 

Burrows H, 
Epi-otic HC 


Hydrocortisone 
1.0%, lactic acid 
Hydrocortisone 
0.5%, sulfur 2%. 
acetic acid 2*5% 

DSS 6.5%, urea 
(carbamide 

peroxide 6%) 
Chlorhexidine 2% 


Clear X Ear 
Treatment 


2-12 drops, 

depending on 


ql2-24h initially, 
q24-48h 
maintenance 
Once per week to as 
n ece ssa ry 


ear size 


Clear X Ear 
Cleansing 
Solution 
Nolvosan 


1-2 ml per ear 


Dilute 1:40 

in water 
Dilute 2% in 
propylene glycol 
Dilute 1:10-1:50 
in water 
Dilute 1:M:5 
in water 
Dilute 1:1-1:3 

in water 

2-12 drops depending 


As necessary 


Antibacterial & antifungal 
activity 

Antibacterial & antifungal 
activity 

Antibacterial activity 


Chlorhexidine 1.5% 


Nalvasan 


q12h 


* Povidone-iodine 10% 


Beta dine solution 


As necessary 


Polyhydroxidine 

iodine 0.5% 
Acetic acid 5% 


Xenodyne 


As necessary, q12h, 
once weekly 
As necessary: q12-24h 
for Pseudomonas 
q12h up to 7 days 


Antibacterial activity 


White vinegar 


Antibacterial activity, 
lowers ear canal pH 

Antibacterial & antifungal 
activity, parasiticide (mites), 
moderate corticosteroid 
anti-inflammatory 
Antibacterial & antifungal 
activity, moderate 
corticosteroid 
a nti-i nfl a m mato ry 
Antibacterial activity, 
mild corticosteroid 
anti-inflammatory 


Neomycin 0.25%, 
triamcinolone 0.1%, 
thiabendazole 4% 


Tresaderm 


on ear size 


Neomycin 0.25%, 
triamcinolone 

0.1%, nystatin 
100,000 U/mL 
Chloramphenicol 
0.42%, prednisone 
017%, tetracaine 
2%, squalene 
Neomycin 1,75 & 
polymyxin B 5000 
lU/mL, penicillin G 
procaine 10,000 lU/mL 
Gentamicin 0.3%, 
betamethasone 
valerate 0.1% 


Pa no log 


2-12 drops 
depending on 
ear size 


q12h to once weekly 


Liquachlor, 

Chlora-Otic 


2-12 drops 

depending 
on eor size 


q12h up to 7 days 


Forte Topical 


2-12 drops 
depending on 
ear size 


q12h 


Antibacterial activity 


Centocin Otic 
Solution, 
Betagen Otic 
Solution 


2-12 drops 

depending on 
ear size 


q!2h for 7 to 14 days 


Antibacterial activity, 
potent corticosteroid 

anti-inflammatory 


Continued 
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Topical Medications Used in the Treatment of Ear Disease—cant r d 


DESCRIPTION 


TRADENAME 


DOSE 


FREQUENCY 


GENERIC NAME 


Antibacterial & antifungal 
activity, potent 
corticosteroid 
a nti-i nfla m mato ry 

Antibacterial activity, 

potent corticosteroid 
anti-inflammatory 


232 drops 

depending on 
ear size 


q!2h for 7 days 


Otomax, 

Obibiotic 

Ointment 


Gentamicin 03%, 

betamethasone 

03%, clotrimazole 

03% 

Gentamicin 0,3%, 
betamethasone 
valerate 03%, 
acetic acid 2.5% 

Polymixin 8 

10,000 lU/mL, 

hydrocortisone 0.5% 
Enrofloxacin 
0,5%, silver 

sulfadiazine 1% 

Carbary) 0.5%, 

neomycin 0.5%, 
tetracaine 

Pyrethrins 0.06%, 

piperonyl 
butoxide 0.6% 
Pyrethrins 0.05%, 
squafene 25% 


q!2h for 7 to 14 days 


232 drops, 
depending on 


Gentaved Otic 
Solution 


ear size 


q!2h 


Antibacterial activity, 
mild corticosteroid 

anti-inflammatory 
Antibacterial activity 


Otobiotic 


232 drops, 

depending on 

ear size 
2-12 drops, 

depending on 

ear size 
232 drops* 

depending on 
ear size 
5 drops 






q12h for up to 14 days 


Baytril Otic 






Antibacterial activity, 
parasiticide (mites) 


Mitox Liquid 


q12h 


Parasiticide (mites) 


Ear Mite and 
Tick Control 


q24hfor7to 10 days 


Parasiticide (mites), 
ceruminolytic 


2-12 d rops, 
depending on 

ear size 
Fill ear canal 


Cerumtte 


Pa n od ry 


Drying agent 


Isopropyl alcohol 
90%, boric acid 2% 
Acetic acid 2%, 

aluminum acetate 
Silver sulfadiazine 


As necessary 


Drying agent, antibacterial 
activity, lowers ear canal pH 
Antibacterial &i 

antifungal activity 


q12-4Sh 


Fill ear canal 


Otic Domeboro 


Dilute 1:1 with 

water, 1 g powder 
in 100 mL water 
2-12 drops, 

depending on 
ear size 
Use sparingly 


q12h for 14 days 


Sitvadene 


q12h for 14 days 


1 l distilled water, 1.2g Tris 
EDTA, 1 mL glacial acetic 
acid; antibacterial activity 
Cauterization of 

ulcerative otitis externa 
Antifungal activity 


Iris EDTA ± 

gentamicin 0.03% 


Silver nitrate 


As necessary 


Miconazole 1%; ± 

topical glucocorti¬ 
coid (7,5 ml of 

dexamethasone 
phosphate [4 mg/mL] 
to 10 mL of 1% 
miconazole) 
Ivermectin 0,01% 
Pyrethrins 035%, 
piperonyl 
butoxide 1.5% 
Pyrethrins 0.05%, 

piperonyl butoxide 
0.5%, squalene 25% 
Pyrethrins 0.04%, 
piperonyl butoxide 

0.49%, D5S 1.952%, 
benzocalne 1952% 
Rotenone 032%, 
cube resins 0.16% 


Conofite 


2-12 drops, 
depending on 

ear size 


q12-24h 


Parasiticide (mites) 
Parasiticide (mites) 


Once 

Twice at 7-day 
interval 


A tore xx 
Many 


0.5 ml per ear 
2-12 drops, 
depending on 

ear size 


232 drops, 

depending on 


q24h for 7 days 


Parasiticide (mites), 
ceruminolytic 


Cerumite 


ear size 


10 drops 


q!2h 


Aurimite 


2-12 drops, depending 
on ear size 


Every other day 


Parasiticide (mites) 


Many 




SECTION XII 


Diseases of the Ears, Nose, and Throat 


1178 


fluocinolone acetonide. Less potent corticosteroids include 
triamcinolone acetonide and dexamethasone; the least potent 
is hydrocortisone. Most dogs benefit from short-term therapy 
with topical corticosteroids at the initiation of therapy, with 

concurrent therapy aimed at the primary and other perpetu¬ 
ating Factors. Long-term therapy with topical corticosteroids 
can be deleterious because of systemic absorption of drug; 
Increased serum liver enzymes and depressed adrenal respon¬ 
siveness may occur; with prolonged use iatrogenic hyperadreno- 
corticism is possible. Glucocorticoids alone may be of benefit 
for short-term therapy in cases of allergic or erythematous 
ceruminous otitis. 

Antimicrobials are important for controlling secondary 
bacterial or yeast overgrowth or infection. Antimicrobials 
indicated in any case with cytologic evidence of bacterial 
growth or infection, with attention paid to the morphology 
and gram-staining characteristics of the bacteria. Otic prepara¬ 
tions commonly contain aminoglycoside antibiotics. Neomycin 
is effective against typical otitis bacteria such as Staphylococcus 
intermedium. Gentamicin and polymyxin B are also appropriate 
initial topical treatments for gram-negative bacterial otitis 
externa. The significant risk of bone marrow toxicity in people 
limits the use of chloramphenicol for treating otitis in dogs 
and cats despite its antibacterial spectrum and availability. 

Due to the frequency of resistant gram-negative bacteria 
such as Pseudo monos t other topical preparations have been 
developed, Enrofloxacin, ophthalmic tobramycin, and topical 
application of injectable ticarclllin have been used to treat 
otitis in dogs. 3 34 Their use should be limited to cases of resis¬ 
tant bacteria, and culture and susceptibility testing should be 
performed prior to application. Other topical agents may be 
used to supplement treatment of resistant Pseudomonas, such 
si 1 ver sulfadi a zin e sol ution and tris E DTA. Tris E DTA ca n rend er 
Pseudomonas susceptible to enrofloxacin or cephalosporins by 
enhancing membrane permeability and altering ribosome 
stability. Frequent ear cleaning may also assist in the treatment 
of resistant bacterial otitis; eeruminolytics have antimicrobial 
properties, and their use in clinical cases has been evaluated. 33 35 
Acetic acid in combination with boric acid is effective against 
both Pseudomonas and Staphylococcus, depending 
t rat ion and duration of exposure.Ear cleaning removes 
proinflammatory products, cells, and substances that diminish 

the effectiveness of topical antibiotics. 

Many topical preparations control yeast organisms, which 
may complicate erythematous ceruminous otitis and suppura¬ 
tive otitis. Common active ingredients include miconazole, 
clotrimazole, nystatin, and thiabendazole Preparations contain¬ 
ing dimhazole, econazole, and ketoconazole have also been 
evaluated. 37,38 Eighty percent of yeast were susceptible to 
miconazole and econazole, intermediately resistant to keto¬ 
conazole, and 90% were resistant to nystatin and amphotericin 
B in one in vitro study, 38 Topical ear cleaning agents have some 
efficacy against Malassezia organisms. ^ Other preparations 
(e g,, chiorhexidine, povidone-iodine, acetic acid) are also effec¬ 
tive in the treatment of secondary yeast overgrowth. 

Response to topical therapy should be gauged by re-evaluation 
of physical, cytologic, and otoscopic examinations every 10 to 
14 days after the initiation of therapy. Any changes in the results 
of these examinations should be recorded. Most cases of otitis 
can be managed topically; failure to respond to therapy should 
prompt re-evaluation of the diagnosis and treatment. 

Systemic Therapy 

Systemic glucocorticoid administration may be beneficial in 
cases of severe, acute inflammation of the ear canal, chronic 
proliferative changes of the ear canal, and allergic otitis. 
Anti-inflammatory doses should be limited to 7 to 10 days. 
Cases of significant thickening or proliferative changes in the 
external ear canal benefit from systemic antimicrobial therapy 


Systemic therapy should be considered if concurrent derma¬ 
tologic changes of the surrounding skin, pinna, or other 
regions of the body are present. Long-term administration of 
appropriate antimicrobials based on culture and susceptibility 
is required in all cases of otitis media. Systemic therapy for 
yeast is rarely recommended in animals with otitis alone. One 
study evaluated oral itraconazole therapy, and in ear samples 
evaluated on cytology and culture, no change in cytology score 
was found. 16 


THERAPY FOR SPECIFIC DISEASES 
OF THE EXTERNAL EAR CANAL 


are 


Ectoparasites 

Thorough cleaning of the external ear canal, treatment of all 
household pets, and whole-body therapy should be considered 
in the treatment regimen for ear mites. Pets with no clinical signs 
may be asymptomatic carriers and a reservoir for reinfestation. 
Otic parasiticides such as pyrethrins, rotenone, amitraz, and 
carbaryi must be administered every 24 hours throughout the 
20-day mite life cycle because they do not kill mite eggs. n 
Thiabendazole eliminates all mite stages, but it must be applied 
every 12 hours for 34 days. Ivermectin (0.3 to 0.5 mg/kg) may 
be applied topically once weekly for 5 weeks, 1 Otic administra¬ 
tion of medication does not affect mites on adjacent or distant 
skin locations, and systemic or other total-body parasiticide 
may be indicated. Alternatively, ivermectin administered sub¬ 
cutaneously (0.2 to 0.3 mg/kg) 2 to 3 times at 10- to 14-day 

intervals or orally (0,3 mg/kg] every week for four treatments 
eliminates otic mites and those found elsewhere on the body, 1 
Other topicals proven safe and effective for ear mite treatment 
include selamectin (6 mg/kg) applied to the skin between 
the shoulder blades and fi pro nil spray, 
istered once in cats and two times, 30 days apart in dogs 
gave results similar to topical pyrethrin therapy. 2627 

Idiopathic Inflammatory or Hyperplastic Otitis 
in Cocker Spaniels 

Treatment is aimed at decreasing the secondary ear canal 
changes associated with this condition. Anti-inflammatory doses 
of corticosteroids administered orally may be useful. Topical 
corticosteroid preparations in combination with antimicrobials 
decrease the soft tissue mass affecting the ear canal but may 
not be as effective as oral administration* Maintenance ther¬ 
apy may be required both topically and orally; however, low 
doses of corticosteroids should be used. Re-evaluation should 
include attention to the potential side effects of corticosteroid 
therapy. Intermittent treatment of secondary bacterial or yeast 
overgrowth and infection may be required. Surgery is often 
indicated due to the severe secondary changes within the 
ear canal. 

Excessive Moisture (Swimmers Ear) 

Other primary disease conditions such as allergic otitis should 
be ruled out in any dog with erythematous ceruminous otitis. 
Dogs with frequent exposure to water, however, may require 
ear cleaning and drying agents to diminish the humidity of 
the ear canal* Many cleaning and drying agents also posses 
antimicrobial effects, 3 - Products that combine a drying agent 
and corticosteroid decrease the ear canal humidity and inflam¬ 
mation associated with allergic otitis complicated by swimming. 
Care should be taken to control primary disease (i.e. p allergic 
otitis), however, and intermittently manage the predisposing 
factor [i.e., excessive moisture) as necessary. The dog's 
ears should be cleaned and dried the day of water exposure 
and for 2 to 5 days after. For continued frequent exposure, 
maintenance cleaning may be required every other day to 
twice weekly. 
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otic microenvironment. Primary causes of the otitis should be 
identified and treated. Cytologic examination, not culture, 
should be relied upon for the diagnosis of yeast infection. 17 31 
If a case becomes refractory to therapy, reassessment of the 
primary condition and perpetuating factors should be done. 
Miconazole, clotrimazole, cuprimyxin, nystatin, and ampho¬ 
tericin B have all been described for treating Malassezia 
otitis. Climbazole had better in vitro activity against isolates 
of Malassezia pachydermatis in one study 37 Yeast were more 
susceptible to azole anti fun gals than polyene antifungals; 
however, oral ketoc on azole, itraconazole, or fluconazole 
have been recommended for refractory cases. IJR Long-term 
therapy may require topical antibacterial and antifungal 
combinations. 

Ear cleaning may aid in the elimination of yeast organisms 
by removing cerumen, debris, or exudate and altering the 
microenvironment of the ear canal. Cleaning with antimicrobial 
agents such as chlorhexidine, povidone-iodine, and acetic acid 
may be beneficial; but as always the integrity of the tympa¬ 
num should be established prior to use. Ear cleaning solutions 
may also have some efficacy against yeast organisms both in 
vitro and in clinical cases of otitis. 35 39 


Chronic Bacterial Otitis 

Resistant bacteria play an important role in the development of 
chronic otitis externa. Any dog not responding to initial therapy 
should be re-evaluated for primary and perpetuating conditions 
such as allergic disease, foreign body, neoplasia, otitis media, and 
secondary anatomic changes of the ear canal. Primary disease pro- 

identified in one study included hypothyroidism, atopy, 
food allergy, and immune-mediated diseased Infection with 
Pseudomonas species frequendy occurs with repeated treatment 
of otitis externa, and acquired resistance is common. Culture and 
susceptibility testing is imperative to guide therapy. Oral antimi¬ 
crobials combined with topical therapy are used in severe cases 
with secondary changes of the ear canal. Identification of otitis 
media is vital to remove the middle ear as a source of otitis 
externa. Otitis media requires long-term treatment. 

Ear cleaning prior to the application of topical medication 
may increase the efficacy of the agent by decreasing exudate in 
the ear canal that inactivates antimicrobial drugs such as 
polymyxin. 3 In cases that fail to respond to first-line drug treat¬ 
ments such as polymyxin or gentamicin, other topical antimi¬ 
crobial agents should be tried. Ophthalmic tobramycin and 
injectable amikacin have been described for use as topical 
antimicrobials in ear disease. 2 The integrity of the tympanic 
membrane should be known prior to use; the clinician should 
avoid these medications if the tympanic membrane cannot be 
proven intact. Enrofloxacm or ticarcillin injectable prepara¬ 
tions diluted in saline or water may be applied topically for 
resistant Pseudomonas . Parenteral ticarcillin was used in cases 
with 

observed, at which time topical therapy was instituted; clinical 
response occurred in 11 of 12 cases, 34 Enrofloxacm and silver 
sulfadiazine combination is also available in an otic preparation 
(Baytril Otic, Bayer Shawne Mission, KS}. 

Other topical therapy may assist In eliminating resistant 
Pseudomonas from the ear canal. 

Decreasing the pH of the ear canal with 2% acetic acid is 
lethal to Pseudomonas ; diluted vinegar in water (1:1 to 1;3) may 
be used to flush the ear canal. Acetic acid combined with boric 
acid is lethal to PjmipmoruiS and Staphylococcus, depending on 
the concentration of each agent. 3b Increasing the concentration 
of acetic acid may broaden its spectrum of activity but causes 
irritation of the external and middle ear. Silver sulfadiazine in a 
1% solution exceeds the minimum inhibitory concentration of 
Pseudomonas and may be instilled into the ear canal. One gram 
of silver sulfadiazine powder mixed in 100 mL of water may be 
used for topical therapy and is also effective against Proteus 
species, enterococci, and Staphylococcus intermedinm Dllute acetic 
acid (2%) and silver sulfadiazine (1%) have not caused adverse 
effects in cases with a ruptured tympanic membrane. 1x13 Tris 
EDTA may be applied after thorough ear cleaning to increase 
the susceptibility of Pseudomonas to antimicrobial agents. It 
must be mixed, pH adjusted, and autoclaved prior to use or is 
available in an otic preparation (TrizEDTA, DermaPet®, 
Potomac, MD), which is used to clean the ears prior to instilla¬ 
tion of topical antibiotic. Topical antiseptics such as chlorhexi¬ 
dine and povidone-iodine solutions may be helpful, but 
ototoxicity is an issue, particularly in cases in which the tympa¬ 
num is ruptured or cannot be evaluated. 

Re-evaluation of the pet is important for monitoring response 
to therapy. Evaluation of the ear canal for progressive secondary 
changes and cytologic examination will allow alterations in 
therapy as needed. Significant narrowing of the ear canal is an 
indication for surgical intervention Yeast overgrowth may occur 
with aggressive medical management of bacterial otitis and 
should be identified to maintain proper medical management. 

Refractory or Recurrent Yeast Infection 

Malassezia infection is a common perpetuating factor 
with erythematous ceruminous otitis and alterations in the 
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Neoplasia 

Chronic otitis externa may be the result of otic neoplasia, or 
otitis may be a predisposing factor in the development of 
neoplasia. Cocker spaniels are over-represented for benign and 
malignant neoplasia and otitis externa. 140 Tumors of the skin 
and adenexal structures of the ear predominate. Benign tumors 
in dogs include sebaceous gland adenoma, basal cell tumor, 
polyp, ceruminous gland adenoma, and papilloma. Cats are 
more frequently diagnosed with malignant neoplasms, but 
benign conditions include inflammatory polyps, ceruminous 
gland adenomas, ceruminous gland cysts, and basal cell 
tumors. Malignant neoplasms in both species include cerumi¬ 
nous gland adenocarcinoma, undifferentiated carcinoma, 
and squamous cell carcinoma. Ceruminous gland adenocarci¬ 
nomas are the most frequently diagnosed tumors of the ear 
canal in dogs and cats; however, one report stated that squa¬ 
mous ceil carcinoma occurs with equal incidence in the 
cat. 40,41 

The biologic behavior of otic tumors cannot be judged by 
their gross appearance; however, benign masses are usually 
nodular and pedunculated. Ulceration can be secondary to 
otitis associated with mass lesions, but malignant masses 
ulcerate more frequently than benign masses. The tympanic 
bulla is involved in up to 25% of aural neoplasms, and neuro¬ 
logic signs occur in 10% of dogs and 25% of cats with otic 
neoplasia. 43 The biologic behavior of malignant neoplasms 
tends to be local invasion with a low metastatic rate (e,g. P 10% in 
dogs) to draining lymph nodes or lung. 

Surgery is the mainstay treatment of otic neoplasia. 
Conservative excision may be possible for benign lesions, 
depending on the location of the tumor. Malignancies should 
be removed by total ear canal ablation and lateral bulla 
osteotomy. Incomplete excision results in recurrence of the 
mass and secondary otitis externa. Malignant neoplasia is 
associated with a median survival time (MST) of more than 
58 months in dogs and 11,7 months in cats, 40 Extensive tumor 
involvement and lack of aggressive management 
are associated with a poor prognosis in dogs, 
prognosis is associated with neurologic signs, squamous cell 

or undifferentiated carcinoma, vascular or 
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lymphatic invasion, and lack of aggressive therapy. 
Ceruminous gland adenocarcinoma has a median disease free 
interval of more than 36 months and 42 months in dogs 
and cats, respectively. 4344 The MST associated with squamous 
cell carcinoma and undifferentiated carcinoma in cats is 4 to 


6 months. 40 
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ROLE OF SURGERY IN THE MANAGEMENT 
OF OTITIS EXTERNA 


between the middle ear and caudal nasopharynx. The normal 
flora of the middle ear may be due to this pharyngeal 
muni cation, but the role of the auditory tube as a source of 
bacteria in otitis media is unknown. The tympanic opening is 
a common source of bacterial infection of the middle ear in 
dogs with otitis extern a. The cochlear and vestibular windows 
possible ports of entry for progression of otitis media 
ototoxic substances into the inner ear 
Cranial nerve VII, or the facial 


com- 


The two most common surgical procedures for the treatment 
of otitis externa are lateral ear resection and total ear canal 
ablation. Total ear canal ablation is always combined with a 
bulla osteotomy to allow complete removal of all secretory 
epithelium and exudate associated with the external and 
middle ear Care must be taken when choosing 
technique for otitis externa. 

Lateral ear resection is associated with high failure rates 
(4 7% to 80%) with inappropriate patient selection. 45 The 
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or 


surgical 


nerve, the sympathetic 
innervation of the eye, and the parasympathetic innervation of 
the lacrimal gland are closely associated with the middle 
' he separation of the facial nerve from the middle ear is mini¬ 
mal along the rostral aspect of its course through the petrosal 
bone. The nerve supplies motor fibers to the superficial muscles 
of the head, the muscles of the external ear, the caudal belly 
of the digastrieus, and the ossicular muscles. The nerve also 

supplies sensation of the vertical ear canal and concave surface 
of the pinna. 

Postganglionic sympathetic nerve fibers course closely with 
those of the facial nerve to innervate the smooth muscles of the 
eye. Preganglionic parasympathetic fibers also pass through 
the middle ear to innervate the salivary and lacrimal glands. 

The inner ear is located within the petrosal bone. The cochlea, 
vestibule (saccule and utricle), and semicircular canals form 
the membranous labyrinth, which is encased in bone, called the 
bony labyrinth. The vestibular system functions to maintain the 
position of the eyes, trunk, and limbs relative to the position 
of the head, responding to linear and rotational acceleration 
and tilting. The system consists of the saccule, utriculus, and 
semicircular canals and communicates with the middle ear via 
the vestibular window* Fluid within the semicircular canals 
tends to remain stationary during motion, bending the cilia of 
the cells in the utricle and saccule, causing depolarization. These 
stereocilia synapse with the dendrites of the vestibular portion 
of the eighth cranial nerve and the signal is conducted via cra¬ 
nial nerve VTII to vestibular nuclei in the myelencephalon, the 
spinal cord, centers in the cerebellum and cerebral cortex, and 
motor nuclei of cranial nerves III, IV, and VI. 46 The result is coor¬ 
dination of the body, head, and eye movement. Projections to 
the vomiting centers are responsible for nausea and vomiting 
associated with vestibular disorders and motion. The cochlear 
system, involved with the translation of sound, consists of the 
spiral organ, or organ of Corti, cochlear duct, seal a vestibule, 
and scala tympani* Transmission of sound through the tympanic 
membrane, ossicles, and cochlear window results in undulation 
of the basilar membrane of the spiral organ. Cilia bend and 
cause depolarization and transmission of a signal to cochlear 
nuclei, caudal colliculi, and cerebral cortex* 4 ® The cochlear 
nuclei control reflex regula tion of sound via projections to cranial 
nerves V and VII, which control the muscles of the ossicles. 
Other projections allow for conscious perception of sound. 


ear. 


pro¬ 
cedure should be viewed as an adjunct to medical manage¬ 
ment, not as a cure. The primary and perpetuating factors 
associated with otitis externa must be identified and managed or 
controlled even when surgery' is elected. Opening the vertical 
ear canal improves aeration, decreases humidity, facilitates 
removal of cerumen or exudate, and improves the distribution 
of topical medication in the ear canal Lateral ear resection 
may be used in cases with mild changes of the vertical 
canal but should be avoided with significant secondary 
changes of the vertical ear canal or horizontal canal stenosis. 
Owners should be educated to the continuing need for medical 
therapy after surgery to avoid further progression of secondary 

changes of the ear canal Pets can develop end-stage otitis after 
lateral ear resection. 

Total ear canal ablation is used to treat end-stage otitis and 
malignant otic neoplasia. Severe secondary changes and pro¬ 
liferative disease are surgically removed with the ear canal 
en toto. A lateral bulla osteotomy of the tympanic bulla 
allows complete exploration of the middle ear for the removal 
of secretory epithelium, exudate, and tumor. The 
removes the site of chronic inflammation and infection 
cure the vast majority of cases of otitis externa and otitis 
media. Complications of the procedure include facial 
paresis or paralysis, hemorrhage, para-aural abscessation, otitis 
interna, Homer's syndrome, pinnal necrosis, continued pinnal 
dermatitis, and hearing loss. Dogs with obstruction of the 
canal from end-stage otitis or neoplasia may be partially 
' deaf, and postoperatively only osseous conduction of sound 
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remains. 

Vertical ear canal resection may be performed in cases of 
tumors confined to the auricular cartilage or traumatic injury. 
Significant proliferative disease or changes secondary to otitis 
extema are rarely confined to the vertical ear canal; concur¬ 
rent stenosis of the horizontal ear canal usually necessitates 
total ear canal ablation and lateral bulla osteotomy. The 
tomosis between the horizontal ear canal and surrounding 
skin may undergo stenosis after surgery, necessitating reopera¬ 
tion, Progression of the otitis and tumor recurrence are possible 
after vertical ear canal resection. 


anas- 


O tit is Media 

Otitis media may result from extension of otitis extema 
through the tympanic membrane, aspiration of pharyngeal 
contents up the auditory tube (eg., a sequela to upper respi¬ 
ratory tract [URT] infection in cats), or from hematogenous 
spread. Extension from otitis extema is the most 
cause of otitis media, but otitis media may serve as a perpetu¬ 
ating factor for otitis extema. Developmental abnormalities of 
the external ear canal and pharynx may also result in otitis 

media due to the accumulation of secretions in the middle 

Neoplasia, inflammatory polyps, and middle ear trauma 

may be associated with secondary otitis media or result in 
similar clinical signs. 

Cholesteatoma is commonly associated with otitis media 
and chronic otitis extema* A cholesteatoma is a mass of kera¬ 
tinized squamous cells that accumulate within a structure lined 
with stratified squamous epithelium. The lesion is presumed 


DISEASES OF THE MIDDLE AND INNER EAR 


Normal Anatomy and Physiology 

The middle 

cavities [epitympanic, tympanic, and ventral), and the bony 
ossicles (malleus, incus, and stapes)* The tympanic membrane 
has two parts: (1) the thin pars tensa that attaches to the 
manubrium of the malleus and (2), above the pars tensa, the 
thicker, pars flaccida. The main portion of the middle ear, 
the ventral tympanic bulla, has two compartments in the cat 
(ventromedial and dorsolateral). The air-filled bulla is Lined 
with modified respiratory epithelium, which is either squa¬ 
mous or cuboidal and may he ciliated. The four openings in 
the middle ear are the (1) tympanic opening, (2) the vestibu¬ 
lar window, (3) the cochlear window, and (4) the ostium of 
the auditory' tube. The auditory tube is the communication 
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ear 


common 


47.48 


ear. 








• Diseases of the Ear 


CHAPTER 209 


1181 


to develop when a pocket of tympanic membrane becomes 
adhered to inflamed middle ear mucosa. Significant narrowing 
of the external ear canal is usually present. Radiographic signs 
of increased density and bony changes of the tympanic bulla 
predominate with loss of the air-filled lumen of the external ear 
canal and concurrent calcification. Treatment is usually limited 
to total ear canal ablation and lateral bulla osteotomy due to the 
changes of the external ear canal and mass or accumulation of 
debris in the tympanic bulla. 

The clinical signs associated with middle ear disease often 
reflect concurrent otitis externa (e.g. r head shaking, lethargy, 
exudate, otic malodor). Significant otic pain, lethargy, inappe¬ 
tence, and pain upon opening the mouth are more suggestive 
of middle ear involvement. Neurologic signs may be present 
due to the course of the facial nerve and sympathetic innerva¬ 
tion of the eye. Facia] nerve paresis or paralysis result in facial 
asymmetry (i.e., uneven position of the lip commissures, unequal 
carriage, unilateral ptyalism) and abnormal cranial nerve 
reflexes on neurologic examination (e.g., menace response, 
palpebral and comeal reflexes, abnormal ear canal, and concave 
pinnal sensation). Homer's syndrome, or loss of sympathetic 
innervation to the eye, can also be complete or partial (i.e., ptosis^ 
miosis, enophthalmia, prolapse of the third eyelid). Otitis 
interna is usually evidenced by head tilt, abnormal nystagmus, 
and ataxia and should be differentiated from central vestibular 
disease based on careful neurologic examination. Otitis interna 
is not usually associated with ipsilateral hemiparesis or abnor¬ 
malities in level of consciousness. 

Cases of para-aural abscessation usually have concurrent 
otitis media. 3 The primary cause may be trauma to the external 
ear canal, severe otitis externa, extension of otic neoplasia, or 
total ear canal ablation. Signs of middle or external ear disease 
and soft tissue swelling in the parotid area may be accompa¬ 
nied by draining tracts. A head tilt and pain upon palpation of 
the area are usually present. 

The diagnosis of otitis media is based on a thorough history 
and physical, neurologic, and otoscopic examinations. A ruptured 
tympanum strongly suggests otitis media. The pharynx should 
also be evaluated on physical examination; identification of spe¬ 
cific conditions may require general anesthesia due to anatomic 
location (eg., inflammatory polyps) or pain associated with 
examination (e.g,, otitis media causing temporomandibular joint 
(TMJ) pain, severe otitis externa). General anesthesia may 
also be required to perform a complete otoscopic examination 
in cases of severe otitis externa in which thorough cleaning of 
the ear is necessary for therapy and diagnosis (Le,, visualiza¬ 
tion of the tympanum). Significant otitis externa is commonly 
associated with otitis media; the tympanic membrane is rup¬ 
tured in up to 50% of dogs with otitis externa, although 70% 
of dogs with otitis media had an intact tympanic membrane in 

one study. 15,50 The tympanic membrane in dogs with otitis 

externa may be difficult to examine due to secondary changes of 
the external ear canal, pain associated with otoscopic exami¬ 
nation, and accumulation of exudate, cerumen, and debris. 
Treatment to diminish the severity of otitis externa and general 
anesthesia may increase the ability to evaluate the tympanum 
in these cases. 

Any case that has significant cerumen, exudate, or debris 
should undergo careful cleaning of the ear canal to allow eval¬ 
uation of the integrity and character of the tympanic membrane. 
The presence of a “false middle ear” occurs when large accu¬ 
mulations of debris lodge against the tympanic membrane, 
causing it to deviate medially into the middle ear. This makes 
the external ear canal appear elongated and leads to misdiag¬ 
nosis of a ruptured tympanic membrane. 3 

Gentle probing of the tympanic membrane with a red rubber 
catheter under direct visualization may assist in the diagnosis 
of small tears in the membrane. If the catheter tip is consis¬ 
tently visible, rupture is unlikely* Alternatively, an aliquot 


of l mL of physiologic saline placed in the horizontal canai 
should remain stationary; disappearance suggests an opening 
in the tympanum, allowing the fluid to drain into the middle 
ear. 8 Movement of the fluid may be blocked by large amounts 
of debris in the middle ear, even in the presence of a tear in 
the tympanum. 

if the tympanic membrane is visible, its character should 
be recorded in the medical record for comparison upon 
re-evaluation. Bulging, increased opacity, and hyperemia may be 
present with otitis media, if otitis media is suspected, radio¬ 
graphs of the bullae may be made. Lateral oblique and open- 
mouth views are most helpful for evaluating the tympanic 
bulla, but positioning for comparison of left and right sides is 
difficult and requires general anesthesia. Ventrodorsal or 

dorsoventral views allow evaluation of the air-filled lumen and 
calcification of the external ear canal. Abnormalities of the bulla 
include increased opacity, sclerosis, and lysis. Fluid cannot be 
differentiated from increased soft tissue density (e.g., neoplasia), 
and absence of radiographic changes does not rule out otitis 
media. Radiographic changes were absent in 33% of the middle 
ears in one study of dogs with otitis media confirmed by surgi¬ 
cal exploration. 1 * Otitis media or neoplasia and otitis interna 
can cause radiographic evidence of lysis of the petrosal bone. 

Other diagnostic tools are available to evaluate patients 

with otitis media interna. Contrast introduced into the external 
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ear canal followed by radiography, termed canalograpky t is used 
to diagnose tympanic membrane perforations. The method is 
useful for acute tympanic membrane rupture and increases the 
frequency of diagnosing tympanic membrane rupture with 
concurrent otitis externa and media beyond that of otoscope 
alone. 51 Advanced imaging with CT and MR! have been studied 
in normal dogs and dogs with otitis media (Figure 209-1). 18 52 
CT is considered superior to MR1 for bony changes, whereas 
MRI is better for detection of soft tissue abnormalities in both 

18 , 20 , 52.53 


dogs and cats. 

If the tympanic membrane is intact in a dog with otitis 
media, a myringotomy is performed to obtain samples for cul¬ 
ture and susceptibility testing and cytologic examination. 
Affected dogs are often more comfortable after collection of 
samples due to decreased pressure in the middle ear after 

myringotomy. The procedure must be performed with general 

anesthesia and is usually done after radiography or advanced 
imaging of the ear. The external ear canal should be thor¬ 
oughly cleaned and dried prior to myringotomy to avoid con¬ 
tamination with external 
visualization is used for the procedure. A 20-gauge spinal 
needle is used to penetrate the tympanic membrane through 
the caudoventral aspect of the pars tensa. Suction is applied 
and samples collected—culture and susceptibility takes prior¬ 
ity over cytologic examination because cytology is frequently 
negative, and cultures of the external ear canal do not reflect 
the middle ear bacteria in the majority of cases. 15 If fluid 
cannot be aspirated directly from the middle ear, 0.5 to 1 mL 
of warm, sterile saline can be infused through the needle into 
the middle ear cavity and aspirated. Alternatively, an open- 
ended tomcat catheter or small, sterile culture swab may be 
passed into the middle ear cautiously under otoscopic visual¬ 
ization. Pseudomonas species and Staphylococcus intermedium 
are most commonly isolated, followed by yeast, (3-hemolytic 
Streptococcus , Corynebacterium species, Proteus species, and 
Enterococcus species, 
required for the diagnosis of otitis media. 

Medical therapy of otitis media should be guided by cul¬ 
ture and susceptibility results. The external ear canal is flushed 
and dried as necessary to treat concurrent otitis externa. 
Flushing is usually performed under the same general anes¬ 
thetic episode used for diagnostic testing. If the tympanic 
membrane is ruptured, the middle ear should be gendy 
lavaged with warm saline. Cytology results, when available. 


canal debris. Direct otoscopic 
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Surgical exploration is rarely 
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Figure 209-1 Computed tomographic (CT) image of a normal canine ear [A), CT image (B) 
and a magnetic resonance image (MR!) (C) of a dog with otitis media. 


should be used to guide initial therapy. The integrity of the 
tympanic membrane must be considered when using topical 
agents to treat concurrent otitis externa: ototoxic medications 
and vehicles should be avoided if the tympanic membrane is 
ruptured. 

Newly diagnosed cases of otitis media may be started on 
empiric therapy based on cytology. First-choice antimicrobials 
include cephalosporins, amoxicillin and davuIonic acid, and 
fluoroquinolones. Dehmtive therapy consists of administration 
of antibiotics based on culture and susceptibility results for a 
minimum of 4 to 6 weeks. Primary and perpetuating factors 
of otitis externa should be identified and treated or controlled. 
Topical medication and flushing of the external ear canal 
should continue until resolution of clinical signs and normal¬ 
ization of cytology. Gradual improvement of the otitis media 
is expected within 14 days. The ear canal and tympanic 


membrane should be evaluated prior to and after discontinuation 
of therapy. Small tears in the tympanic membrane after 
myringotomy heal rapidly with appropriate therapy within 2 to 
3 weeks/ 4 However, re-evaluation of the tympanic membrane 
in dogs with otitis externa media should precede alteration of 
the topical agents in the therapeutic plan. 

Failure to respond to therapy or chronic or recurrent otitis 
media warrant re-evaluation for surgical intervention. Total 
ear canal ablation and lateral bulla osteotomy should be con¬ 
sidered in cases with severe secondary changes of the external 
ear canal and concurrent otitis media. If the external ear canal 
is not affected, a ventral bulla osteotomy may be performed to 
remove gross exudate and establish drainage from the middle 
ear of dogs and cats with chronic or recurrent otitis media. 
Caution should be taken in considering lateral ear resection and 
ventral bulla osteotomy in the treatment of concurrent otitis 
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visual cues and. can compensate for vestibular deficits. Facial 
nerve deficits, Horner's syndrome, and keratoconjunctivitis 
sicca are often permanent. 

Ototoxicity 

Ototoxic substances (Table 209-4) damage the cochlear or 
vestibular systems or both. Otic application of medication can 

also cause adverse effects through local inflammation of the 
tympanic membrane or the meatal window (or both), as well as 
resultant otitis media Topical medications also cause adverse 
effects by systemic absorption. Ototoxic substances reach the 
inner ear after local application and absorption through the 
cochlear or vestibular windows or hematogenously. The most 
frequent cause of ototoxicity is the application of an ototoxic 
substance to the external ear canal in a pet with a ruptured 
tympanum, which results in distribution to the middle ear. 
Absorption by the inner ear is increased when inflammation of 
the cochlear window occurs with otitis media. Hematogenous 
distribution of ototoxlns to the inner ear is inherent in some 
medications (e.g., aminoglycosides). 

The development of ototoxicity also depends on the vehicle 
of the preparation, chemical composition, drug concentration, 
concurrent medications, as well as the route, frequency, and 
duration of administration, 3 Examples of increased risk of oto¬ 
toxicity depending on the vehicle (e.g., combination of 
chlorhexidine and detergents) and concurrent medications (e.g., 
loop diuretics and aminoglycosides) have been described. 
Minimization of the risk of toxicity should be considered when 
any potentially toxic substance is administered either topi¬ 
cally or systemicaUy. 7he integrity of the tympanic membrane 
should be known prior to topical administration of any poten¬ 
tially ototoxic drug, and consequences of each drug should 

be considered in light of the animal's health and concurrent 
therapies. 

Idiopathk Vestibular and Facia! Nerve Diseases 

A complete neurologic examination is key to differentiating 
peripheral from central vestibular disorders* Head tilt, ataxia, 
horizontal or rotary nystagmus, and cranial nerve VI1 deficits 


externa and media because lateral ear resection is only an 
adjunct to medical management of otitis externa. 

Neoplasia of the Middle Ear 

Neoplasia of the middle ear is rare; most cases represent 
extension of tumors originating in the external ear canal. 

Inflammatory Polyps 

Inflammatory polyps are a non-neoplastic admixture of 
inflammatory and epithelial cells originating in the tympanic 
bulla in cats. Other sites of on gin include the auditory tube and 
nasopharynx. Macrophages, neutrophils, lymphocytes, plasma 
cells, and epithelial cells are usually present on histopatho¬ 
logic examination. The cause is unknown, but ascending 
infection and congenital causes have been suggested. 30 No age 
or sex predilection exists for the condition, but younger 
cats are more commonly affected (1 to 5 years of age). Signs 
can be unilateral or bilateral and depend on the location of 
the mass lesion* A single polyp can grow into the external 
ear canal, down the auditory tube into the nasopharynx, 
or both. Signs of concurrent otitis externa and media are 
common with polyps limited to the ear, but respiratory stridor, 
dyspnea, gagging, and dysphagia occur with growth into the 
pharynx* 

Diagnosis is based on otoscopic and pharyngeal examina¬ 
tions. Radiographs of the bulla, nasal cavity, and pharynx may 
be considered, and CT or MR1 can be used to diagnose the site 
and side of origin of inflammatory polyps,* 3 - 57 Treatment con¬ 
sists of excision by traction or surgical excision via ventral 
bull a osteotomy.* 1 ** Regrowth is a problem in half of the cats 
treated by traction extraction alone, and Homer's syndrome is 
common in cats after ventral bulla osteotomy. 8 

Otitis Interna 

Otitis interna is usually an extension of otitis media or neo¬ 
plasia of the middle ear* A careful neurologic examination is 
imperative to the localization of vestibular signs. Clinical signs 
associated with otitis interna include head tilt, ataxia, horizon¬ 
tal or rotary nystagmus, circling or falling toward the side ot 
the lesion, or ipsilateral nystagmus. The fast phase of nystagmus 
is usually away from the side of the lesion. Occasionally animals 
will become nauseated or vomit. Homer s syndrome or deficits 
in cranial nerve VII may accompany otitis media interna, but 
involvement of other cranial nerves, vertical or changing nystag¬ 
mus, or the presence of conscious proprioceptive deficits or 
paresis indicate central rather than peripheral vestibular disease. 
Bilateral peripheral vestibular disease is rare, but the animal will 
not have a head tilt, nystagmus, or strabismus and may exhibit 
wide head excursions and a crouched stance or the inability 
to stand. 

The diagnosis of otitis interna is based on history, clinical 
signs, and physical, neurological, and otoscopic examinations. 
Advanced imaging may be helpful in distinguishing the 
anatomic location of the disease process. Treatment with 
aggressive medical or surgical intervention appropriate to the 
localization is important in prevention of adjacent brain stem 
involvement* 
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Table • 209-4 


Ototoxic Drugs 


Aminoglycoside Antibiotics 

Neomycin 

Dihydrostreptomycin 

Gentamicin 

Streptomycin 

K a no myci n 

Tobramycin 

Amikacin 


Antiseptics 

Chlorhexidine 
Iodine Si iodophores 
Ethanol 

Benzalkontum chloride 
Benzethonium chloride 
Cant rim id e 


Anti neoplastic Agents 

Cisplatin 

Nitrogen mustard 


Other Antibiotics 

Folymixin B Si E 
Minocycline 
Erythromycin 
Chloramphenicol 
Va n co my d n 


Prognosis for Otitis Media and Interna 

A fair prognosis can be given if aggressive surgical and medi¬ 
cal therapy are possible. Cases with concurrent severe exter¬ 
nal ear canal changes require total ear canaJ ablation and 
lateral bulla osteotomy. Repeated infections after ventral bulla 
osteotomy or total ear canal ablation and lateral bulla osteotomy 
may be operated again with resolution of the condition. 
Resistant organisms, failure to respond to aggressive surgery, 
and significant osteomyelitis are associated with a poor 
prognosis. The neurologic signs associated with otitis media 
and interna may be permanent, but many animals learn to use 


Miscellaneous 

Quinine 
Salicylates 
Propylene glycol 
Detergents 
Arsenic 

Lead 

Mercury 


Loop Diuretics 

Furosemide 
Bumetanide 
Ethacrynic acid 
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may be seen with either condition. Central vestibular disease 
causes paraparesis, conscious proprioceptive deficits, other 
cranial nerve abnormalities, and vertical or changing nystagmus. 
Middle ear neoplasia, otitis media interna, idiopathic vestibular 
syndrome, and congenital vestibular disorders result in periph- 
eral vestibular signs. Congenital vestibular disorders have been 
described in the German shepherd, Doberman pinscher, English 
cocker spaniel, Siamese, and Burmese breeds. 5960 Bilateral 
congenital vestibular syndrome has been described in beagles 
and Akitas, 5 ^ 60 Clinical signs of head tilt and ataxia in these 
dogs and cats may be persistent or may improve; animals can 
be congenitally deaf 

Otitis media interna may be associated with facial paresis or 
paralysis if cranial nerve VII is affected by the inflammation. 
Otitis should be ruled out before diagnosing any animal with 
idiopathic facial nerve paralysis, because otitis requires aggressive 
management and the idiopathic condition can only be treated 
symptomatically or with acupuncture. 

Deafness 

Deafness is classified as inherited or acquired, conductive or 
sensorineural, and congenital or late onset. Acquired deafness 
may be either conductive or sensorineural, depending on 
the etiologic agent, which also affects the time of onset. 
Conductive deafness results from a lack of presentation of 
sound to the inner ear, usually secondary to otitis externa 
media. Sensorineural deafness occurs with abnormalities of 
the cochlear system, cranial nerve VIII, or auditory pathways 
and higher brain centers. Inherited deafness, ototoxicity, 
cochlear nerve degeneration, and presbycusis (age-related 
deafness) are forms of sensorineural deafness. 

Diagnostic Principles Signal men t can help to prioritize 
possible causes of deafness. Certain breeds have a high inci¬ 
dence of inherited deafness, and clinical signs are usually 
noticed at an early age if the deafness is bilateral. Most other 
forms of deafness occur as late-onset disorders. The history is 
important in establishing the nature of the deafness, because 
certain conditions or treatments may cause deafness (e,g., 
otitis externa media, ototoxic medications, head trauma, prior 
infectious diseases). The owner may note behavioral changes 
in the pet, and complete, bilateral deafness is usually easily 
identified. Astute owners may notice behavioral changes in 
puppies at an early age. Inherited deafness usually results in 
loss of hearing within 3 to 4 weeks of birth due to a degener¬ 
ative process of the inner ear/’ 2 The affected pup is often more 
aggressive than its littermates, because it cannot hear cries of 
pain during play. The puppy may also be more difficult to 
rouse and is more vocal than its littermates, especially when 
they are out of view of the affected pup. 

Unilateral deafness is harder to identify, but the owner may 
report difficulty rousing the pet when it is sleeping in lateral 
recumbency or difficulty in the pet's ability to orient to the 
origin of sounds. The physical, otoscopic, and neurologic 
examinations are important in differentiating peripheral from 
central disease and establishing whether conductive deafness 
is possible. The index of suspicion for conductive deafness is 
increased in dogs and cats with abnormalities of the external 
ear canal, tympanum, cranial nerve VII, or sympathetic inner¬ 
vation of the eye. 

Abnormalities suggestive of central disease prompt more 
aggressive diagnostic testing such as advanced imaging and 
cerebrospinal fluid (CSF) analysis. 

Hearing loss can be evaluated with the pet in the exami¬ 
nation room. Different sounds can be used in an attempt to 
observe behavioral reactions to sound. A Preyer's reflex (i.e., 
movement of the pinna in response to sound) is the minimal 
expected response.* 2 Care should be taken to avoid visual cues 
and air movement dose to the animals head, which cause an 
apparent reaction to sound in an affected dog or cat. 


Unfortunately, pets may be stressed by the hospital environment 
and may not react to auditory cues even if hearing is normal. 

Impedance audiometry and tympanometry Impedance 
audiometry is based on the concept that the intensity of a sound 
wave is dependent on the size of the cavity in which it is gen¬ 
erated and on the compliance of the cavity's containing walls. 3 
The external ear canal is occluded for the test, and a sound wave 
generated. Changes in the pressure within the canal are mea¬ 
sured to evaluate the compliance of the tympanic membrane. 
Accumulation of fluid in the middle ear canal, rupture of the 
tympanic membrane, immobility of the ossicles, and other 
causes of conductive deafness alter the results. Normal results in 
a deaf animal would be supportive of sensorineural deafness. 

The acoustic, or stapedial, reflex test is also known as the 
acoustic decay test. A high amplitude sound is used to cause 
stapedial muscle contraction that protects the structures of the 
inner ear. This reflex alters tympanic compliance. The afferent 
( cranial nerve VII) and efferent limbs (cranial nerves V and VII) 
must be intact for a normal reflex. 1 A normal dog will maintain 
this reflex for a known period of time, but decay of the reflex 
occurs in dogs with lesions of cranial nerve VIIL 3 Tympanometry 
is not commonly performed because it requires specialized 
equipment adapted from human kits. Ideally the generated 
sound affects the tympanic membrane perpendicular to its 
surface. This is difficult to obtain in the dog or cat due to the 
angle of the ear canal. The results are not sensitive or specific, 
hut they are reliable for the diagnosis of tympanic membrane 
rupture. 

Brain stem auditory evoked response The brain stem audi¬ 
tory evoked response (BAER), or brain stem auditory evoked 
potential (BAEP), is an objective measure of hearing. The test 
identifies the presence or absence of hearing and progressive 
changes in hearing. Subjective determination of partial hearing 
loss is possible. 6 ^ Electrodes placed on standard sites of the head 
record responses to an auditory stimulus generated in one ear 
Sound is generated as a series of clicks, and the contralateral 
ear is excluded by the presentation of white noise . The position 
of electrodes, stimulus intensity, and body temperature can also 
alter the waves produced 3 Electrode position is standardized 
and the sound generated, or stimulus intensity is presented 
over a range of decibels; the rate of presentation remains con¬ 
stant. The waves generated are subjectively and objectively 
evaluated. Wave I corresponds to cranial nerve VIII; wave II 
represents the cochlear nucleus and intracranial, extramedullary 
portion of cranial nerve VIII. Wave III corresponds to the 
dorsal nucleus of the trapezoid body, and waves IV and V origi¬ 
nate in the rostral pons and caudal colliculi, respectively. 3 

Wave latencies and amplitudes are used to assess hearing 
and conduction of impulses through the brain stem, making 
BAER testing valuable not only in the diagnosis of hearing loss 
but also for evaluation of brain stem lesions. Most pets do not 
require sedation or anesthesia for the procedure, which is bene¬ 
ficial because both cause changes in wave latency. Wave latencies 
and amplitudes vary with the intensity and rate of delivery of 
the sound. 3 In general, amplitude increases and latency decreases 
with increasing sound intensity. Interpeak latencies are used to 
evaluate conduction in the brain stem, which should not change 

with stimulus intensity. 

Conductive deafness reduces the intensity of sound reaching 
the inner ear A lack of air-conducted hearing in the presence 

of bony-con ducted hearing is diagnostic of conductive deaf¬ 
ness during BAER. The hearing threshold is usually increased 
when sound is presented through air conduction, but bony- 
conducted hearing should remain intact. Increased hearing 
threshold may be accompanied by decreased wave amplitude 
and increased wave latency in cases of severe otitis externa. 
Sensorineural deafness alters the appearance of the BAER, 
depending on the site of the lesion. Alteration of waveforms, 
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increased hearing threshold, or complete abolition of wave¬ 
forms may be present in animals with sensorineural deafness. 


the organ of Corti, degeneration of spiral ganglion cells or neural 
fibers of the cochlear nerve, atrophy of the stria vascularis, or 
changes in the basilar membrane. Because this condition occurs 
in older dogs and cats from 8 to 17 years of age, animals should 
be evaluated for concurrent causes of conductive deafness such 
as chronic otitis externa or media and otic neoplasia, BAER test¬ 
ing may demonstrate normal waveforms in response to high- 
intensity sound,If conduction is intact at an increased hearing 
threshold, use of an amplifying hearing aid may be beneficial. 
Pets may not tolerate occlusive types of ear pieces often used in 
hearing aids, and training to the ear piece should be done prior 

to application of the hearing aid. 

Ototoxic substances, chronic exposure to loud noise, 
hypothyroidism, trauma, and bony neoplasia can also cause 
acquired late*onset deafness in dogs and cats. Ototoxicity can 
result in abolition of waveforms or an increase in hearing 
threshold on BAER. 3 BAER testing can be used to re-evaluate 
patients for return of function after withdrawal of medication 
after exposure to ototoxic medication. 

Congenital Sensorineural Deafness 

Inherited sensorineural deafness usually results in complete 
loss of hearing in the affected ear by 5 weeks of age. Many 
breeds can be affected with the condition (Box 209-1), The 
condition has been Linked to coat color in many breeds of dogs 
and white cats. The condition is common in white cats, and 
mode of inheritance is thought to be autosomal dominant 


Acquired Late-Onset Conductive Deafness 

Conductive deafness is due to lack of transmission of sound 


through the tympanic membrane and ossicles to the inner ear. 
Conditions that block sound transmission through the external 

membrane, or middle ear 
such as otitis externa, otitis media, and otic neoplasia, cause con¬ 
ductive deafness. Less common causes of conductive deafness 
include trauma-induced fluid accumulation in the middle ear, 
atresia of the tympanum or ossicles, fused ossicles, or incomplete 
development of the external ear canal, which results in fluid 
accumulation in the middle ear, 62 646667 An increase in hearing 
threshold, absence of air-conducted hearing, and the presence of 
bone-conducted hearing on BAER suggest conductive deafness. 

The application of a bone-anchored hearing aid was described 
in one dog with conductive deafness after total ear canal 
ablation, 6 * 1 It maintained bone-conducted hearing and tolerated 
the hearing aid anchored to the parietal bone. Use of a bone- 
anchored device was required, because the dog did not have an 
external ear canal in which to place an earpiece. The hearing aid 
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acted as an amplifier, and the dog seemed to respond to its use. 
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Acquired Late-Onset Sensorineural Deafness 

Presbycusis, or decline in hearing associated with aging, may be 
due to one of the foil owing: loss of hair cells and degeneration in 
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Canine Breeds Associated with Inherited Deafness 


Akita 

American-Canadian shepherd 
American cocker spaniel 
American Eskimo 

American Staffordshire terrier 
Australian cattle dog 
Australian shepherd 

Beagle 
Bichon frise 
Border collie 
Borzoi 

Boston terrier 
Boxer 
Bulldog 
Bull terrier 

Catahoula leopard dog 

Chihuahua 

Chow chow 

Collie 

Dachshund 

Dalmatian 

Doberman pincer 

Dogo Argentino 
English cocker spaniel 
English setter 
Foxhound 
Fox terrier 
French bulldog 
German shepherd 
C reat Da ne 

Great Pyrenees 
Greyhound 


Ibizan hound 
Italian greyhound 
jock Russell terrier 
Kuvasz 

Labrador retriever 
Maltese 

Miniature pincer 
Miniature poodle mongrel 
Norwegian dunkerhound 
Nova Scotia duck tolling retriever 
Old English sheepdog 

Papillion 
Pit bull terrier 

Po i nter 

Poodle (toy & miniature) 


Puli 


Rhodesian ridgeback 

Rottweiler 

Saint Bernard 

Schnauzer 
Scottish terrier 
Sealyham terrier 
Shetland sheepdog 
Shropshire terrier 
Soft-coated Wheaton terrier 
Springer spaniel 
Sussex spaniel 
Tibetan spaniel 

Tibetan terrier 
Wa I Ice r Ame riean fox hound 
West Highland white terrier 
Yorkshire terrier 





SECTION XII • Diseases of the Ears, Nose, and Throat 


1186 


with incomplete penetrance. 70 The condition is most common 
in white cats with blue irides. The correlation of white coat, 
blue eyes, and deafness is not perfect, but cats with two blue 
irides have a greater risk of de a hi ess than cats with one blue 
iris, which have a greater risk of deafness than cats without 
blue irides ?iJ Total hearing loss occurs more often in long¬ 
haired white cats. u The condition is common in certain 
breeds of dogs, such as dalmatians, which have a nearly 
30% incidence of deafness (combining unilateral and bilateral 
deafness). 

The trait is associated with the dominant merle or dapple 
gene in collies, Shetland sheepdogs, Great Danes, and 
dachshunds. The incidence of deafness tends to increase with 
increasing amount of white in the coat, and dogs homozygous 
for the merle gene are usually deaf and may be solid white, blind, 
or sterile. 62 The piebald or extreme piebald gene is associated 
with deafness in dalmatians, bull terriers, Great Pyrenees, 
Sealyham terriers* greyhounds, bulldogs, and beagles. Inheritance 
is thought to be autosomal recessive, but the trait may be 
pol y genic. 64 


Heterochromia irides and lack of retinal pigment are associ¬ 
ated with white color in dogs and cats. Hearing loss may be asso¬ 
ciated with absence of pigment in the cochlear stria vascularis. 
Diminished blood supply and disorders of endolymph produc¬ 
tion, with changes in the chemical or mechanical properties of 
endolymph, lead to degenera tion of the organ of Corti secondary 
to stria vascularis atrophy. Loss of hair cells and abnormalities of 
the cochlear duct, Reissner membrane, tectorial membrane, 
and internal spiral sulcus are typical of cochleosaccular type of 
end-organ degeneration seen in these cases. 

Clinical signs of deafness may be recognized in puppies as 
young as 3 weeks of age by astute owners; definitive diagnosis 
of uni- or bilateral deafness is usually made by BAER testing 
at 5 to 6 weeks of age when the auditory system is completely 
developed and cochlear degeneration, if present, is complete. 

Congenital Acquired Sensorineural Deafness Exposure 
to bacteria, ototoxic drugs, low oxygen tension, and trauma in 
utero or during the perinatal period rarely causes deafness in 
young animals. 


3 , 64 , 66 , 70,71 


210 


CHAPTER 


Diseases of the Nose and Nasal Sinuses 


Anjop J. Venker-van Haagen 


FUNCTIONAL CONSIDERATIONS 


occurs in which a greater volume of inspired air takes a more 
dorsal course around the ethmoturbinates, where the olfac¬ 
tory receptors are most numerous. J 

Regulation and Conditioning of the Inspiratory 
and Expiratory Airflow 

The respiratory airflow through the nasal cavity is regulated 
by the ventilatory control systems. The nose represents an 
important part of the resistance of the airway and thereby 
influences gas exchange in the alveoli.The resistance has to be 
overcome by greater negative pressure in the thorax during 
inspiration, which leads to better expanding and filling of the 

alveoli by the inspired air and a greater venous blood flow in 
the lungs. In humans, a prolonged increase in nasal resistance due 
to severe obstruction can lead to cor pulmonale, eardiomegaly, 
and pulmonary edema. 2 In dogs, pulmonary edema is known to 
develop in laryngeal obstruction. Pulmonary edema may occur 
by a similar mechanism when severe obstruction of nasal airflow- 
exists. The most common consequence of increased resistance 
is, however, mouth breathing. 

Heating, or cooling of inspired and expired air as it passes 
through the nose is largely accomplished by radiation from the 
mucosal blood vessels. The flow of blood is from posterior to 
anterior, opposite to the flow of the inspired air. Humidification 
occurs by evaporation from the blanket of mucus covering the 
mucosa and the serous fluid from the nasal glands. The nasal 
blood flow and the activity of the nasal glands are regulated 
by the autonomic nervous system. The autonomic innerva¬ 
tion of the nose consists of parasympathetic and sympathetic 
nerve fibers, joined together in the vidian nerve. The condi¬ 
tioning of the inspired air by the nose is an important function 


Functional Anatomy 

The nose has four main functions: [1) to provide a portal through 
which air can flow to reach the alveoli, (2) to modify or regu¬ 
late the flow of air, (3) to facilitate water and heat exchange 
(e.g., to condition the inspired air), and (4) to pass inspired air 
over the olfactory epithelium—the sheet of neurons and sup¬ 
porting cells that lines the nasal cavities. Speculation exists 
regarding the functions of the nasal sinuses. It seems plausible 
that the frontal sinuses protect the rostral portions of the 
brain from frontal trauma. 

The apical portion of the nose, consisting of hairless integu¬ 
ment and the nostrils, is called the nasal plane . ft is supported by 
cartilage, which also supports the portion of the nose between 
the nasal plane and the bony portion. The levator nasolabial and 
levator labii superior muscles can move the cartilaginous parts. 
Dilation of the nostrils changes the pattern of flow of inspired 
air. The nostrils are dilated when increased airflow is needed, as 
in dyspnea, and to aid sampling of interesting odors. 

The bony case of the nose is the facial portion of the respira¬ 
tory passageway The nasal cavity, comprised of bony and carti¬ 
laginous parts, extends from the nostrils to the choanae, being 
divided into right and left halves by the nasal septum. Each 
half of the nasal cavity has a respiratory and an olfactory region. 
The nasal conchae^-slighdy ossified scrolls covered by nasal 

fill the nasal cavities. Together with the nasal glands, 


mucosa 

the nasal mucosa has a role in conditioning the inspired air 
During normal inspiration, the respiratory and olfactory air cur¬ 
rents are concurrent. When the dog or cat wants to sample envi¬ 
ronmental odors, the nostrils are dilated and forced inspiration 
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Figure 210-1 Diagram of the olfactory 

epithelium showing the major ceil types and 

the projection of the ol factory receptor neu¬ 
rons to the bulb (see discussion of Olfaction in 
text). Bowman's glands produce mucus, and 
supporting cells help to detoxify chemicals 
that come in contact with the epithelium, 
(Courtesy Neuroscience, Sunderland, MA, 

Sinauer Associates, Inc, 1997, p. 267) 
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for protection of the alveoli. Even under extremely dry or cold 
conditions, the bronchi receive air warmed to body tempera¬ 
ture with a humidity of around 98%. 

Mucosal Cleaning 

The pseudostrati fled respiratory mucosa in the nose consists of 
ciliated, intermediate, basal, and goblet cells. They rest on a 
well-defined basement membrane supported by a deep, loose 
lamina propria containing small blood vessels, venous plexus, 
and ducts of mucous and serous glands, sensory nerves, and 
blood cells. The tall ciliated cell is the predominant type, and it 
extends from the basement membrane to the luminal surface, 
where cilia admixed with microvilli are found. The cilia actively 
move the overlying blanket of mucus by a to-and-fro move¬ 
ment, called the ciliary beat A more forceful forward move¬ 
ment and a less forceful recovery beat occurs. The forward 
movement transports the mucus blanket toward the pharyngeal 
end of the esophagus The two-layer mucous blanket is sticky, 
tenacious, and adhesive. The outer layer is more viscid than the 
deeper, periciliary layer. Insoluble particles, allergens, and bacte¬ 
ria caught on the outer layer are thus carried to the esophagus. 
Soluble material reaches the periciliary layer and is absorbed. 5 

Sneezing starts with a rapid inspiration followed by an invol¬ 
untary, sudden, violent, and audible expulsion of air through 
the nose and mouth. The reflex occurs after stimulation of 
sensory receptors in the nasal mucosa. It is the ultimate cleaning 
procedure for the nasal cavity in dogs and cats. 

Olfaction 

Three sensory systems are dedicated to the detection of chem¬ 
icals in the environment; (1) olfaction, (2) taste, and (3) the 
trigeminal chemosensory system. 4 Olfactory information 
can influence feeding behavior, social interaction, and repro¬ 
duction. A dog's sense of smell, together with its personality 
and intelligence, functions as a nose for humans in many 
circumstances. 


The transduction of olfactory information occurs in the 
nasal olfactory epithelium, the sheet of neurons and support¬ 
ing cells that lines the caudolateral wall, the ethmoidal conchae, 
and the dorsal part of the nasal septum, 5 h The olfactory receptor 
neuron is a bipolar neuron that gives rise on its basal surface to 
an unmyelinated axon that carries the olfactory information to 
the brain. At its apex the receptor neuron has a single process 
that expands into a knoblike protrusion from which several 
m icroviili, or olfa ctory cilia, extend into the thi ck l a yer of mucus 
that lines the nasal cavity and controls die ionic milieu of the 
olfactory cilia (Figure 2101), 

Generation of receptor potentials in response to odors takes 
place in the cilia of receptor neurons. The axons of the olfactory 
receptor cells form the olfactory nerves that pass through the 
cribriform plate directly to the olfactory bulb, on the ant era ven¬ 
tral aspect of the ipsilateral forebrain. Olfactory information is 
passed to the amygdala and primary olfactory cortex. Further 
pathways for processing olfactory information include the thala¬ 
mus, hypothalamus, entorhinal cortex, and hippocampus. ? 


HISTORY, CLINICAL SIGNS, AND PHYSICAL 
EXAMINATION 


History and Clinical Signs 

The medical history in nasal disease often includes dear state¬ 
ments of specific problems, because the signs of nasal diseas 
discharge, sneezing, bleeding—are obvious to the owner. 
Additional questions should be asked about the animal s 
general condition, appetite, drinking, activity, and endurance, 
and about changes in its habits, These questions and a general 
clinical examination are indicated because some systemic 
diseases cause nasal discharge (distemper, viral rhin otrach eitis) 
or epistaxis (bleeding disorders), w he re as some nasal diseases 
(such as advanced aspergillosis) can cause general malaise, and 
dyspnea can occur in obstructive nasal disease. 
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If nasal discharge is 


the predominant sign, the following 
questions should help determine whether it is from the left, 

the right, or both nostrils. If a nasal discharge is present, it 
should be characterized (watery, mucoid, pus, blood) aud its 
frequency noted. Discharge occurring only during sneezing 
indicates a less productive mucosal disease than does con tin- 

discharge, Occasional nasal bleeding is less alarming than 
frequent and profuse nasal bleeding, which can be fatal 
Sneezing, like coughing, is a reflex associated with protection 
of die mucosa. Particles, foreign bodies, inflammation of the 
mucosa, or abnormal turbulence in the nasal cavity associated 
with local drying of the mucosa can stimulate the sensory recep¬ 
tors in the mucosa. Continuous sneezing can cause irritation of 
the mucosa, leading to more sneezing and sometimes epistaxis. 
Pain in the nose may only become obvious when the animal 
begins to react adversely to the owner's customary petting. 
A dog with pain in the nose may object to having a collar or the 
loop of a leash drawn over its head, even though this is usually 

associated with the pleasure of a walk. Questions to obtain 

information about nasal pain should be adapted to the hvine 
conditions of the dog or cat. 

A nasal stridor is a soft, rustling or sniffing sound that 

synchronous with inspiration, expiration, or both. Narrowing 

of the nasal passageway, which increases the velocity of the 
airflow, causes the sound. 

Dyspnea may be caused by nasal obstruction in cats and 
dogs t both of which lend to avoid mouth breathing even in 
this situation, almost to the point of suffocation. Apparently, 
avoiding the consequent bypassing of the nasal function of 
cleansing and conditioning has a high priority. 


diminish the unfavorable effect of scattered radiation on radio- 

graphic quality, A grid is not used when part of the skull i: 

radiographed in open-mouth projections or when radiographs 

are made with intraoral film. Both nonscreen film in a lightproof 

envelope for intraoral application and screen film in a cassette 

with intensifying screens should be available. Nonscreen films 

require a much longer exposure time but produce radiographs 
with greater detail. 

Radiographs provide a complete overview of the anatomy, 
with high spatial resolution. However, sup e rim position of 

structures on the film may make it difficult and sometimes 

impossible to distinguish a particular detail, especially when 
structures differ only slightly in density. 


is 


uous 


Computed Tomography 

Like conventional radiography, computed tomography (CT) is 

based on differences in attenuation of an x-ray beam in different 
parts of the body. With the x-ray beam collimated to a narrow fan 

shape, the x-ray tube revolves around the object during exposure 
and the beam is altered as it penetrates the object. An array of 
sensitive detectors on the opposite side of the object quantitates 
the x-rays passing through, thereby determining the x-ray attenu¬ 
ation in different parts of the object, in all projections. Computer 
analysis of this collection of attenuation measurements results 
in a cross-sectional image of the object. This product is then 
displayed on a monitor with high spatial resolution and high 
contrast resolution than can be provided by conventional radio¬ 
graphs. An intravenously administered radiographic contrast 

should help to define normal from abnormal tissue 
and facilitate the recognition of blood vessels. Because the 
images represent "slices" of the object, they do not suffer from 
super imposition, but they also do not provide a survey view. 

Positioning of the animal is just as important in CT as in 
conventional radiography. The position of the object within 
the gantry will determine the scan plane. Support is 
perpendicular to the opening of the gantry and perpendicular 
to the scan plane. Therefore CT of the body is always axial, 
perpendicular to the long axis of the body, with some adjust¬ 
ment possible through angulation of the gantry relative to the 
dog or cat. Other scan planes can he achieved if the object can 
be positioned differently relative to the gantry opening. This 
is important, because interfaces between 
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Physical Examination 

After the shape of the nose as a whole is evaluated, the clini¬ 
cian should listen to the animal's respiration for nasal stridor 
Under quiet conditions, the clinician should listen close to the 
dog s (and especially the cats) nose while gently dosing its 
mouth. If stridor is noted and the clinician suspects it is 
caused by nostrils that are too narrow, moving the nasal alae 
laterally can change the tone of the stridor. Symmetry of the 
airstream can be examined by watching the movement of 
a small fluff of cotton held in front of each nostril. At the same 
time, the odor of the expired air can be noted. The area 
around the nostrils should be inspected for nasal discharge or 
crusts and the nasal plane for epithelial crusts (which could be 
caused by pathologic dryness), epithelial lesions, and depigmen¬ 
tation. The ventral wall of the nasal passages, which also forms 
the roof of the mouth, should be inspected through the opened 
mouth. The teeth, especially the canine teeth, should be 
inspected at the same time, because dental a bn ormalities 
cause disorders of the nose. 1 * More in-depth inspections belong 
to special diagnostic procedures and require anesthesia. 


organs or structures 
can only be imaged satisfactorily when they are perpendicular 

to the scan plane. The head in particular can be easily exam¬ 
ined in different scan planes. Transverse (coronal) scans of the 
head are made with the animal in prone or supine position 
and I he head extended. Dorsal (axial) scans are made with the 
animal in supine position and the nose pointing upward. 

Sagittal scans are made with the animal in lateral recumbency 
and the head raised 


can 


on a support. 

Magnetic Resonance Imaging 

Magnetic resonance imaging (MR!) is based on the magnetic 
properties of atomic nuclei that have an odd number of 

P 1 "® 1 'j nS " ® ccause protons are in a continuous state of rotation, 
called the nuchar spin , and have an electrical charge, they may 

be thought of as tiny magnets. The hydrogen nucleus consists 
ot a single proton, and hydrogen is abundant in living tissues; 
therefore hydrogen is eminently suitable for MRl 

In the body the magnetic forces of protons point in all 
directions, canceling each other out. When the body is placed 
a strong, homogeneous magnetic field (in clinical imaging 
usually between 0.15 and 1.5 Tesla [1 Tesla being 10,000 times 
the strength of the earth’s magnetic field]), the protons are 
forced into positions parallel to the axis of this magnetic field, 
not only spinning around their own axes but also around the 
axis of the magnetic field, like a child's spinning top. The fre¬ 
quency of this precession is called the Larmour frequency, and 
it depends on the strength of the external magnetic field. 


SPECIAL DIAGNOSTIC PROCEDURES 


Radiography 

The standard radiographic examination of the skull consists of 
a lateral and a dorsoventral projection. These radiographs 
provide all the information that is needed, or they may 

s part of the survey examination. These standard projections 

are usually of limited value in examination of the nose and nasal 

sinuses, and special projections, such as craniocaudal radio- 

graphs, open-mouth projections, or radiographs with intraoral 
him, are required. 

Radiography of the skul] demands the most stringent and 
careful radiographic technique. Any unintended obliquity in 
positioning will hinder evaluation of the radiographs. Deep 
sedation or general anesthesia is mandatory. When the diameter 
of the skull exceeds 10 to 12 cm, a grid must be used to 
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Using radio waves of die same frequency as the precession 
frequency the protons can be made to resonate: they will pre- 

around the axis of the external magnetic field at a *arger 
angle, and all protons will be in phase. When the radio frequency 
wave is switched off pulse relaxation occurs through two phe¬ 
nomena: (1) the protons realign in the magnetic field (T1 relax¬ 
ation] , and (2) they go out of phase (T2 relaxation). During the 
process of relaxation, the protons emit weak radio signals; it Is 
these signals that are used to create the images. The images may 
be dominated by the concentration of protons (proton density), 
by T1 relaxation (T1-weighted images !, or by T2 relaxation 


planes and slices can be selected in which the precession of 
protons has exactly the right frequency to he susceptible to 
the radio wave pulses. Images can then be made in different 
scan planes without having to reposition the patient. These 
images are influenced by the concentration of hydrogen nuclei 
in the part of the body being examined, by the chemical 
nature of the environment the nuclei are in, and by the inter¬ 
actions between nuclei. MR l provides detailed anatomic 
images with soft tissue contrast that is superior to that of CT. 
The soft tissue contrast may be further enhanced by the intra¬ 
venous administration of a contrast medium that is 


a para¬ 
magnetic substance (usually gadolinium). Its predominant 
effect is to shorten T1, so the regions that take it up are bright 
on TI-weighted images (Figure 210-2). 


(T2-weighted images). 


By using gradient coils to create small variations in the x, y, 
or z direction of the external magnetic field, certain scan 
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Figure 210-2 Transverse magnetic resonance image (MRI) showing fluid in the frontal sinuses of 
a dog. The fluid is dark on a Tl-weighted image (A) and bright on a T2-weighted image (B), After 
the intravenous administration of contrast medium, the Tl -weighted image (C) reveals enhance¬ 
ment of the well-vascularized mucosa of the frontal sinus but not of the fluid. 
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Rhinoscopy 

Rhinoscopy is a relatively simple procedure in dogs and cats. 
It requires anesthesia and tracheal intubation to prevent air 
circulation through the nasal cavities. Most veterinarians prefer 
to perform the examination with the dog or cat in sternal 
recumbency, in a sphinxlike posture. A firm pillow' is placed 
between the head and the front legs so that the head is stabi¬ 
lized but not fixed. The rhinoscopic examination is preceded 
by a careful inspection of the oral cavity and the pharynx. 

A simple otoscope can be used for visualization. It should be 
of good q uality, h aving a strong light source and dark specula, to 
illuminate the rostral part of the nasal cavity, 'Hie nostril is 
approached from the lateral side at an angle of 45 degrees to the 
vertical surface of the nasal plane. The Lip of the speculum is 
placed near the lateral limit of the nostril and is then introduced 
by slowly turning the otoscope until its line of vision is parallel 
to the nasal cavity. This movement is necessary to push the 
nasal ala, which obstructs the opening, into a lateral position. 

Once the otoscope is introduced, visibility is often poor. 
Nasal disease often causes discharge and the tip of the specu¬ 
lum can become blocked by mucus. The lens of the otoscope 
can be slid slightly to one side, allowing the introduction of 
a small suction cannula while vision through the lens is 
maintained. The mucus is removed under visual control, and 
the rostral part of the nasal cavity is then examined. 

The use of an otoscope is often preferable for diagnosis and 
removal of foreign bodies that have entered the nasal cavity 
the nostril, A forceps (called a foreign body forceps) devel¬ 
oped for use through an otoscope under visual guidance can 
be found in catalogs for human otoscopic instruments. 

An endoscope is needed for complete examination of the 
nasal cavity. The basic equipment includes a light source, a 
flexible fiber-optic cable, and a small diameter endoscope. The 
author and colleagues prefer the 25-degree vision rigid endo¬ 
scope that is 2.7 mm in diameter and about 15 cm long. The 
best instruments have a wide-angle lens, which is important 
for orientation and facilitates the examination. This scope is 
adequate for most cats and dogs. For small cats, a 1.2 mm diam¬ 
eter rigid scope is needed In most cats and dogs the 2,7 
scope can be introduced, and alongside it a suction cannula 
(size (>] or a foreign body or biopsy forceps can be passed. 

The light source for rhinoscopy can be a single-outlet model, 
but a combined light source and electronic flash generator is 
necessary to obtain photographic images. The camera should 
be adapted to the telescope and the timing of the flash. For 
leaching purposes a chip camera and a video recorder are great 
assets. Additional equipment for rhinoscopy includes several 
suction cannulas (size 6), a vacuum source, a selection of biopsy 
forceps, and a small dropper bottle of 0.1 % adrenaline solution 

to stop profuse bleeding (no more than I or 2 drops should be 
used at a time}. 

The anatomic borders that guide the inspection of the 
nasal cavity are the nostril rostrally, the nasal septum medially 
the roof of the nasal cavity dorsalJy, and the bottom of the 
nasal cavity ven traily. The cribriform plate is part of the caudal 
boundary the other part being the ventrally positioned open¬ 
ing to the nasal pharynx, the choanae* The endoscopic proce¬ 
dure aims at bringing the greater part of the nasal cavity into 
view. The procedure is limited by the choanae, if not by the 
pathologic process. Careful maneuvering and repositioning of 
the endoscope should result in a reliable impression of the 
normal and pathologic structures in the nasal cavity 

The main indications for rhinoscopy are a history of uni¬ 
lateral nasal discharge, the known or probable entrance of a 
foreign body obstructive disease indicating tumor with no 
conclusive radiographic findings, and severe rhinitis with a 
suspicion of aspergillosis. In all other cases of chronic nasal 
disease with no significant findings by radiography rhinoscopy 
might be helpful but is not always conclusive. 


The inspection of the nasopharynx and choanae can be 
accomplished with a flexible endoscope having a diameter of 
4 mm and being capable of 180-degree retrospective vision, 
introduced via the mouth and then around the soft palate. 

This instrument not only provides visualization of the lesions 
but also affords the opportunity' to biopsy. 


Olfactory Tests 

No simple method exists to study olfaction in dogs The : 
of smell should be tested by activation of the olfactory recep¬ 
tor neurons and activation of the brain. The activation of the 
brain is 


sense 


recorded by elec true nceph olographic olfactometry 
analysis. Some authors have reported results in dogs with sup¬ 
posed normal olfactory function and in those that have lost the 
sense of smell 911 


CONGENITAL DISEASES 


Congenital malformation of the nasal plane is a common finding 
brachycephalic breeds. The cartilage supporting the nasal 
plane is soft; thus the alae collapse, closing the nares. Corrective 
surgery is a simple procedure and consists of remo ving 
shaped piece of the ala and suturing the sides of the incision 
together in such a way that the nasal opening is enlarged, 1 * 

In dogs and cats, variable congenital lesions of the nasal 
plane or more extensive clefts can be repaired surgically. The 
success of surgery' is largely dependant on the available tissue 
around the cleft. Oronasal and oropharyngeal clefts 
rhinitis and should be considered for surgical repair. 
Euthanasia may be justified if repair is not possible and nasal 
discharge and dysphagia are causing recurrent fever and pain. 
Nasal dermoid sinus cysts have been reported in dogs. 13 This 
cyst is recognized as a fistula in the midline of the bridge of 
the nose, producing intermittent discharge. Exploration of the 
fistula may reveal skin and hair as far down as the nasal 
septum. This abnormally located tissue must be completely 
removed before the skin incision is closed. A congenital cere¬ 
brospinal fluid (CSF) fistula, causing rhinorrhea, was reported in 
a cat. ft was closed successfully . u 

The frontal sinuses are variable in size and sometimes 
absent. Their absence is not associated wuth clinical signs. 
Congenital ciliary dysfunction has been documented in dogs 
of various breeds. Primary ciliary dyskinesia is a disorder in 
which ciliary function is ineffective and uncoordinated, result¬ 
ing in rhinitis, bronchitis, bronchiectasis, and bronchop 
monia. When associated with situs inversus, the clinical 
syndrome is known as Kartagener’s syruArutne^ The initial signs 
(nasal discharge and coughing) usually begin at an early age, 
from days to 5 wrecks of age. How'ever, some dogs have 
remained asymptomatic for months. Complications 
caused by colonization of the mucosa and the conchae by 
Pasteurella multocida and Bardetelbi bronchiseptica, which 
cause hypoplastic conchae via bone resorption. 

Mucociliary clearance in the dog's nasal cavity can be 
measured by placing a small drop of "^Tc macroaggregated 
albumin deep in the cavity, via a catheter, beyond the 
ciliated rostral half. The velocity of mucus clearance ranges 
from 7 to 20 mm/min, 1 " The test is not affected by anesthesia. 
However, not all normal dogs have a clearance rate within the 
reference range, and inflammation can change the velocity of 
the ciliary beat. To avoid spurious values, the test should be 
repeated and performed bilaterally. 

Functional analysis of cilia in vitro is performed by 
ining transverse sections in electron micrographs after 
glutaraldehyde-osmium fixation. Major ultrastructural lesions in 

cilia of dogs wnth primary ciliary dyskinesia include lack of 
dynein amis, an 
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abnormal microtubular pattern, and an electron- 
dense core in the basal body. 15 The prognosis is guarded. 
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Bacteria! Rhinitis 

Primary bacterial rhinitis is uncommon in both dogs and cats. 
Bacterial rhinitis develops as a sequela to viral rhinitis in cats, 
can be Caused by foreign bodies in both dogs and cats, and 
occurs secondary to many other disorders due to disruption of 

normal mucociliary mucosal integrity. 

Mycotic Rhinitis 

Mycotic diseases involving the nasal cavity, the frontal sinuses, 
and the nasal plane occur in both dogs and cats. In dogs the 
most prevalent mycosis in the nasal cavity and frontal sinuses 
is caused by Aspergillus spp. The fungus is also found rarely in 
the nasal cavity in cats. Cryptococcus neoformans is a more 
common cause of mycotic nasal disease in cats and in certain 
geographic areas is quite common; nasal infections also occur 
in dogs, Altemaria spp. may infest the nasal plane in cats, causing 
proliferation of the skin and thereby dyspnea, 

Aspergillus spp, are considered to be opportunists, producing 
infections in man and animals, especially when resistance to 
infection is reduced or when large numbers of spores are pre¬ 
sent, Spores of Aspergilus fumigates are present on household 
plants, on furniture made of plant material, around bird cages, 
and simply in house dust. 

In dogs, Aspergilus spp. plaques are usually found in the 
caudal part of the nasal cavity or in the frontal sinus. They are 
presumed to represent primary infections. The toxins produced 
by the fungus cause atrophy ol the conchae in the areas of the 
fungus plaques and severe destruction of the mucosa and 
underlying structures in the entire nasal cavity and frontal sinus. 
There may be bone resorption and periostitis on the frontal 

bones, and atrophy and resorption of die internal surface of the 
frontal bone may open the way to the brain .'Hie disease may 
spread bilaterally, destroying all internal and external bony 
structures, as well as the orbit, the nasal septum, and the nasal 
plane, A. fumigatus was identified in 25 of 27 of dogs (involving 
the sinus and related structures).^ Disseminated aspergillosis 
caused by A terreus, not originating from the airways, has also 
been reported, 21 Aspergillus spp. can be associated with long- 
standing traumatic changes in the mucosa, caused by persisting 
foreign bodies in the nasal cavity or oronasal fistulas. These 
infections are presumed to be secondary to the trauma. 

Clinical signs of aspergillosis in the nose and frontal sinus 
are dominated by profuse mucopurulent nasal discharge 
and nasal pain. Depigmentation of the nasal plane below the 
nostril from which discharge appears is a characteristic sign 
(Figure 210-4), Intermittent hemorrhagic discharge occurs and 


Affected dogs that develop severe recurrent bronchopneumo¬ 
nia usually die of sepsis. Continuous treatment with broad- 
spectrum antibiotics may enable such dogs to survive longer. 
Therefore cultures should be repeated to maintain correct 
antibiotic treatment based on sensitivity testing, A worthwhile 
rev i e w of t rea tment and Ion g-te rm surv iva 1 in dogs is ava i l a bl e 
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INFLAMMATORY DISEASES 


Viral Rhinitis 

Viral rhinitis is a prominent disease in cats The initial clinical 
signs are paroxysmal sneezing, conjunctivitis, and serous ocular 
and nasal discharge. About 5 days after the onset of sneezing, 
the nasal discharge becomes mucopurulent and there may 
be ocular complications. The condition usually persists tor 2 to 
3 weeks. Feline herpesvirus* 1 (FHV-1) and feline calidvirus 
(FCV) are the most prevalent and virulent respiratory pathogens 
of cats and account for at least 80% to 90% of their infectious 
upper respiratory tract (URT) infections. kv 17 The introduction 
of modified-live virus (MLV) vaccine against these two viruses 
has substantially decreased mortality and morbidity but has 
not eliminated the diseases. Immunization against these viruses 
protects the cat from development ol severe disease but not 
from infection. 

Because these viruses can spread rapidly among kittens and 
the prevalence of chronically infected virus carriers is high, 
elimination of the disease is not feasible. It is estimated that 
80% of cats recovering from acute infection become chronic 
carriers. The predominant route of infection is by direct cat-to-cat 
contact, 11 The chronic carrier state may develop subsequent to 
infection with either FHV or FCV and also occurs in vaccinated 
cats. Although cats carrying FHV do not necessarily shed viru¬ 
lent virus continuously, they should be considered infectious 
when they are sneezing and have nasal discharge. Caiicivirus 
carriers shed virulent virus continuously from the oropharynx, 
fhey may have no clinical signs or mild nasal discharge, gingival 
ulceration, and periodontitis. 

Viral rhinitis is a prominent clinical sign of canine distem¬ 
per (Figure 210-3). Vaccination has reduced the occurrence of 
the disease to sporadic cases in countries where stray dogs are 
limited and veterinary care adequate. Herpes infection in 
newborn puppies is characterized by profuse mucopurulent 
nasal discharge. The diagnosis is usually made at autopsy 
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Figure 210-4 Depig men tat ion of the nasal plane below the nos¬ 
tril from which discharge appears in a dog with nasal aspergillosis 
in the right nasal cavity 


Figure 210-3 A 5-month-old Samoyed with distemper and 

bilateral mucopurulent discharge. Viral rhinitis is a prominent 
clinical sign of canine distemper 
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profuse nasal bleeding is not unusual. When only the frontal 
sinus is infected, hemorrhagic discharge or profuse bleeding 
from the nose may be the only sign.The nasal infection is often 
unilateral initially, becoming bilateral later Aspergillosis is often 
not suspected in its initial stage, and histories of nasal discharge 
present for months are common. No apparent correlation exists 
between the duration of the initial nasal discharge and the 
severity or progression of signs by the time of diagnosis. Other 
factors, such as th e num her of i n feeling spores and the resi sta nee 
of the host, may play a role. Depression is a prominent sign 
when the frontal sinus is infected. 

The diagnosis of aspergillosis as the cause of rhinitis is 
made by the finding of fungal plaques or positive fungal cul¬ 
ture results. Recognition of the fungus plaque is facilitated by 
the atrophy of the conchae around it, which reduces the 
normal obstruction to rhinoscopic vision in the caudal part of 
the nasal cavity [Figure 210-5). The extent of the destruction 

in the nasal cavities and the frontal sinuses is well demon¬ 
strated by radiography, CT, or MRL, but the diagnosis depends 
on finding the fungus [Figure 210-6). When the fungus is in 
the frontal sinus alone, radiographs usually demonstrate irreg¬ 
ular soft tissue densities in the frontal sinus, thickening of the 
wall of the sinus, and sometimes reaction of the periosteum. 
A CT scan may reveal the severity of further bony involvement. 
A 3 to 4 mm diameter trephined opening in the frontal bone 
on the side of the affected sinus can reveal the fungus as thick, 
grayish-yellow material, sometimes with greenish lumps. 1 his 
material should be removed and cultured. Cultures from nasal 
discharge are often negative because the fungus is usually 
located in the caudal part of the nasal cavity and is not shed 
in the nasal discharge. A serologic test is available for detecting 
antibodies to Aspergillus spp in serum. 

Treatment of sinonasal aspergillosis is topical or systemic. 
Topical treatment is usually with enikonazole or clotrimazole. 
The choice between these two drugs is arbitrary, because 
there has been no satisfactory clinical trial to compare them. 
The ongoing discussion is how to apply the suspensions and 
how long the treatment should be given. The basic idea is to 
Bush the frontal sinus and the nasal cavity (e,g., via tubes 


introduced through trephine holes). The author's clinical 
experience (in about 120 cases; an average of 10 per year) 
indicates that administration of 10 cc of a 10% suspension of 
enilconazole per tube twice daily for 14 days is sufficient. It is 
unpleasant for the dog because enilconazole has a bitter taste 
that most dogs dislike intensely, A retrospective study of cases 
treated m our clinic [unpublished data) revealed success in 

about 95% in over 100 cases. Hence 90% success can be 

expected, A less unpleasant systemic treatment would be 
much preferred, but the success rates and observed toxicities 
of other methods are not yet encouraging. Details on clotri¬ 
mazole therapy have been published. 17 

Cryptococcosis is found as a cause of rhinitis in dogs and 
cats. The clinical signs are obstructive rhinitis and mucopuru¬ 
lent discharge. In cats, crusts sometimes occur on the nasal 
plane and the bridge of the nose. Some cats develop mucopu¬ 
rulent conjunctivitis. In fresh material from the nose placed 
on a slide and stained with India ink, Cryptococcus spp. organ¬ 
isms are recognized as thick, encapsulated, round to oval 
yeasts. They can be cultured on Sabonraud s agar, 

Ketoconazole, itraconazole, or fluconazole can be used for 
therapy, which should be continued for 8 weeks. Altemuria 
spp, are found to cause granulomatous infections with crusts 
on the nasal plane in cats. Antimycotic treatment may be dis¬ 
appointing and removal of the nasal plane, as in nasal plane 
squamous cell carcinoma, can be a satisfactory solution. 

Neurogenic Rhinitis 

The clinical signs ol neurogenic rhinitis in dogs are dryness of 
the nasal plane on one or both sides, sometimes with crusts* 
and slight mucopurulent nasal discharge. The most frequent 
clinical signs are dryness of one side of the nasal plane 
together with ipsilateral keratoconjunctivitis sicca and 
mucopurulent conjunctivitis. The cause of the disorder is loss 
of parasympathetic innervation and when keratitis sicca is 
present, the dysfunction also affects the lacrimal, palatine, 
and nasal glands - In dogs with this disorder, ipsilateral otitis 
media can be suspected if reddening of the tympanic 
brane is noted. The lesion in the parasympathetic nerves may 
be caused by otitis media, because the parasympathetic nerves 
are carried in the chorda tympani and pass freely through the 
middle ear. In all cases, treatment of the otitis media with 
broad-spectrum antibiotics resolved all problems. 

Diagnosis of neurogenic rhinitis is more difficult when it is 
bilateral. The Schirmer tear test should be helpful, but no 
values have been reported. Clinical examination and exclu¬ 
sion of other causes may lead to presumption of a possible 
neurogenic cause. Massaging non perfumed moistening cream 
into the nasal plane eight times daily and administering four 
drops of artificial tears into the nasal cavity four times daily 
will resolve the clinical signs if the diagnosis is correct. 
This treatment will be required lifelong, because no known 
specific treatment for the parasympathetic nerve dysfunction 
exists. 

Specific Rhinitis 

Polyps occur in the nasal cavity in both dogs and cats. They 
consist of focaj accumulation of edema fluid, hyperplasia of the 
submucosal connective tissue, and a variable inflammatory 
infiltrate of eosinophils, plasma cells, and lymphocytes. Hence 
they are not neoplastic hut inflammatory polyps.* 4 They are 
found in the nasal cavity of cats with signs of obstructive rhini¬ 
tis. Bilateral obstruction may be caused by bilateral polyps or a 
unilateral polyp that extends into the nasopharynx. 

Diagnosis is usually made by rhinoscopy. The polyp is seen 
as a red mass in the nasal cavity, and biopsy reveals it to be 
inflammatory tissue. Removal is difficult, usually requiring 
removal of all structures in the nasal cavity through a small open¬ 
ing in the nasal bone. This damages the olfactory epithelium, 
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Figure 210-5 Aspergillus plaque, A rhinoscopic view in the caudal 
part of the nasal cavity. 
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Figure 210-6 A, Dorso ventral radiograph (intraoraJ 
Dane with aspergillosis of the left nasal cavity and frontal sinus. B to E, Transverse 5 mm thick com¬ 
puted tomography (CT) images of the nose and frontal sinuses of the same dog before (B and C) 
and 6 weeks after (D and E) successful treatment. The reader should note the remnants of the 
trephined openings in the nasal and frontal bones. No obvious differences exist between CT images 
before and after treatment. The extent of the destruction in the nasal cavities and the frontal sinuses 
is well shown by radiography and CT but the diagnosis depends on demonstrating the fungus. 


Polyps in the nasal cavity are rare in dogs. They are diag¬ 
nosed by rhinoscopy and biopsy which reveals inflammatory 
tissue. They are usually unilateral. Rhinotomy via the nasal 
bone and removal of all conch a e and the polypous tissue 
relieves the obstruction. Histologic examination will reveal 


and recognition of food is disturbed. When one nasal cavity is 
freed of polyps, the cat regains its sense of smell with help 
from the intact side. Bilateral surgery should be avoided and, 
when necessary, only performed after the cat seems to be fully 
recovered from the first operation. 
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Figure 210-7 Squamous cell carcinoma of the nasal plane of a 

cat. Biopsy is required to differentiate tumor from inflammatory 
tissue. 


x-d. 
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Figure 210-6—Cont'd 


tumor growth does not yet extend around the nasal plane* 
Other tumors of the nasal plane are fibroma and fibrosar¬ 
coma* which grow initially beneath the epithelium and do not 
ulcerate primarily. Surgical removal in an early stage is possi¬ 
ble without too much cosmetic damage. 

Tumors of the Nasal Cavity 

Tumors occur in the nasal cavity of dogs and cats of all ages, but 
most often in pets over 5 years of age. Almost all are malignant. 
ITiey invade the surrounding tissue but rarely metastasize before 
the dog or cat is euthanized. The most frequent tumors 
squamous cell carcinoma and adenocarcinoma; less frequent are 

chondrosarcoma, osteosarcoma* and lymphosarcoma. 

The clinical signs include sneezing, hemorrhagic discharge* 
and mucopurulent discharge. In most cases, unilateral obstruc¬ 
tion of the nasal cavity is recognized because of nasal stridor. 
No evidence of pain is observed, and the dog or cat becomes 
dyspneic only when the mouth is dosed* which means when 
sleeping. As long as the tumor is unilateral, the dyspnea is 
moderate. When the tumor obstructs both nasal cavities, dys¬ 
pnea during sleep becomes a serious hindrance, causing the 
animal to awaken repeatedly during the night and often be 
very depressed in the morning. When no therapy is offered 
beyond permanent tracheostomy, which is rarely accepted by 
the owner, recurrent nasal bleeding and dyspnea are the usual 
reasons for euthanasia, in both dogs and cats. Cats, however, 
often stop eating, which may provide a humane end point and 

a reason for euthanasia. 

Radiographs should be obtained with the dog or cat under 
anesthesia. Tumor is suspected when increased density is 
found in one or both nasal cavities* with loss of normal 
illary and ethmoidal conch ae. Zt> The extension of the 
should be considered when estimating the animals life 
expectancy, but this is usually decided by the owners inter¬ 
pretation of the quality of the animal J s life, in all cases tn 
which the radiographic diagnosis is uncertain, rhinoscopy is 
the next diagnostic procedure. Under rhinoscopic visualiza¬ 
tion the tumors vary greatly in shape and firmness, and their 
color ranges from gray to deep red. Biopsies are always taken 
for histologic confirmation of the diagnosis. If no therapy is 
planned, neither CT nor MRI is indicated. Radiation therapy 
could be considered, and details have been described. 27 

Tumors of the Frontal Sinus 

Tumors in the frontal sinus develop within a bony case. The 
frontal sinus does not have a specific function; therefore 


whether the structure is a polyp or an unexpected neoplasm. 
In dogs, polyps usually recur after I or 2 years, but in cats 
recurrence is rare. 

In young dogs and cats* foreign bodies such as grass and 
other plant material are common. Owmers may know when 
the material entered the nasal cavity, usually via the nostril. 
Being plant material the foreign body has the density of soft 
tissue and is usually not visualized on radiographs. Rhinoscopy 
in search of a foreign body needs patience and the use of suc¬ 
tion, under visual control, to remove mucopurulent exudate 
before the foreign material is exposed and can be removed. 
Grass can enter the nasal cavity while a cat is chewing on it, as 
cats often do. Out of a ball of mucus and grass in the pharynx, 
a sprig of grass can enter the nasal cavity via the nasopharynx. 

It can he found by rhinoscopy and removed under visual control 
via the nostril. 

Nasal allergic rhinitis is presumed to occur, but confirma¬ 
tion of the diagnosis has not yet been convincing, partly 

because IgE-based rhinitis* as occurs in human, has yet to be 
demonstrated. 


TUMORS OF THE NASAL PLANE, NASAL CAVITY. 
AND FRONTAL SINUS 


«-H 


Tumors of the Nasal Plane 

Squamous cell carcinoma of the nasal plane is found in cats in 
most countries of the world (Figure 210-7). The diagnosis 
should be made by biopsy, but the diagnosis is often delayed 
because initial biopsies may only reveal inflammation. When 
the tumor grows and destruction of tissue is in progress, total 
removal of the process is justified, provided that the removed 
tissue is submitted for histologic examination. In the differen¬ 
tial diagnosis of processes causing proliferation of the tissue 
of the nasal plane, with crusts and destruction, infection by 
Altemaria spp. and eosinophilic granuloma should be 
included. Both are easily identified in biopsy material. Surgical 
removal of the neoplastic nasal plane in cats has been instruc¬ 
tively described. 25 One firm incision will allow histologic 
confirmation of a tumor-free cut surface. Squamous cell card- 

n oma of the n asa 1 p] ane sometimes occurs in dogs. The cosm etic 
results of removal of the nasal plane are less satisfactory in 
dogs than in cats. In both, the best results are obtained when 
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development of the tumor will be noticed only when unilat¬ 
eral nasal bleeding is recurrent or when the enlarging tumor 
causes pressure atrophy of the frontal bone and becomes 
apparent as a swelling arising in the frontal sinus. 

In the diagnostic investigation of recurrent nasal bleeding, 
radiographs will be made of the nasal cavity and the frontal 
sinus, and a radiographic density in the frontal sinus will be 
noticed. The differential diagnosis of such a density in combi¬ 
nation with a radiographically normal ipsilateral nasal cavity 

includes aspergillosis, tumor, and accumulation of mucus 
associated with obstruction of the nasofrontal duct. Because 
the frontal sinus is separated from the brain by only a thin 
layer of bone, additional diagnostic imaging by CT or MRl is 
valuable. When a swelling arising in the frontal sinus is recog¬ 
nized by physical examination, the same procedure of taking 
radiographs followed by CT or MRI is indicated. With these 
imaging tools, extent of the lesion and differentiation of the 
contents of the frontal sinus may be determined. Tumor in the 
frontal sinus can be recognized by CT or MRI with an intra¬ 
venously administered contrast medium. Vital tissue will be 
enhanced by the contrast medium, whereas debris will not. It 
must then be determined by CT or MRI whether the bony 

case of the frontal sinus is intact, especially whether the orbit 
or the brain is invaded, and whether the contralateral frontal 
sinus is included in the process. 

When these procedures indicate that the tumor can be 
removed, a surgical approach via the frontal bone is indicated. 
At the end of the surgical procedure it is important to exam¬ 
ine the patency of the nasofrontal duct and to relieve any 
obstruction. Like tumors in the nasal cavity, most tumors in 
the frontal sinus are malignant, and complete surgical removal 
is unlikely. Biopsy of the tumor through a small trephined 
opening in the frontal bone should be considered as an inter¬ 
mediate step. 
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Figure 210-8 Transverse 5 mm thick computed tomography 
[CT) image through the frontal sinuses of a Labrador retriever 
with fractures of the right frontal sinus caused by being struck by 
a car. CT allows accurate assessment of the nature and extent of 

the fractures and identification of loose fragments in the frontal 
sinus. Bone fragments seen in the frontal sinus should he 
removed. 


Trauma to the Nose 

Trauma to the nose is characterized by massive bleeding, 
which adds to the other effects of the impact in promoting 
shock. A thorough examination for signs of this is indicated 
(see Trauma to the Frontal Sinus). Fractures and wounds 
should be noted, but priority must usually be given to the 
treatment of hypovolemic shock. 

When the dog or cat is sufficiently stable, the larger vessels 
should he ligated and skin sutures should be placed as needed. 
Skin sutures, sometimes supported by subcutaneous sutures, 
may be sufficient to remodel the outer form of the nose. 
Fractures of the choanae are best left alone, because they 
are unlikely to ever result in obstruction. Severe traumatic 
damage to the nose almost always causes temporary obstruc¬ 
tion, making tracheotomy necessary. Adequate oxygenation 
aids m avoiding general malaise and loss of appetite. Liquid or 
soft food facilitates eating. In dogs the tracheal cannula is 
often left in place for 10 days or longer. In cats that have 
difficulties with long-term tracheostomy, a small intranasal 
catheter may be placed and connected to the oxygen supply. 
Use of this method, however, depends on the pathway 
through the wounded nose. In the author's experience, the 
nose is functionally adequate in 2 to 3 weeks. If needed, more 
corrective surgery could he attempted after 6 weeks. 


TRAUMA TO THE FRONTAL SINUS 
AND THE NOSE 


Trauma to the Frontal Sinus 

Blunt or sharp objects can cause traumatic injury to the 
frontal sinus. The frontal bone in dogs and cats is relatively 
thick and provides good protection, so a fracture of it implies 
that a heavy blow to the head has occurred. The pet should 
therefore be given a thorough clinical examination for 
(1) signs of shock such as tachycardia, hypotension (pro¬ 
longed capillary refill time, weak pulse), rapid respiration, 
dilation of the pupils, hypothermia, muscle weakness, restless¬ 
ness, and depression or even coma 2 * and (2) other fractures or 
wounds. Frontal bone fractures do not require immediate 
attention unless brain damage is suspected. In the absence 
of signs of brain damage, and when other traumatic injuries 
have been attended to, the nature and extent of the frontal 
hone fracture should be examined by radiography, CT or 
both (Figure 210-S), Prolonged anesthesia is needed; 
thus these procedures are usually delayed for 24 hours 
or more. 

When bone fragments are seen to be present in the frontal 
sinus they should be removed. Like any foreign body, small 
bone fragments are likely to become sequestered. Surgery 
shou 1 d be performed with ftiU attention to asepric procedures. 
Before attempting reconstruction of the frontal bone, it is 
important to examine the patency of the nasofrontal duct 
and to relieve any obstruction. Airtight suturing of the sub¬ 
cutis, including periosteum, followed by routine skin closure 
prevents the development of subcutaneous emphysema. 
Administration oi broad-spectrum antibiotics for 3 weeks 
and strict limitation of activity during this period (keeping 
a cat confined to the house) will prevent complications. 


ER15TAXJS 


Epistaxis (Le # nasal bleeding) is often spontaneous and tran¬ 
sient, and it is apparently due to a local cause. When it is 
recurrent or profuse, with considerable loss of blood, diagnos¬ 
tic investigation is indicated. The several causes of epistaxis 
should be considered in planning diagnostic procedures. 
Recurring epistaxis occurs in both dogs and cats, but profuse 
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nasal bleeding occurs mostly in dogs. Recurring epistaxis in 
dogs and cats can be caused by ulcerative rhinitis, mycotic 
rhinitis, and tumor in the nasal cavity. Profuse nasal bleeding 
in dogs is most often caused by aspergillosis in the nasal cavity 
or frontal sinus, or it is caused by tumor in the nasal cavity and 
frontal sinus. Epistaxis can also be the sole sign of defects in 
primary hemostasis (platelet plug formation) or secondary 
hemostasis (coagulation cascade). 29 Lesions in the nasal mucosa 
leading to epistaxis can also occur with systemic diseases such 

as leishmaniasis and amyloidosis. 

Epistaxis caused by local disease in the nasal cavity 
frontal sinus is approached (as are all nasal diseases) by a gen¬ 
eral and specific examination for nasal disease, as described 
earlier in this chapter. When the bleeding has occurred recently, 
radiographic examination should preferably be delayed for at 
least 48 hours because clotted blood can be misinterpreted 
a mass in the nasal cavity. Rhinoscopy should also be delayed 
for at least 48 hours after the bleeding has stopped, because 
the presence of blood clots hinders inspection and could lead 
to misinterpretation of findings. 

In the meantime, profuse nasal bleeding should be stopped. 
It is best to sedate the animal (phenobarbital [2 mg/kg] is 


advised, because it does not affect blood pressure). After 
siderable blood loss, sedation that causes hypotension could 
lead to shock in association with hypovolemia and should 
therefore be avoided. Sedation will help stop bleeding. 

Nasal tamponade is only acceptable for a short period and 
under anesthesia. For less profuse bleeding, nasal drops of 0.1% 
adrenaline are helpful. The use of adrenaline should, however, 
be restricted. Overdose could cause death due to vasoconstric¬ 
tion of the arteries supplying the brain. The administration of 
three drops in one of the nasal cavities in dogs and one drop in 
cats, repeated up to three times per 24 hours, is acceptable and 
effective when used during the bleeding. It should not be used 

attempt to prevent nasal bleeding. When examination 
of the nasal cavity and the frontal sinus reveals no cause for the 

bleeding, further investigation of primary diseases causing 
hemostasis is indicated. 
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CHAPTER 211 


Diseases of the Throat 


Nolie K. Parnell 


* GENERAL ANATOMY AND PHYSIOLOGY 

The throat is an important, but mostly ignored, communal 
of both the gastrointestinal (GI) and respiratory 
Anatomically it is divided into the pharynx and larynx. The 
pharynx is further divided into die nasopharynx, the oropharynx, 
and the laryngopharynx, The nasopharynx is located dorsal to 
the soft palate, between the choanae and the intrapharyngeal 
opening. It is a functional space that allows the nasal cavity 
to communicate with the larynx. The oropharynx is ventral 
to the soft palate and extends from the palatoglossal arches 
rostrally to the base of the epiglottis caudally. The intrapha¬ 
ryngeal opening and the rostral border of the esophagus create 
the boundaries of the laryngopharynx, the most caudal part of 
the pharynx. 1 The laryngopharynx functions as an intersection 
to both the respiratory and digestive tracts. The larynx consists 
of three unpaired cartilages (epiglottis, cricoid, and thyroid) 
and one pair of arytenoid cartilages. The glottis (or cranial open¬ 
ing of the larynx) is composed of the comiculate and cuneiform 
process of the arytenoid cartilages and the epiglottis. Minor 
anatomic differences exist between feline and canine larynx. 2 
Cats lack the interarytenoid cartilage found in dogs and 
instead have an interarytenoid ligament in its place. Cats also 
lack a vestibular ligament. Due to this deficiency the feline 
arytenoid cartilage is connected to the ventral aspect of the 
larynx by the vocal ligament. Another important anatomic dif¬ 
ference is cats lack the laryngeal ventricles that are found 
between the vestibular and vocal folds in the dog. No dramatic 

differences exist between feline and canine innervation and 
muscles of the larynx. 


Swallowing, or deglutition, is a complex reflex action that 
coordinates many structures. Cranial nerves, the swallowing 
center in the reticular formation of the brain stem, the muscles 
of mastication, tongue, soft palate, pharynx, larynx, and esopha¬ 
gus are all involved in what appears to be a simple act of allow¬ 
ing transport of material from the mouth to the stomach. 3 As a 
lesser recognized function, swallowing also allows saliva and 
debris to be removed from the pharynx. Deglutition begin 
a voluntary act but during its execution becomes a reflex. 
Deglutition is traditionally described as having three phases; 
(1) ora!, (2! pharyngeal, and (3) esophageal. The oral phase 
begins when mastication is complete. The tongue then 
the food bolus that is organized at the base of the tongue to a 
position that is on midline between the tongue and the hard 
palate. Motor fibers to the tongue are supplied by cranial 
nerve XII. Sensory fibers from the oral cavity and motor fibers 
to the masticatory muscles and soft: palate originate from 
cranial nerve V, The oral phase is voluntary, but when the food 
bolus is pushed into the pharynx, receptors are stimulated 
that initiate the involuntary, or reflex, component of degluti¬ 
tion. Sensory receptors are found in the pharynx, palate, and 
epiglottis. Impulses from these receptors are transmitted along 
the glossopharyngeal nerve, recurrent laryngeal branch of the 
vagus nerve, and the maxillary branch of the trigeminal 
to the swallowing center in the meduila (located in the floor of 
the fourth ventricle). The efferent arm of the reflex involves 
the motor nuclei of cranial nerves V, VII, EX, X, and XD.^ 
These nerves supply the muscles of mastication, tongue, 
palate, pharynx, larynx, and esophagus. During the pharyngeal 
phase the goal is to pass food from the oropharynx into the 
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esophagus and to prevent food from being aspirated into the 
trachea or moved into the nasopharynx. This is accomplished 
by elevation of the soft palate and the palatopharyngeal folds 
moving inward as the vocal cords are pulled together and the 
larynx is elevated against the epiglottis. The final act during 
the pharyngeal stage of swallowing occurs when the cricopha¬ 
ryngeal muscle relaxes, the upper esophageal sphincter opens, 
the bolus moves into the esophagus, the sphincter doses, and 
the pharyngeal muscles relax. The cricopharyngeal muscle is 
innervated by the pharyngoesophageal nerve, which is formed 
by cranial nerves IX and X. 1 The final stage of deglutition, the 
esophageal stage, transports the bolus from the esophagus, 
through the gastroesophageal sphincter, and into the stomach. 
The esophagus is innervated by the vagus nerve. 

The larynx has three functions: (1) to act as a conduit for 
air, (2) to protect the lower airway from aspiration during 
deglutition, and (3) vocalization. The glottis remains partially 
open when an animal is at rest. When greater airflow is needed, 
the glottis is widened by abduction of the arytenoid cartilages 
and vocal folds (via cricoarytenoid muscles) during inspira¬ 
tion (and the same structures adduct during expiration). The 
cricoarytenoid muscles are innervated by the caudal laryngeal 
nerves, which are derived from the recurrent laryngeal 
! he recurrent laryngeal nerve innervates all the muscles of the 
larynx except the cricothyroid muscles that are supplied by 
the cranial laryngeal nerves. During deglutition the larynx is 
pulled craniafly by the geniohyoideus and mylohyoideus 
muscles. This allows the epiglottis to close over the larynx, 
protecting the lower airways. The adductor muscles close the 
glottis concurrently. This creates an additional defense against 
aspiration. 


examination may include exercising the patient, because 
sionally manifestation of the disease only occurs after physical 
exertion. Many animals will have dyspnea, and a thorough 
physical examination may not be possible until the animal is 
stable. Significant airway compromise may be overlooked. It is 
important to assess the degree of respiratory compromise by 
evaluating the patient's attitude, posture, mucous membrane 
color, and both respiratory rate and pattern. Precluding the 
emergency situation, once the general examination is com¬ 
plete one may concentrate on examining the oral cavity. It is 
extremely difficult, if not impossible, to adequately evaluate 
the larynx and pharyngeal areas without heavy sedation 
general anesthesia. In most cases it is easier for the examiner, 
and safer for the animal, if tracheal intubation is performed. 
A standard method of evaluating the oral cavity should be estab¬ 
lished so that one does not miss an important abnormality. 
The larynx is evaluated both for structural problems and func¬ 
tional abnormalities; the pharynx is evaluated for physical 
abnormalities. Pharyngeal function cannot be evaluated when the 
patient is sedated; rather, video fluoroscopy is recommended 
when critically assessing pharyngeal function. 
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DIAGNOSIS 


Diagnostic Imaging 

Lateral and ventrodorsal radiographic view's of both the skull 
and cervical areas are indicated- Radiopaque foreign bodies 
can be identified that may be missed on laryngoscopy and 
pharyngoscopy (e + g., sewing needle embedded in soft tissues). 
Radiographs are also useful in identifying bony changes 
ciated wfith chronic inflammation or neoplasia, identifying 
clues of unreported trauma (e.g., subcutaneous emphysema), 
and occasionally soft tissue masses. Suggestion of a soft tissue 
mass is confirmed by direct visualization and histopathology. 
Thoracic radiographs are also indicated. Symptoms of lower 
respiratory disease may be masked when a patient has concur¬ 
rent, and more severe, upper respiratory symptoms. Evaluation 
for aspiration pneumonia, metastases, or suggestion of a motility 
disorder (i.e,, meg a esophagus) is possible. 

Ultrasonography and computed tomography (CT) 
noninvasive modalities to evaluate the pharynx and larynx. 
Ultrasonography can identify soft tissue masses, help guide 
fine needle aspiration, and evaluate laryngeal function, 910 The 
presence of air in these areas can limit the usefulness of this 
modality in establishing a definitive diagnosis, CT may be used 
to fully evaluate involvement of neoplasia or middle-ear disease 
if a nasopharyngeal polyp is suspected. 11 

Videofluoroscopy is essential for any case of dysphagia. 
A barium swallow allows the act of swallowing to be recorded 
and studied for abnormalities. The patient should be recorded 
attempting to swallow barium to mimic liquids and then 
should be given a meal (canned food mixed with barium) to 
be recorded. Videofluoroscopy is superior to radiography 
because it allows all phases of deglutition to be evaluated 
instead of recording one moment (intermittent moments) of 

the event. Unfortunately videofluoroscopy is limited to referral 
centers only. 

Pharyngoscopy and Laryngoscopy 

Laryngoscopy and pharyngoscopy allow assessment of both 
structural abnormalities and function of the larynx. A flexible 
endoscope is used for these procedures because visualization 
of the nasopharynx requires retroflexion. Occasionally a foreign 
body will be found just caudal to the larynx and may be retrieved 
endoscopically. The patient is placed in sternal recumbency 
and anesthetized with either propofol or sodium thiopental. 
Once anesthetized, gauze is passed under the maxilla behind the 
canine teeth.The gauze is used to elevate the head, so external 


asso- 


HISTORY AND PHYSICAL EXAMINATION 


Animals with diseases of the throat can have a variety of 
historical complaints. Pharyngeal diseases can be confusing 
because historical findings can be related to swallowing diffi¬ 
culties or the upper respiratory tract (URT). Historical findings 
secondary to laryngeal dysfunction are usually related to either 
inability to regulate airflow and protect the airway, or they 
are related to changes in vocalization. Respiratory' sounds can 
be extremely useful in localizing the disease, whether it is 
pharyngeal or laryngeal, but they are not helpful if one tries 
to attribute a specific respiratory sound to a specific condition. 
Coughing, dyspnea, and nasal discharge are common clinical 
complaints. Stertor, a snoring sound heard on inspiration, is 
usually due to an intermittent obstruction such as an elongated 
soft palate. Stridor, an inspiratory high-pitch wheeze, is most 
commonly associated with laryngeal lesions. Stridor is created 
by air turbulence through a narrowed laryngeal opening. Any 
changes in vocalization would suggest a laryngeal disorder. 
Reverse sneezing, which is described as short periods of forceful 
inspiratory nasal effort with the head pulled back, indicates 
irritation to the dorsal nasopharyngeal mucosa.® Dysphagia 
cases can be confusing because ineffective swallowing may not 
be obvious to the owner and may not be the primary historical 
complaint. Other signs such as coughing, gagging, regurgitation, 
and nasal discharge may be reported in animals with either 
oropharyngeal dysphagia or other diseases of the throat. 

A complete physical examination (including 


are 


neurologic 

examination) is important w r hen evaluating animals with pha¬ 
ryngeal or laryngeal disease because dysfunction may be indica¬ 
tive of systemic disease (i.e + , myopathy, neuropathy) or there 
may be secondary complications from the disorder (e.g., aspira¬ 
tion pneumonia). If laryngeal disease is suspected, the larynx 
should be palpated for pain or structural abnormalities. 
The area over the larynx should be ausculted for abnormal 
sounds secondary to turbulence. Pari of this complete physical 
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compression of the neck is avoided. Flexible endoscopy is 
ideal to evaluate the nasopharynx. If that is not possible, the 
caudal pharynx can he evaluated using a dental mirror and a 
snook hook. This will be sufficient in evaluating most 
nasopharyngeal polyps, masses, or caudal foreign bodies. It will 
not allow' diagnosis of more rostral diseases such as nasopha- 
ryngeal stenosis. Laryngeal function is usually evaluated first 
by assessing the motion of the arytenoid cartilages. The tradi¬ 
tional approach involves titrating anesthesia that allows both 
visualization of the arytenoid cartilages and deep spontaneous 
breaths to occur. In a normal animal the arytenoid cartilages 
will abduct symmetrically with each inspiration and close 
expiration., The frustration with this technique is multiple. 
Maintaining the correct level of anesthesia is difficult (i.e., the 
animal is too awake to allow adequate visualization of the 
arytenoid cartilages or anesthetized so that the patient will not 
spontaneously breathe); shallow' breathing can limit adequate 
assessment; and concerns about the effect of anesthesia 
laryngeal function are legitimate concerns when performing 
the traditional laryngeal examination. The recently introduced 
technique attempts to eliminate the effects of anesthesia from 
the examination. Patients are premedicated with acepromazine 
maleate and hutorphanol tartrate and induced with propofol. 
Doxapram hydrochloride (2,2 mg/kg intravenously) is used 
to increase laryngeal motion and minimize or eliminate the 
effects of anesthesia. 1 ’ 

Miscellaneous 

Hematology and biochemical profiles should be performed on 
patients with pharyngeal and laryngeal dysfunction, hut they 
will rarely confirm the definitive diagnosis. Occasionally virus 
isolation (feline calictvims [FCV]) and PCR (feline herpes-1 
virus [FHV-1], Chlamydia spp., and Mycoplasma spp.) 
indicated in the diagnostic workup. Culture and sensitivity of 
tissue or secretions can provide valuable information during 
the diagnostic workup. Cytology and histopathology are also 
essential for critically evaluating infiltrative disease 
lesions. 


usually attempted The high rate of reoccurrence with this 
disease (33%) has led to the suggestion that ventral bulla 
osteotomy should be performed on all cats with nasopharyn¬ 
geal polyps. 11 Nasopharyngeal polyps are considered a disease 
of cats, but a case of a nasopharyngeal polyp in a dog has been 
reported, 1 " 5 

Nasopharyngeal Stenosis 

Nasopharyngeal stenosis is primarily a disease of cats hut has 
been reported in a dog. 2(5 21 It is a rare disease that is charac¬ 
terized by scar tissue that forms a membrane or "webbing" 
above the soft palate and obstructs airflow through the 
nasopharynx. Cats are believed to develop nasopharyngeal 
stenosis as a consequence of healing from injuries to the area 
(infectious, traumatic). Cats with the nasopharyngeal stenosis 
have chronic histories of stertorous breathing and open-mouth 
breathing. 21122 Diagnosis is made using flexible endoscopy to 
evaluate the nasopharynx and visualizing a pinhole-sized 
orifice where the caudal nares should be seen (Figures 211-1 
and 211-2). Treatment of nasopharyngeal stenosis involves 
surgical resection of the lesion, but the prognosis should 
guarded because the webbing may reoccur, 2123 Balloon dila¬ 
tion of the stenotic area has been proposed as a successful 
alternative to surgery. 

Pharyngeal Foreign Bodies 

Foreign bodies can occur in both dogs and cats and creates 
both acute and chronic pharyngeal disease, 2 *' 27 Grass awns, 
fish hooks, and bones are all possible, but wood sticks are the 
most common penetrating foreign bodies, 2 *- 27 Medium and 
large breed dogs are affected more often with oropharyngeal 
penetrating injuries, presumptively because of their stick- 
chewing or retrieving behavior Clinical signs of acute disease 
include pawing at the mouth or face, hypersalivation, oral pain 
and malodor, dysphagia, and dyspnea. Cervical or facial swellings 
combined with intermittently draining tracts were more com¬ 
monly seen with chronic pharyngeal foreign bodies. Pharyngeal 
and retropharyngeal ahscessation is a common complication 
secondary' to bones, grass awns, sticks, pins, or needles. Dogs with 
pharyngeal or retropharyngeal abscesses will exhibit anorexia, 
pharyngeal pain, swelling, and w r ill be febrile. 1 Although 
osteomyelitis and quadriparesis are possible complications to 
penetrating stick foreign bodies.-In contrast, nasopharyn¬ 
geal foreign bodies are more likely to create inflammation and 
nasal discharge. Migration of nasopharyngeal foreign bodies 
does not occur. Diagnosis of pharyngeal foreign bodies is 
difficult and frequently frustrating. Radiographs are helpful if 
the foreign body is radiopaque; however, if it is radiolucent 
the foreign body will remain elusive. Endoscopy is helpful in 
locating a foreign body, and if the foreign body penetrated the 
pharynx, endoscopy can localize the traumatized area, Aggressive 
search and retrieval of penetrating pharyngeal foreign bodies 
is important early in the course of the problem. If the foreign 
body is not successfully removed in its entirety during the acute 
stage, the prognosis decreases dramatically. 2 * 

Pharyngeal Mucoceles 

A mucocele is a collection of saliva from a damaged salivary 
gland or duct. Synonyms include sialocele, ranula, or salivary 
cyst. Mucoceles are not true cysts because they are lined with 
granulation tissue and not the characteristic epithelial tissue* 
The cause of mucoceles is unknown, although traumatic 
causes such as dog bites and choke collars have been pur¬ 
posed* Pharyngeal mucoceles are the least common type of 
mucocele, with sublingual and cervical being more common. 
Regardless, pharyngeal mucoceles are clinically important 
because most animals with pharyngeal mucoceles present in 
respiratory distress. Dogs are more affected than cats, and 
miniature poodles appear to be at increased risk of developing 
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Nasopharyngeal Polyps 

Nasopharyngeal polyps are histopathologically benign, pedun¬ 
culated masses consisting mostly of fibrovascu 1 ar tissue and 
variable severity of inflammatory cells. n It is the most 
nasopharyngeal disease of younger cats and accounts for almost 
one third of all feline nasopharyngeal diseases* 14 No 
breed predilection exists; although nasopharyngeal polyps are 
most commonly found in younger cats (mean range 0.4 months 
to 6.1 years), this disease should also be included in the dif¬ 
ferential diagnosis for older cats. 1417 Nasopharyngeal polyps 
are believed to originate from the middle ear or auditory tube 
and then expand into the nasopharynx and external auditory 
canal. I> It is unknown w r hy nasopharyngeal polyps occur, but 
it does not seem likely that the polyps are a manifestation of 
chronic viral (FCV or FHV) infections, 1 Clinical signs 
able but include nasal discharge, sneeze, stertor, and phonation 
changes. Definitive diagnosis is made by direct visualization 
of the nasopharyngeal mass and histopathology. Quite often, 
nasopharyngeal polyps can he discovered with digital palpa¬ 
tion of the soft palate. Diagnostic imaging (skull radiographs 
and CT) is not necessary for the diagnosis but can provide 
valuable information toward the extent of the mass and pos¬ 
sible middle ear involvement. Treatment depends on clinical 
presentation and extent of disease. If evidence of concurrent 
middle ear involvement is seen, a ventral bulla osteotomy is indi¬ 
cated. If the disease appears to be limited to the n asopharynx, 
then traction avulsion to remove the polyp at its stalk is 
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Figure 211-1 Norma! nasopharynx* 


pharyngeal mucoceles. 31,12 Due to the patient's respiratory 
compromise, it is important to establish a patent airway either 
via tracheal intubation or tracheostomy prior to examination. 
Diagnosis requires visualization of soft, nonpainFul, fluctuant 
mass in the pharynx. Fine needle aspirate of the mass will 


reveal a thick, tenacious fluid that is characteristic of saliva. 
Drainage of fluid is important in the acute management of 
pharyngeal mucoceles, but surgical correction via marsupial- 
ization and resection of the associated salivary' glands will 
need to be pursued at a later date. 


n 


Figure 211-2 Nasopharyngeal stenosis in 
young cat with a history of progressive stertor 
and open-mouth breathing. 
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SOFT PALATE ABNORMALITIES 


this problem, it is hoped that addressing the way intake of 
food and water occurs (i.e., elevation) will decrease the severity 
of reflux into the nasal cavity. 

In contrast, brachycephalic breeds can suffer from soft 
palate excess. Stenotic nares and everted laryngeal saccules 
are the other components of the upper airway obstructive syn¬ 
drome known as the brachycephalic syndrome. English bull¬ 
dogs, pugs, Shih Tzus, Lhasa apsos, and Himalayan cats are all 
breeds that suffer from brachycephalic syndrome.** Hypoplasia 
of the trachea, especially in the English bulldog, may also be 
present. 41 Normally the caudal edge of the soft palate should 
just touch the tip of the epiglottis. Because maxillae are short¬ 
ened in brachycephalic breeds, the caudal edge extends 
beyond the tip of the epiglottis. During exercise the soft 
palate will he sucked into the glottis, reducing the diameter of 
the airway. Over time this will cause trauma and tissue edema 
that will further hinder airflow. Clinical signs associated with 
an obstructing elongated soft palate include stertorous breath- 
ing, gagging, coughing, and exercise intolerance or collapse. 
Diagnosis is based on oral examination and direct visualiza¬ 
tion of a soft palate that extends beyond the tip of the epiglot¬ 
tis, Treatment involves shortening the length of the soft palate, 
either with conventional techniques or carbon dioxide laser. 

Neoplasia 

Oral tumors (which include pharyngeal neoplasia) are the 
fourth most common neoplasia in dogs, Oral neoplasms occur 
2.6 times more frequently in dogs than in cats, and males are 
more likely to develop oropharyngeal neoplasia than females. 
The three most common oral tumors in the dog are malignant 
melanoma, squamous cell carcinoma, and fibrosarcoma, 4 * 5 
Squamous cell carcinoma and fibrosarcoma are the two most 
common oral tumors in the cat. If the feline naso 


1 m 


The palate is an important anatomic structure because it 
divides the oral and nasal cavities. Abnormalities of the palate 
result from incomplete closure of the primary or secondary 
palate (or both) during fetal development. The primary palate 
develops into the lip and incisive bone. 3 - The secondary 
palate becomes the hard and soft palate. Cleft palate and soft 
palate hypoplasia are two of many palatine defects that have 
been described. Brachycephalic breeds have a higher inci¬ 
dence of cleft palate. Many factors have been implicated in 
these abnormalities, but inherited traits seem to be found in 

Shih Tzus, bulldogs, pointers, Swiss sheepdogs, and Brittany 
spaniels, 134 Teratogens (e.g,, vitamin A, griseofulvin) have also 
been shown to cause palate abnormalities. 35 * Midline soft 
palate defects are most common with unilateral or bilateral 
defects occurring less frequently. Neonates with a cleft palate 
usually fail to thrive because the defect makes nursing diffi¬ 
cult, allows milk to enter the nasal passages, or 
rated into the lower airways. If the neonate is able to survive, 
chronic rhinitis is the most common clinical sign. Diagnosis is 
based on oral examination of the soft palate. A cleft palate will 
have a midline defect usually involving both the hard and soft 
palate. Soft palate hypoplasia reveals a severely shortened 
length, with a midline remnant of muscular tissue covered by 
m ucosa (Figure 211 -3 ), Ani mal $ with soft palate defects 
should also be evaluated for middle ear disease because con¬ 
current middle ear disease has been identified as a potential 
complication, 3 'Treatment of both types of soft palate defects 
involves surgical correction, A variety of techniques have been 
described to correct midline defects, with good results. 
Correction of soft palate hypoplasia has a poor prognosis due 
to the absence of adequate tissue for repair. In animals with 
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Figure 211-3 Soft palate hypoplasia in a young adult dog with a history of chronic nasal discharge. 

































































CHAPTER 211 


* Diseases of the Throat 


1201 


specifically evaluated tor neoplasia, lymphosarcoma is the most 
common tumor diagnosed. M Most tumors of the oral cavity are 
malignant, highly locally invasive, and have a variable degree of 
metastasis. 45 4t > Clinical signs include inappetence or anorexia 
due to pain, dysphagia, halitosis, ptyalism, and facial deformity 
(swelling, exophthalmos, or bony thickening). Cats with 
pharyngeal lymphosarcoma will have nasal discharge, sneezing, 
stertor, or phonation changes. Diagnosis of an oropharyngeal 
tumor includes a histologic diagnosis and tumor staging. Direct 
visualization during an oral examination (and endoscopy for 
nasopharyngeal tumors) is performed prior to obtaining a tissue 
sample for cytology and liistopa the logy. Thoracic radiographs 
are part of the staging, as is either skull radiographs or CT. 
Regional lymph nodes should be aspirated to determine 
metastasis. Treatment options include surgery, radiation therapy, 
hyperthermia, chemotherapy, and photodynamic therapy. 
Treatment protocol depends on tumor type and location, but 
local control is most effective with surgery and radiation 
therapy, 4 ' Prognosis is variable, based on a number of factors. 


coughing, and aspiration pneumonia will occur secondary to 
nasopharyngeal or laryngotracheal aspiration. Diagnosis of 
oropharyngeal dysphagia requires multiple areas to be evalu¬ 
ated. Accurate historical information is imperative to differ¬ 
entiate regurgitation from vomiting. It is rare that an owner 
will recognize the difference until the history and examination 
occurs. A standardized questionnaire has been evaluated as a 
sensitive tool to detect oropharyngeal dysphagia. 53 Observing 
the animal eating and drinking is also extremely helpful. The 
physical examination should include a thorough oral examina¬ 
tion to evaluate for structural abnormalities and foreign bodies. 
A complete neurologic examination is also critical during the 
evaluation of oropharyngeal dysphagia. Radiographs of the area 
can identify radiopaque foreign bodies or masses. Thoracic 
radiographs can determine if the animal has aspiration pneu¬ 
monia secondary to the dysphagia. Vidcofluoroscopy is an excel¬ 
lent diagnostic tool to localize the dysphagia. 54 Other possible 
diagnostics could include ANA test, evaluation for acetyl¬ 
choline receptor antibodies, endocrine screening, electromyo¬ 
graphy, or biopsy for histopathology. 

Causes of dysphagia include anatomic abnormalities, 
neoplasia, foreign bodies, or neuromuscular disorders. Brain 
stem tumors can also cause dysphagia, but it is usually not the 
only clinical or physical examination finding. The most common 
neuromuscular disorder is myasthenia gravis, a disease of altered 
neuromuscular transmission secondary to autoantibodies against 
acetylcholine receptors, Akitas, Scottish terriers, German short- 
haired pointers, Chihuahuas, and Abyssinians are all breeds 
identified at increased risk for acquired myasthenia gravis* 
Manifestations of myasthenia gravis may either be focal 
(pharyngeal or esophageal) or generalized (generalized mus¬ 
cular weakness or collapse]* Oropharyngeal dysphagia can be 
one clinical sign of many that is associated with myopathies. 
Bouvier des Flanders have been identified with a muscular 
dystrophy in which oropharyngeal dysphagia is the primary 
clinical sign, 57 Cricopharyngeal achalasia can be acquired as 
a polymyopathy, or it can be congenital. Cricopharyngeal 
achalasia is the failure of the upper esophageal sphincter to 
relax and allow a food bolus into the proximal esophagus. 
Cocker spaniels are at increased risk for congenital cricopharyn¬ 
geal achalasia, but any breed can be affected*^ It is important to 
differentiate between congenital and acquired disease, because 
cricopharyngeal myotomy is indicated in congenital disease 
but should be avoided with acquired disease. Treatment of 
oropharyngeal dysphagia should be based on the underlying 
disease process. If possible, the underlying cause should be 
removed; if that is not possible, providing a means of adequate 
nutrition should be pursued. 
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Tonsillitis and Pharyngitis 

When discussing tonsillitis, one is referring to the palatine 
tonsil. Tlie palatine tonsil is found within the palatine fossa 
in the lateral wall of the oropharynx. It is rare for either tonsil¬ 
litis or pharyngitis to occur as a primary disease. It is much 
more common for the tonsils and the pharynx to he inflamed 
secondary to other diseases. Clinical signs are not specific for 
either the tonsils or pharynx but will support oropharyngeal 
disease. Inappetence or anorexia, ptyalism, and oral pain are 
all common clinical findings. Diagnosis is based on history 
and physical examination findings. Fever is common when 
infectious agents are involved. Acute tonsillitis will reveal 
bright-red, friable tonsils on oral examination. It is not unusual 
for tonsils at this stage to be enlarged and protruding from 
the palatine fossa. Occasionally the tonsils will have petechiae 
or small abscesses. The pharynx of acute pharyngitis will be 
visibly inflamed and can have ulcerations, petechiae, or small 
abscesses. Bacterial or viral isolation is usually not indicated 
unless clinical signs are chronic or relapsing. The most common 
causes of tonsillitis and pharyngitis is upper respiratory infec¬ 
tion. FHV-1 and FCV are the two most common feline viral 
pathogens, FCV is more likely to 
FHV-l. 4a ‘ 4<i 
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cause ulcerations than 
Canine infectious tracheohroachitis (ITB) will 
occasionally cause problems, although it is more likely to cause 
laryngitis Bo rdetella b ranch iseptica has caused URT disease in 
cats as well, 50 Other possibilities include chronic vomiting or 
regurgitation, periodontitis, and ingestion of caustic or toxic 
substances (e.g., cleaning detergents, liquid potpourri). 
Rarely, bacterial infection will be incriminated as the cause 
Cats can also develop a progressive, nonspecific inflammatory 
condition termed gingivitis-stomatitis-pharyngitis complex. 
Young purebred cats are predisposed to the disease, and the 
most severely affected cats develop ulceroproliterative lesions 
in the caudal oropharynx. 5 - Treatment of pharyngitis or tonsil¬ 
litis is directed toward eliminating the underlying cause, if pos¬ 
sible. as well as supportive care and antibiotics, if indicated. 
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Laryngeal Paralysis 

Laryngeal paralysis is a common cause of upper airway 
obstruction in dogs. Cats can be diagnosed as well, but it is 
not a common cause of upper airway obstruction for the 
species. 5 -'Laryngeal paralysis results when the arytenoid carti¬ 
lage fails to abduct during inspiration, leading to narrowing of 
the glottic lumen. Several causes of laryngeal paralysis have 
been identified, but it is most often idiopathic Most acquired 
idiopathic cases 
recurrent laryngeal nerve from trauma, infiltrative disease, 
masses, or surgical manipulation {e.g., feline thyroidectomy) 
can lead to laryngeal paralysis. 5 ^ Polyneuropathies secondary to 
immune-mediated disease, hypothyroidism, or other systemic 
disorders can be observed primarily as laryngeal paralysis. 
Congenital laryngeal paralysis does occur but is uncommon. 
A hereditary form has been described in Bouvier des Flanders 


Oropharyngeal Dysphagia 

Dysphagia refers to abnormal or difficulty swallowing. 
Oropharyngeal dysphagia indicates an inability to move a bolus 
from the oral cavity into the proximal esophagus. This symp¬ 
tom can be either secondary to an isolated lesion or manifesta¬ 
tion of systemic disease. Clinical signs are variable, depending 
on severity and location of the problem* Signs include diffi¬ 
culty with prehension, dropping food from mouth, exagger¬ 
ated head movements during eating, regurgitation with no 
correlation in time oi eating, and repeated attempts to swallow 
food. Occasionally, respiratory signs such as nasal discharge, 


older, large breed dogs* Damage to the 
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and is presumed in Siberian huskies and husky 
breeds* 3 -® In Bouvier des Flanders an autosomal-dominant 
trait causing a loss of motor neurons in the nucleus ambiguus 
has been identified.® A laryngeal paralysis-polyneuropathy 
complex has been described in young dalmatians and 
rottweilers. 6 ^ 65 

Clinical signs are usually progressive because the ability of 
the arytenoid cartilage to abduct fails. Clinical signs of laryn¬ 
geal paralysis include stridor, exercise intolerance, coughing, 
gagging, and voice change. Animals with laryngeal paralysis 
can present in respiratory distress, especially after an episode 
of excitement, exercising, and when environmental tempera¬ 
tures are elevated. Moderate airway obstruction is worsened 
by laryngeal edema and inflammation secondary to turbulent 
airflow in the larynx* Although ultrasound has been described 
as a diagnostic tool for laryngeal paralysis, most clinicians will 
use laryngoscopy to definitively diagnose laryngeal paralysis.* 
Laryngeal function is assessed when the animal is under a light 
plane of anesthesia. Paralysis may be unilateral or bilateral, 
although most animals with moderate to severe clinical signs 
have bilateral dysfunction of the arytenoid cartilages. It is 
important not to be fooled by paradoxic movement of the 
arytenoid cartilages. Paradoxic movement indicates opposite 
movement (i.e., medially) by the arytenoid cartilages when 
negative pressure occurs during inspiration. A thorough ora! 
examination should be performed during the same anesthetic 
episode to identify any underlying causes. Once laryngeal 
paralysis has been diagnosed a complete neurologic examina¬ 
tion that includes pharyngeal and esophageal function should 
occur to evaluate for concurrent or underlying problems. 
Thoracic radiographs are indicated to identify aspiration pneu¬ 
monia or metastatic disease. When the animal presents in respi¬ 
ratory crisis, stabilization includes sedation and establishing 
airway. This is accomplished by either tracheal intubation 
tracheotomy Short-acting corticosteroids are helpful if signifi¬ 
cant laryngeal edema exists. Once stabilized, surgery is indi¬ 
cated to alleviate the upper airway obstruction caused by 
laryngeal paralysis. Multiple surgical techniques have been 
described to palliate the clinical signs associated with laryn¬ 
geal paralysis. The current surgical technique of choice is 
unilateral arytenoid lateralization, a technique that attempts 
to increase the area of the rima glottidis. 66 This procedure has 
been shown to have the most favorable outcome compared with 
other possible surgical techniques such as bilateral arytenoid 
lateralization and partial laryngectomy.' 17 Postoperative 
plications include aspiration pneumonia, laryngeal webbing, 
surgical failure, and respiratory distress. Postoperative compli¬ 
cations are common, and death can occur* In one retrospective 
study, 34.3% of dogs had postoperative complications and the 
mortality rate was 19.3%.® In the same study, prognosis was 
poor if the dog had concurrent neurologic disease. Limited 
information exists regarding surgical outcome in cats. The sur¬ 
gical technique used was unilateral arytenoid lateralization. 
Postoperative complications included laryngeal edema that 
necessitated a temporary tracheotomy tube and an altered 
ability to vocalize. All cats survived. 

Laryngeal Neoplasia 

Primary neoplasms of the canine and feline larynx occur uncom¬ 
monly. The most common canine laryngeal tumors reported are 
malignant epithelial tumors and rhabdomyoma. The most 
common laryngeal tumor in the cat is lymphosarcoma, with 
squamous cell carcinoma the second most common* 

Most patients with laryngeal tumors are older, with 8 years as 
the median age.^ Other report tumor types are adenocarci¬ 
noma, rhabdomyosarcoma, osteosarcoma, chondrosarcoma, 
mast cell tumor, and melanoma. m6 *' 71 Clinical signs are similar 
regardless of tumor type and include dysphonia, coughing, 
gagging or choking, and respiratory distress. Occasionally an 
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Figure 211-4 Laryngeal neoplasia in a geriatric dog, causing 
complete obstruction of glottis. 
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abnormal larynx can be palpated, but most laryngeal tumors are 

identified by laryngoscopy (Figure 211-4). Radiographs, CTs, 

and ultrasound all have diagnostic value in determination of 
extent of disease and potential metastasis. 10 Definitive diagnosis 
should be made by histopathology; caution should be used 
when diagnosis is based on gross appearance alone. This is espe¬ 
cially true with feline tumors because granulomatous disease 
h as been reported. Th erapy is based on tumor type but, in gen¬ 
eral, surgical resection and creating an unobstructed airway are 
goals. Complete laryngectomy and permanent tracheostomy 
are options with variable success. 72 ' 75 Cats with severe respira¬ 
tory compromise secondary to laryngeal lymphosarcoma will 
respond well to radiation therapy. The prognosis of benign 
tumors is good if complete resection is successful; malignant 
laryngeal neoplasms have a poor prognosis. 

Laryngeal Collapse 

Brachycephalic dogs are at increased risk to develop laryngeal 
collapse secondary to their congenital airway malformations. 
Stenotic nares; elongated soft palate, and if present, a hypoplastic 
trachea, create an increased negative pressure during inspiration 
to move air through the narrowed air passages. It is believed 
that laryngeal cartilages become deformed from this chronic 
increased negative pressure and wiU finally weaken and collapse. 
Finding that older brachycephalic dogs will often have laryngeal 
collapse when presenting for upper airway disease support 
this theory. However young brachycephalic dogs are also diag¬ 
nosed with laryngeal collapse, which may indicate a defect in 
cartilage structure. 4 Dogs with laryngeal collapse will experi¬ 
ence stridor, episodes of respiratory distress, and a respiratory 
crisis due to upper airway obstruction. Determination of laryn¬ 
geal collapse is possible with laryngoscopy. The comiculate and 
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cuneiform processes of the arytenoid cartilage will he medially 
displaced and occasionally will touch. In severe cases these 
processes will overlap, and the epiglottis will appear to be rolled 
up or flattened, 4 No specific treatment has been effective for 
laryngeal collapse. Surgical treatment should be directed toward 
altering the underlying congenital abnormality (i.e., stenotic 
nares correction, soft palate resection, everted laryngeal saccule 
excision) to improve airflow. In cases of severe laryngeal collapse, 
permanent tracheostomy is recommended, 
severe laryngeal collapse have a poor prognosis. 75. 


the severity of the cough but should not be used if pneumonia 
is suspected. Other causes of inflammatory laryngeal disease 
include endotracheal intubation, insect bites, foreign body 
penetration, or trauma from bite wounds, leash and choke 
chain injuries, or being hit by cars. Frequently no cause for 
acute laryngeal inflammation is found. Acute inflammatory 
laryngeal disease is usually self-limiting, and no specific treat¬ 
ment is indicated if the animal has only mild signs. However, 
if moderate to severe signs exist, a short course with an anti¬ 
inflammatory dose of glucocorticosteroids can be initiated to 
decrease laryngeal edema. Respiratory obstruction secondary 
to laryngeal inflammation is an uncommon clinical presenta¬ 
tion but can occur in severe instances such as in laryngeal 
trauma. A tracheostomy is indicated if the patient is dyspneic, 
cyanotic, or extremely anxious due to laryngeal inflammation. 
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LARYNGITIS 


Inflammatory laryngeal disease is common in both the dog 

and the cat. The most common cause of acute inflammation 
of the larynx is infectious agents such as canine infectious tra¬ 
cheobronchitis (TTB), commonly called kennel cough, or the 

feline upper respiratory agents [Le 
result of coinfection of BordeteUa \ 

canine parainfluenza virus or canine adenovirus-2 (CAV-2), 
With most cases of ITB, the only clinical sign is paroxysmal 
coughing in an otherwise healthy dog. Due to inflammation 
of the larynx the cough is a loud, high-pitched, goose 
honk" cough. Occasionally a dog may be febrile, lethargic, 
and inappetent. ITB is usually self-limiting, but the severity 
of the cough, combined with the possibility of pneumonia 
complicating the disease, warrants treatment. Doxy eye line 
at 5 to 10 mg/kg orally once daily is the antimicrobial of 
choice for B, bronchiseptica. Short-term administration of an 
anti-inflammatory dose of glucocorticoids can be effective in 
decreasing laryngeal edema. Antitussives, such as butorphanol 
tartrate or hydrocodone bitartrate, are effective in minimizing 
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OBSTRUCTIVE INFLAMMATORY DISEASE 


FHV-1, FCV). 1TB is a 

bronchiseptica with either 
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An obstructive inflammatory laryngeal disease has been 
described in cats and dogs, 
worth noting because the gross appearance can mimic laryn¬ 
geal neoplasia. The underlying cause of inflammation is 
unknown. Feline immunodeficiency virus (FIV) and feline 
leukemia virus (FeLV) have not been found to be associated 
with this disease. In the feline reports, dyspnea secondary to 
upper airway obstruction was reported in all cats; retching, 
coughing, and dysphonia were also common. Stridor and 

dysphonia was reported in dogs. Direct visualization of the 
larynx reveals a laryngeal mass that cannot be distinguished 
from neoplasia or severe swelling and edema (Figures 211-5 
and 211-6). Histopathology is imperative to distinguish 
between neoplasia and obstructive inflammatory disease. 
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Although rare, it is a disease 
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Figure 211-5 Normal feline larynx during inspiration, 
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Histopathology reveals either granulomatous or nongranulo¬ 
matous laryngitis (neutrophilic and lymphoplasrnacytic). 
Mcjst patients with obstructive inflammatory laryngeal disease 
need to be stabilized. This is accomplished by establishing an 
airway through tracheostomy tube placement. Treatment with 
corticosteroids (dexamethasone, prednisone, or prednisolone) 
has variable success, and occasionally surgical resection of the 
proliferative tissue is indicated. The prognosis is guarded, with 
a high mortality rate during the initial diagnostic and treat¬ 


ment period. 


Figure 211-6 Middle-aged cat presented in respiratory distress. 
Laryngeal examination revealed bilateral arytenoid 
Biopsy revealed pyogranulomatous inflammation. 
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CHAPTER 212 


Clinical Evaluation of the Respiratory Tract 


Deborah Silverstein 
Kenneth). Drobatz 


espiratory diseases can be extremely challenging to 
manage and diagnose. The respiratory system is one of 
the four major body systems that require evaluation and 
treatment on an emergency basis. Respiratory dysfunction can 
result in severe physiologic compromise and imminent death 
if not dealt with appropriately. The respiratory workup is 
often dictated by the patient's condition, rather than th 
venience of the clinician and the client* In patients with 
respiratory compromise, a tentative diagnosis and preliminary 
therapeutic plan must be guided by signalment, history, physical 
examination findings, and response to therapy pending stabiliza¬ 
tion for more definitive diagnostics (see Pulmonary Emergencies 
in Critical Care chapter). It is rare that a definitive diagnosis for 
the underlying cause of the respiratory problem is found using 
the signalment, history, physical examination, and response to 
therapy alone. Ancillary diagnostics are almost always required. 


It is also important to determine the vaccination status of 
the animal. Similarly Is the pet in a heartworm endemic area 
and, if so, is the animal on an appropriate heartworm preven* 
tative plan? Are there other pets in the environment that this 
animal has been exposed to? Multiple animals with similar 
clinical signs points toward an environmental cause such 
infectious disease or a toxin. Similarly is the owner or anyone in 
the family having medical problems that might suggest a 
zoonotic disease (e.g., trichosporonosis, rickettsial or fungal 
diseases, leishmania)? 

Does the patient have any known hypersensitivities to 
dietary allergens or medications? Both are diagnostically and 
therapeutic important. What is the previous medical history 
of the patient? Has the animal had previous respiratory 
problems? If so, did the clinical signs improve? Has there 
been a history of trauma suggesting diaphragmatic hernia 
pneumothorax? 


R 


as an 


e con- 
severe 


ever 


or 


SIGNALMENT 


PHYSICAL EXAMINATION 


Th e anim a! s signalment can provide direction for the diagnostic 
workup of the respiratory patient. For example, pediatric 
juvenile patients are more likely to contract infectious condi¬ 
tions, An im als with inherited pulm on ary disorders tend to 
ifest signs at an early age and certain breeds are predisposed to 
specific respiratory abnormalities. Feline asthma is noted 
frequently in Siamese cats compared with other breeds. 
Brachycepha lie breeds, p a rticul arly bul Id ogs, m ay h a ve hypoplas¬ 
tic tracheas and upper airway conditions that result in respiratory 
difficulties. Respiratory distress due to heart failure is noted 
frequently in male than female cats. Signalment provides clues to 
the underlying disorder but never provides a definitive diagnosis. 


A complete physical examination is essential (see Chapter 1), 
In animals with severe respiratory compromise, the physical 
examination may point towards a tentative diagnosis from 
which empirical therapy can be chosen to stabilize the patient 
(see Approach to Respiratory Distress), Clinical signs 
bined with physical examination findings provide the initial 
steps in guiding the diagnostic workup. 

Animals with nasal disorders commonly have clinical signs 
such as sneezing, nasal discharge, loud nasal respiratory sounds 
and, rarely, open mouth breathing secondary to occlusion of 
the nasal passages. Pure nasal disorders rarely 
respiratory distress, although some cats are reluctant to breathe 
through the mouth to relieve the obstruction. Palpation 
the nasal cavities may reveal pain, asymmetry, or distortion of 
the nasal cavity due to destructive or proliferative diseases. 
Examination of the oral cavity may reveal bony abnormalities, 
severe dental disease, or abnormalities of the hard and soft 
palate that contribute to, or cause, the nasal disorder. Purulent 
nasal discharge may be due to primary or, more often, 
ondary bacterial infections. Unilateral discharge suggests tooth 
root abscess, cyst or hematoma, oronasal fistula, foreign body, 
or neoplasia. Bilateral discharge occurs secondarily to neopla¬ 
sia, infectious agents, or any disease process that is caudal to 
the nasal septum. Epistaxis is due to any of the aforementioned 
causes of purulent nasal discharge, although severe bleeding 
is relatively rare with these conditions. Causes of epistaxis 
that are not due to primary respiratory abnormalities include 
thrombocytopenia, thrombocytopathia, coagulopathy, erosive 
immune-mediated diseases, or, rarely, hypertension. Definitive 
diagnosis of the underlying nasal disease is rarely derived from 
clinical signs and physical examination findings alone. Further 
diagnostics are typically required. 

Upper and large airway disease (pharynx, larynx, and trachea) 
typically manifest as stridor and stertor that is audible without 


or 


m a n- 


more 


com¬ 


mote 


cause severe 


over 


GENERAL MEDICAL HISTORY 


A thorough history can provide important clues to the under¬ 
lying respiratory problem. Questions regarding how long the 
owners have had the pet are important. For example, have 

they had the pet since it was a puppy or kitten, or did they 
obtain the animal when it was an adult? Obviously, owners 
that obtained their pet as a puppy or kitten will have a more 
comprehensive life history compared with owners that obtained 
a pet at a more advanced age. What is the travel history of the 
pet? This may assist in determining clinical suspicion for 
infectious or parasitic respiratory disease. 

Establishing a clear picture of the pet's environment gives 
the veterinarian a sense of potential exposure to toxins 
infectious diseases that might cause pulmonary problems. 
Animals that are allowed to run free or are unobserved can 
potentially be exposed to anything, such as anticoagulant 
rodenticide, forest fire, or house fire smoke. Was there a recent 
change in a living environment that is coincident with the devel¬ 
opment of the respiratory signs? Cats may develop airway 
hypersensitivity reactions to antigens in a new environment. 


or 
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the stethoscope. Localization of the respiratory disease to the 
upper or large airways does not preclude disease in other parts 
of the respiratory systems but does warrant specific evaluation 
of the upper airways and trachea. Extra thoracic dynamic airway 
disease typically has louder sounds during inspiration, whereas 
intrathoracic dynamic lesions tend to be louder during exhala¬ 
tion. However, distinguishing the diseased anatomic location 
in the clinical patient with respiratory distress is often chal¬ 
lenging. Auscultation over the specific location of the lesion 
reveals the most dramatic of sounds. Pharyngeal diseases include 
abscess, cyst or hematoma, cellulitis, neoplasia, foreign body, 
nasopharyngeal polyp, and enlarged lymph nodes. Direct visu¬ 
alization during physical examination or under general anesthe¬ 
sia usually localizes the problem. Palpation of the pharyngeal 
area may reveal swelling, pain, or asymmetry, indicating that the 
pharyngeal region is at least part of the disease process. 

Laryngeal disease typically manifests as inspiratory stridor, 
voice change, coughing while drinking water, exercise intoler¬ 
ance, and an exacerbation of the clinical signs during exercise or 
periods of high environmental temperature. The most common 
laryngeal diseases include laryngeal paralysis, neoplasia, edema, 
and inflammation. 

Tracheal disease is typically manifested as stridor and cough¬ 
ing, especially with exercise or excitement* A cough is easily 
elicited upon tracheal palpation when the trachea is inflamed. 
Respiratory compromise may vary from mild to severe. Distress 
may be more severe during inspiration, expiration, or both, 
depending upon whether the lesion is extra thoracic, intratho¬ 
racic, or both, respectively. The most common tracheal abnor¬ 
malities include infectious tracheobronchitis (kennel cough), 
tra cheal coll apse, n eoplasi a, foreign body, tra uni a, and parasites. 

Small airway and alveolar disease can be particularly chal¬ 
lenging to diagnose. Physical manifestations of diseases in this 
portion of the respiratory tract include varying degrees of res¬ 
piratory distress, coughing, and increased breath or adventitial 
sounds such as crackles or wheezes upon auscultation. Location 
of the increased breath or adventitial sounds may help in 
identifying the underlying disease process. Adventitial sounds 
heard loudest over the cranio ventral or right middle lung lobe 
regions are suggestive of aspiration pneumonia. An increase 
in breath or adventitial sounds over the thorax in dogs with 

auscultable heart abnormalities is supportive of cardiogenic 
pulmonary edema. Auscultation abnormalities heard loudest 
over the caudodorsal regions of the lungs in animals with head 
trauma, electrocution, seizures, or upper airway obstruction 
may indicate neurogenic pulmonary edema. Diffuse, fine 
crackles throughout the thorax in a dog without significant 
signs of respiratory distress suggests chronic or slow onset of 
pulmonary parenchymal disease such as pulmonary fibrosis or 
metastatic neoplasia. Other lower airway and pulmonary 
parenchymal diseases include pulmonary thromboembolism, 
pulmonary contusions, pulmonary hemorrhage, acute respira¬ 
tory distress syndrome (ARDS), heartworm disease, pulmonary 
infiltrates with eosinophilia, allergic bronchitis, feline bronchial 
disease, near drowning, smoke inhalation, re-expansion pul¬ 
monary edema, and inhalation of toxins. 

Pleural space disease is caused by fluid, air, soft tissue, or 
abdominal organs in the pleural space. Patients with pleural 
space disorders commonly exhibit a short, shallow 7 breathing 
pattern, tachypnea, and intermittent attempts at a deep respi¬ 
ration (especially in cats with pleura! effusion). Decreased 
breath sounds of the thorax are ausculted. Diminished breath 
sounds in the ventral regions of the thorax are suggestive of 
fluid, whereas a dorsal distribution suggests air accumulation. 
Most pleural effusions and pneumothoraces are bilateral in dogs 
and cats, although unilateral fluid or air accumulation may 
occur. Diaphragmatic rupture often results in an asymmetry of 
auscultation findings. Diminished breath sounds are typically 


noted on the side where the abdominal contents are located, 
and loud heart and lung sounds are commonly heard on the 
opposite side. Rarely, a diaphragmatic hernia may result in 
substantial fluid accumulation on both sides of the chest, 
especially when the liver is present in the pleural space. 

A complete, thorough physical examination should be per¬ 
formed even though the primary clinical signs are associated 
with the respiratory tract. It is rare that primary respiratory 
problems result in problems elsewhere in the body, but the 
reverse is not uncommon. Findings in other areas may provide 
clues as to the underlying cause of the respiratory disease or at 
least guide the diagnostic evaluation. Weight loss or cachexia 
suggests more chronic systemic disease, such as neoplasia that 
has metastasized to the lungs and resulted in respiratory diffi¬ 
culty. Additionally, the presence of masses elsewhere in the 
body might indicate a primary neoplastic process. Diseases 
that cause an acute abdomen commonly result in secondary 
respiratory diseases such as aspiration pneumonia or an acute 
respiratory distress (ARDS)-like condition subsequent to a 
severe inflammatory disease process. Petechiation or evidence 
of an abnormality of hemostasis elsewhere in the body might 
suggest pulmonary parenchymal hemorrhage or hemorrhagic 
pleural effusion as the cause of the respiratory distress. 

In summary, signalment, previous medical history, clinical 
signs, and physical examination findings provide a solid foun¬ 
dation to further develop a diagnostic plan. There are numer¬ 
ous diagnostic modalities available to further evaluate 
respiratory function and identify specific disease processes in 

order to accurately and most effectively treat these patients. 


DIAGNOSTIC TECHNIQUES 






The diagnostic approach to the animal with respiratory 
disease largely depends on the patient's history, signalment, 
physical examination findings, cardiopulmonary stability, and 
the expected diagnostic yield versus risk of a given diagnostic 
test. It remains important to take into account the sensiti¬ 
vity and specificity of any test performed when interpreting 

the results. A general algorithm is displayed in Figure 212-1. 










LABORATORY DIAGNOSTICS 


Hematologic and biochemical profiles are important in the 
assessment of an animal's health status and evaluation of 
non respiratory diseases that may have a substantial effect 
on the respiratory system, such as acidemia, anemia, or 
endocrinopathies. Chronic hypoxia stimulates the release of 
erythropoietin from the kidneys, which results in an increased 
red blood cell turnover and subsequent polycythemia. Anemia 
leads to a decrease in total oxygen content, which increases 
respiratory effort and rate. Leukocytosis with a left shift with 
moderate to severe airway inflammation, infection, or neopla¬ 
sia, and leukopenia occurs with acute bacterial bronchopneu¬ 
monia or sepsis. Parasitic airway disease, asthma, bronchitis, or 
pulmonary infiltration with eosinophilia (PIE) commonly 
cause an elevated peripheral eosinophil count, and a basophilia 
is frequently seen in animals with Dirofilaria immitus or PIE. 
Hypercalcemia may be associated with a neoplastic or fungal 
disease process. Hypoalbuminemia may be seen in animals 
with pleura] effusion (cause or effect), and systemic illness or 
multi pie-organ dysfunction can lead to ARDS, Hemorrhagic 
infiltrates or effusions may occur secondary to severe throm¬ 
bocytopenia, thrombocytopathia, or coagulopathies. 

Animals with no obvious cause of respiratory distress should 
be examined for other systemic diseases that may predispose 
to pulmonary thromboembolism (PTE). Underlying diseases 
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most useful in assessing these structures; however, tracheal 
displacement may be more visible on a ventrodorsal view. 
Both inspiratory and expiratory views are helpful in assess¬ 
ment of dynamic changes in airway diameter. Radiographs 
may assist in the identification of pharyngeal, laryngeal or tra¬ 
cheal disease due to radiopaque foreign bodies or soft tissue 

(abscesses, polyps, neoplasms, granulation tissue), 
anatomic displacement due to mass lesions, tracheal narrow¬ 
ing or hypoplasia, or tracheal collapse, 5 Tracheal displacement 
secondary to mass lesions, soft tissue masses, hypoplasia, and 
invagination of the dorsal tracheal membrane are commonly 
seen in older symptomatic or asymptomatic dogs with chronic 
coughing, but rarely in cats. Cervical emphysema or pneumo¬ 
mediastinum following endotracheal intubation or trauma in 

cats is readily diagnosed with cervical radiography. 4 

Survey thoracic radiographs are commonly used in the diag¬ 
nostic evaluation of dogs and cats with respiratory disease. 6 
There are fewer breed-related and age-related changes seen in 
the feline thorax compared with the canine thorax. 4 6 A tech¬ 
nique chart should be made to avoid over- or under-diagnosis 
of pulmonary disease when thoracic radiographs are viewed. 
In addition, a lateral and dorsoventral or ventrodorsal radiograph 
should comprise the minimum thoracic study. Three views 
(including both laterals) are commonly taken when looking for 
metastatic pulmonary disease or unilateral disease, although 
this practice has been questioned. 7 In cats, the use of high-detail 
x-ray intensifying screens may help in the identification of small 

airway disease. 

The chest wall, diaphragm, pleural space, mediastinum, air¬ 
ways, and pulmonary parenchyma should be assessed. The 
thoracic wall should be evaluated for evidence of trauma (rib 
sternal fractures), soft tissue masses, lytic, and/or sclerotic 


ight include hyperadrenocorticism, diabetes mellitus, 
immune-media ted anemia or thrombocytopenia, protein losing 
nephropathy or enteropathy, or pancreatitis. Coagulation profiles, 
platelet counts, blood smear analysis, fibrin and fibrinogen degra- 
dati on products, D-dimer assays, antithrombin 111 measurements, 
and/or thromboelastography (TEG) may be useful in the diag¬ 
nosis of disseminated intravascular coagulation that might lead 

to PTE or pulmonary hemorrhage. 

There are many serologic tests available for the identification 

of viral diseases, mycoses, and allergens. Specific infectious 

the animal’s environment, travel 


rm 


masses 


disease testing will depend on 

history, and lifestyle. Feline leukemia virus and feline immuno¬ 
deficiency virus infection commonly leads to secondary oppor¬ 
tunistic infections. Additional infectious causes of respiratory 
disease in the dog or cat that may require further diagnostics 
include viral diseases (canine distemper, canine parainfluenza, 
canine adenovirus-2, herpevirus, feline rhinotracheitis, feline 
calicivirus), bacterial diseases (e g., BordeteUa bmnchiseptica , 
streptococci, Escherichia coli , Klebsiella , Fasfewrella, eugoic 
fermenter-4, mycobacteria, Yersinia spp. r Pseudomonas mallei , 
Mycoplasma spp,, Bacteroides spp., Clostridium perjringens , 
fusobacteria, Peptostreptococcus spp.), parasitic or protozoal 
diseases (e.g., Dtrofilria tmmitur, Paragonimus kellicotti, Capillaria 
aerophita, Aelurostrongylus abstrusus, Toxoplasma spp., 
Acanthamoeba spp.), fungal infections (e.g., Blastomyces, 
Histoplasma t Cryptococcus, Coccidiodes, Aspergillus , and 
Penicidium spp.), or rickettsial diseases (e.g., Rtcfeeftria rickettsii , 
Ehrlichia cants). Bacterial and fungal cultures, serologic testing, 
cytologic examination, electron microscopy, immunocytology 
and immunohistoehemistry, immunoblotting, and/or poly¬ 
merase-chain reaction amplification may be required for a 
definitive diagnosis of infectious diseases. 5 Heartworm disease 
in the cat may require echocardiography in addition to anti¬ 
body and antigen testing. 2 Fecal studies should be performed 
in animals with suspected parasitic pneumonia. A zinc sulfate 
fecal flotation, including several drops of sediment, is indicated 
to identify Paragonimus keUicotii or Capillaria aerophila ova, 
and a Baermann technique should be used to identify 
Aelurostrongylus abstrusus larvae. 




or 




processes. 0 

Diaphragmatic abnormalities such as loss of the diaphrag¬ 
matic silhouette or changes in the shape and position of the 
diaphragm are assessed in evaluation of thoracic radiographs. 
The diaphragmatic position and shape varies with the respira¬ 
tory cyde, species and breed, conformation, coexisting diseases, 
and body fat content. Changes in the shape of the diaphragm 
due to thoracic masses or lung disease adjacent to the 
diaphragm, diaphragmatic hernias, gastroesophageal intussus¬ 
ception, diaphragmatic masses, and chronic pleural inflamma¬ 
tory conditions. Cranial displacement of the diaphragm occurs 
secondary to abdominal disease, generalized diaphragmatic 
paralysis, or muscular dystrophy and caudal displacement 
occurs secondary to severe respiratory disease or pleural space 
disease. Decreased visualization of the diaphragmatic line, the 

presence 

of abdominal or thoracic structures, pleural fluid, and diver¬ 
gence of the diaphragmatic crura or cranial angulation of the 
diaphragm might indicate a diaphragmatic hernia or diaphrag¬ 
matic defect. Additional diagnostics that might be performed 
to confirm a diaphragmatic hernia include an upper gastroin¬ 
testinal barium contrast study, horizontal beam radiographs, 
ultrasonography, positive contrast celiography, portography, 
cholecystography, angiocardiography, angiography, and non- 
selective cardiography, computed tomography, or magnetic 

imaging.9- 10 Radiographs of animals with a perito- 

neopericardial diaphragmatic hernias also display an enlarged, 
round cardiac silhouette, abdominal organs within the peri¬ 
cardial sac, confluent silhouette between the diaphragm and 
heart, and an indistinguishable border of the ventral thoracic 
diaphragmatic surface and the caudal ventral cardiac silhou¬ 
ette. A dorsal mesothelial remnant between the heart and the 
diaphragm on the lateral view in normal cats is commonly 

seen. 
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DIAGNOSTIC IMAGING 


Radiography 

Radiography remains an essential tool in the diagnostic approach 
to respiratory tract disease. Serial radiographic studies serve 
important method of monitoring a patient's respiratory dis¬ 
and response to therapy. Proper radiographic technique is 
critical when viewing the nasal cavity or chest cavity owing to 
the nature of the fine nasal turbinates and air-tissue interface 

in the lungs, respectively. 

Nasal radiography is typically used to evaluate animals 
with clinical signs of sneezing, nasal discharge, or upper airway 
obstruction. Morphologic changes in the air passages, turbinates, 
and frontal sinuses may be confirmed and the extent of the 
lesions defined. Nasal radiography does require anesthesia in 
order to obtain proper positioning and avoid motion artifact. 
Three views should be taken to assess the nasal cavity and 
frontal sinuses; a lateral, frontal, and open-mouth ventrodorsal, 
intraoral dorsoventral view. It is important to look for sym¬ 
metry', obliteration of air spaces between the nasal turbinates 
or frontal sinuses suggestive of fluid or swelling, destruction 
of nasal turbinates indicating a neoplastic or severe, chronic 
inflammatory process, or destructi o n/de form ati on of proximal 
facial structures which is commonly due to neoplasia 
Cryptococcus spp. 

Radiography of the neck and extrathoratic airway is indicated 
in dogs or cats with inspiratory stridor or stertor, gagging, 
coughing, and/or recent voice change Lateral radiographs are 
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of abdominal viscera within the thorax, displacement 


resonance 


or 


or 


10 


The presence of fluid, air, or soft tissue within the pleural 
should be identified with thoracic radiography. As little 
100 mL of pleural fluid is detectable in a medium-sized dog 
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using standard thoracic radiographic views, A lateral and erect 
ventrodorsal view enables the detection of as little as 50 mL 

15-kg animal, 11 Removal of fluid or air prior to 
taking radiographs will help stabilize the animal and will 
improve the radiographic visualization of the lung fields, heart, 
and mediastinum. Radiographic changes associated with pleura! 
effusion include blurring at the cardiac silhouette, interlobar 
fissure lines, rounding of the lung margins at the costophrenic 
angles, widening of the mediastinum, separation of the lung 
borders from the thoracic waif and scalloping of the lung margins 

at the sternal border 12 Hemothorax, pyothorax, chyloth- 

transudative effusions may be present. Cytology, cultures, and 
fluid analysis are necessary to classify the effusion (see Pleural 
and Extrapleural Diseases). 

Radiographic changes associated with pneumothorax include 
dorsal displacement of the heart on the lateral view, retraction 
of the lung from the chest wall, and an increased density of 
the collapsed lung lobes. Potential causes might include chest 
wall trauma, an esophageal perforation leading to severe pneu¬ 
momediastinum, or rupture of the trachea or lung (commonly 
secondary to infection, bulla, neoplasia, or positive pressure 

ventilation}, 12 

The mediastinum should be evaluated radiographically for 

evidence of a mediastinal shift 
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Differential Diagnoses for the Various Lung 
Patterns Seen on Thoracic Radiographs 




of fluid in 


a 


Bronchial Pattern 

Chronic bronchitis (irritant, allergic, parasitic) 
Calcification 

Peribronchial cuffing (edema, bronchopneumonia, 
pulmonary infiltrates with eosinophiIia) 


orax, or 


Interstitial Pattern 

Nodular 


Neoplasia 

Granuloma (eosinophilic* fungal, parasitic or 
hea rtworm-a ssoc i ated, fore i gn body) 

Bulla with fluid 
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Hematoma, abscess, cyst : 

B , B B • BJB 1 ■ ■ M ' ■ B B ■ 

Mucus-filled bronchus 
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Hazy and unstructured 
Diffuse 


, masses, lymph adenopathy, fluid, 
pneumomediastinum. Mediastinal shifts and mediastinal 
masses are most readily seen on ventrodorsal or dorsoventral 
radiographs. If mediastinal fluid is suspected, horizontal beam 
radiographs and ultrasonography may yield further diagnostic 
information. Pneumomediastinum is best appreciated on lat¬ 
eral films of the chest, and pneumomediastinum may lead to 

subcutaneous emphysema, pneumoretroperitoneum, and/or 

pneumothorax in severe cases. Potential causes of pneumo¬ 
mediastinum include alveolar rupture, perforation of the trachea 

or esophagus, extension of gas in the neck or retroperitoneal 
space, or a gas-producing organism within the mediastinum, 13 
The cardiac silhouette and pulmonary vasculature should also 
be assessed since left atrial enlargement leading to compres¬ 
sion of the left mainstem bronchus, pleural effusion, and/or 
pulmonary edema commonly leads to respiratory impairment. 
The pulmonary artery may be prominent in animals with 
PTE, pulmonary hypertension, or heartwarm disease. 14 

Evaluation of the lungs in animals with respiratory disease 
may reveal an increase in opacity, hyperlucency, and/or pul¬ 
monary mass lesions. It is important to assess the distribution 
of pulmonary abnormalities in conjunction with clinical signs. 
An increase in opacity of the lung is further separated into 
three categories of radiographic patterns: bronchiolar, intersti¬ 
tial, and alveolar. Differential diagnoses for the various lung 
patterns can be found in Box 21 2-T Cats may prove more 
challenging to diagnose since the pattern and distribution of 
lung abnormalities are often not as reliable as with dogs. For 
example, the distribution of pulmonary infiltrates in cats with 
cardiogenic pulmonary edema is often patchy and asymmet¬ 
ric, rather than peri hilar, and cats with pneumonia often do 
not have cranioventral distribution and alveolar 


or 


Artifact (underexposure, obesity, end-expiratory film) 
Degenerative changes ( w old dog lung") 
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rcoma, metastasis) 
inhalant, metabolic, viral, parasitic) 
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Acute respiratory distress syndrome 


s such os edema, 


neumonia 




Localized 




PTE §§§ 




jan 


Partial atelectasis : 
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Transitional stages of disease such as edema, 
bronchopneumonia, hemorrhage, or parasites 
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Alveolar Pattern 

Diffuse 
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Edema (cardiogenic or non-cardiogenic) 

Bronchopneumonia 

Hemorrhage 

Smoke inhalation 

Near-drowning ' T 

ActAe respiratory distress syndrome 
Localized 
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Edema 

Bronchopneumonia 

Hemorrhage 

Primary lung tumor or metastasis 

Lobar collapse or atelectasis 

Heartworm disease 
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Infarct 


patterns, as 

seen in dogs [Figure 212-2}. 4 Pulmonary hyperlucency might he 
seen secondary to overexposure, hypovolemia, hyperinflation, 
PTE, cavitary masses, bronchiectasis, or areas of pulmonary 
parenchymal dissolution (emphysema, pneumatocoele, bulla). 
Neoplasia is the most common cause of solitary or mulrifocal 
mass lesions in the lungs, although abscess, granuloma, 
fluid-filled structures cannot be ruled out. 15 

fluoroscopy allows for real-time imaging of the thoracic 
structures. The motion studies obtained are often helpful in 
evaluation of the animal with tracheal collapse. The animal i 
placed in lateral recumbency and the trachea and bronchi 
examined during both quiet respiration and induced coughing. 
Coughing is induced by gentle digital palpation of the trachea 

the thoracic inlet. A videotape of the fluoroscopic study 


or 


is useful for reviewing the airway changes in slow motion and 
diagnosing subtle dynamic airway disease. 

Bronchography creates an outline of the mucosal surfaces of 
the trachea and bronchi using radiopaque contrast material. 1617 
Since bronchoscopy is now widely available, this diagnostic 
test is rarely used. The current use 
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Figure 212*2 A lateral (A) and ventrodorsal (B) chest radiograph in a puppy with aspiration 
pneumonia. Cranioventral air bronchograms are evident. 








consolidation, masses, atelectasis, or torsion, as well as pleural 
or mediastinal abnormalities, may be detected using ultra¬ 
sound Ultrasound guided aspirates or biopsies are readily 
obtained using real-time visualization of the needle entering 
the tissue or fluid lesion. 23 ’ 25 Potential risks include bleeding, 
iatrogenic pneumothorax, or the introduction of infectious 
agents during the procedure. Using ultrasound, it may be easier 
to distinguish pleural or pulmonary opacities seen on radio¬ 
graphs or better visualize peripheral, pulmonary lesions that 
may be obscured by pleural effusion. In dyspneic patients 
ultrasound is easily performed with the animal in sternal recum¬ 
bency and may be better tolerated than radiographs. However, 
ultrasound is unable to allow visualization of lesions within 
an aerated lung since air impedes the transmission of sound. 
Ultrasound is operator-dependant and requires an experienced 
user for good results. 

Nuclear Imaging 

Nuclear scintigraphy is performed by the administration of a 
radioactive nuclide to the patient and detection of the energy 
from the radionuclides as they decay, with use of a camera 
that records the results to a computer monitor or photographic 
film > m27 Technetium 99m p^Tcj is the most common nuclide 
utilized. If pulmonary mineralization is suspected, bone-seeking 
radiopharmaceuticals can also be used. 2s (see Chapter UK)}. 

Nuclear scintigraphy is most commonly utilized with lung 
disease in small animals to evaluate pulmonary perfusion in 
animals with suspected pulmonary thromboemboli or vascular 
anomalies. 27 3 i It is relatively specific and sensitive for this 

purpose in dogs. 32 The radioactive particles are given intra¬ 
venously and go through the pulmonary arteries, where they 
are trapped in the capillary bed. A normal animal shows 
uniform radioactivity throughout the lung fields. Vascular 
occlusion secondary to pulmonary emboli appears as deficient 
radioactive areas or photopenic defects on the perfusion scan. 


limited to the evaluation of the severity and distribution of 
severe bronchiectasis prior to considering a lobectomy or pul- 
monectomy. Bronchography is typically performed under 
heavy sedation or anesthesia using fluoroscopic guidance to 
place a catheter through the endotracheal tube and into the 
pulmonary areas of interest. Contrast material such as Dionosil 
sterile barium sulfate is injected and allowed to distribute 
during patient respiration. Fluoroscopic imaging and/or thoracic 
radiographs are then obtained. Potential complications (rare' 
include allergic reactions to the contrast, bronchospasm, reten¬ 
tion of contrast in the small airways, or chemical pneumonitis. 

Pulmonary angiography is useful for the detection of vascular 
anomalies (congenital or acquired} and pulmonary thromboem¬ 
bolism. Pulmonary angiography is performed by injecting 
iodinated contrast intravascularly in order to opadfy the pul¬ 
monary arteries and veins. Selective pulmonary angiography is 
superior to nonselective angiography but does require injection 
of a medium-density, non ionic contrast material into a catheter 
in the pulmonary artery or a branch thereof. With nonselective 
angiography, the contrast material is injected into the jugular 
or cephalic vein and films are taken at a speed of 1 to 2 per 
second or a fluoroscopic recording is made for both procedures 
i up to 5 to 30 seconds with severe vascular obstruction or car¬ 
diac dysfunction}. 18 Potential complications include vascular 
injury, thrombosis secondary to injury, embolization of air, blood 
clots* or catheter material, infections associated with unsterile 
techniques, cardiac arrythmias due to endocardial stimulation 
from the catheter, or immune reactions to the contrast agent 
(including asystole and death) 

Ultrasonography 

Ultrasonography can be useful in animals with nasopharyn¬ 
geal soft tissue or fluid-filled masses. 20 Ultrasound has also 
been used to assist in the diagnosis of tracheal collapse and 
laryngeal paralysis in dogs. 212 - Identification of pulmonary 
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be indicated to evaluate the lungs when thoracic radiographs 
are normal, but there is clinical suspicion of pulmonary disease* 
in animals that have abnormalities present on radiographs that 
require further clarification (he-, prior to surgical interven¬ 
tion), or to assist in cancer staging and monitoring changes. 
Metastatic nodules are more easily detected using CT than 
radiography, and newer technologies such as spiral CT and high- 
resolution CT have made CT imaging faster and more diagnos¬ 
tically useful 47 50 57450 

High-resolution CT has excellent spatial resolution and is 
able to demonstrate pulmonary structures that are only 300 p, 
as well as monitor changes in airway and vascular diameter 
in vivo following various stimuli, revealing differences that may 
not be detectable with spirometry. It has been used in dogs to 
measure changes in airway diameter and assess the function of 
pulmonary vessels and airways. 61 " 63 

Helical or spiral CT utilizes a "slip-ring 1 ' technique and 

high-energy x-ray tubes that allow the tube and detector to 

continuously circle the patient, taking pictures as the patient is 

transported through the scanner. It takes approximately 1 second 

for the scanner to complete a single rotation so that 20- to 30-cm 

organs can be scanned in under 30 seconds, much more quickly 

than conventional CT methods,* 4 This eliminates the motion 

and artifacts secondary to inconsistent lung inflation from 

one slice to the next, a current problem with conventional CT 
scanners. 65 

Spiral CT angiography enables scanning to occur simulta¬ 
neously with maximum contrast medium opacification, which 
obviates the need for selective catheterization. This is especially 
beneficial in animals since catheterization requires general anes¬ 
thesia, a potentially risky procedures in dyspneic animals with 
suspected PTE, Spiral CT angiography has been studied in 

humans to discover filling defects within the pulmonary arteries 
secondary to emboli, even in the face of underlying pulmonary 
disease (Figure 212-4)JAcute and chronic emboli may be 
differentiated by their appearance. 71 The clinical usefulness of 
CT angiography in small animals remains to be determined but 
may be preferable to nuclear scintigraphy due to its superior 
diagnostic accuracy and speed 67 ^ The procedure has been used 
experimentally to effectively diagnose pulmonary thromboem¬ 
bolism in dogs and clinically in dogs with metastatic pulmonary 
lesions. 72 ' 3 The detection of pulmonary meta stases has shown 
limited success. 73 




Figure 212-3 A ventilation-perfusion scan in a dog with a pul¬ 
monary thromboembolism. Normal % r entilation is seen on the left 
(K armw) , and a perfusion defi dt is present on the right (Q, armw) , 


r lhe specificity of diagnosing ventibrion/perfusion inequalities 

is increased if the nuclear scan is combined with a ventilation 

scan, 33 

The ventilation scan is performed using ^ m Tc-labeled 
diethylenetriamine pentaacetk acid, which is delivered via a 
nebulizer to the patient. 27 - 33 The radioactive aerosol is dis¬ 
tributed in the air spaces, and areas of defidem radioactivity 
indicate poorly ventilated locations. A simultaneous ventila¬ 
tion and perfusion scan (Figure 212-3} enables the calculation 
of the ventilation;perfusion ratio (normal is 1:1), However, 
results are dependent on blood flow and ventilation differ¬ 
ences in various parts of the lung and are difficult to interpret 
in the face of pulmonary interstitial lung disease. 

Positron emission tomography (PET) is another noninva- 
sive nuclear imaging technique that uses radioactive positrons 
to assess the chemical and physiological changes related to 
metabolism in a spedfic organ, 34 PET has been used in human 
medicine to diagnose and stage lung masses, monitor the size 
and activity of cancerous lesions* diagnose pulmonary throm¬ 
boembolism, and assess changes in vascular permeability. 35 - 36 
This technology is not often available for use in veterinary 
* medicine but has been used experimentally in dogs to 

lung water, pulmonary vascular permeability, regional pulmonary 
blood flow, degree of lung injury, and regional pulmonary 

function. 37 " 45 

Alternative Imaging 

Computed tomography (CT) and magnetic resonance imag¬ 
ing (MRI) are useful to detect or monitor nasopharyngeal, 
tracheal, or thoradc cavity lesions, assess the involvement of 
surrounding structures, and determine anatomic relationships. 
This imaging modality requires general anesthesia but may 
provide more valuable information regarding the pathogenesis, 
extent, and changes of many disease states. 46 - 55 

Computed tomography (CT) utilizes a 360-degree x-ray 
beam to create a three-dimensional, computer-processed cross- 
sectional image of body tissues or organs. The CT scanner 
acquires images incrementally, at a rate that varies with the type 
of machine and settings. The speed of the image acquisition is 
especially important when viewing the lung, since respiratory 
and cardiac motion will interfere with image quality. Most 
conventional CT machines have dynamic modes that acquire 
8 to 12 scans per minute, although this rate is still incapable 
of obtaining suspended respiratory images, CT scans produce 
images with superior density discrimination that are free of 
superimposition from overlapping thoradc structures when 
compared with radiographs.- 56 CT scanning is therefore the 
preferred tool for pulmonary imaging in people and is often 
used to differentiate pleural, extrapleural, or mediastinal tissues, 
to better visualize the lungs when pleural effusion makes 
radiographic evaluation of the lungs difficult, A CT scan may 


measure 


Figure 212-4 Spiral CT angiography in a dog with pulmonary 
thromboemboli. The arrows point to the filling defects within the 
pulmonary artery. (Courtesy Tobias Schwarz and Steve Cole.) 
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for examination of laryngeal function. The routine adminis- 
tration of doxapram prior to evaluation has been studied and 
recommended to increase intrinsic laryngeal function and aid 
the diagnosis of laryngeal disease in dogs,* 1 The arytenoid 
cartilage and vocal folds should abduct symmetrically during 
inspiration and relax during exh alation. The correlation of move¬ 
ment of these structures during the respiratory cyde should be 

examined. 78 

Th e pharynx is th e crossroads of the respiratory and digestive 
tracts and consists of the nasopharynx, oropharynx, and laryiv 
gopharynx. ff a flexible endoscope is used, retroflex nasopbaryn- 
goscopy will enable superior visualization, with or without 
biopsy sampling of the nasopharynx. Respiratory signs that 
might warrant pharyngoscopy include dyspnea, coughing after 
swallowing, oro nasal reflux of liquid or food, open-mouth 
breathing, or stertorous breathing. Dysphagia, retching, gagging, 
and inappetancc may also be present in animals with pharyngeal 
disorders, A standard intubating laryngoscope allows adequate 
visualization of the pharynx, although an endoscope may he 
used if further scoping is to follow. Prior to anesthesia in animals 
with the above clinical signs, cervical and thoracic radiographs, 
a thorough neurologic examination, and/or a esophagram 
with fluoroscopy may be indicated. Propofol or thiobarbitu- 
rates should be used and examination of the pharynx is per¬ 
formed prior to intubation. The soft palate, tonsils and 
tonsillar crypts, palatopharyngeal arches, and lateral pharyn¬ 
geal wall should he carefully examined. 

Rhinoscopy is most commonly used in animals with chronic 
nasal disease, although more emergent cases may benefit as well 
(nasal foreign body retrieval, nasal parasite detection, and 
evaluation of epistaxis in animals with normal coagulation 
parameters). 78 Rhinoscopy has proven to be a useful tool in 
the animal with nasal disease, having a diagnostic success rate 
of 83% when performed by an experienced endoscopist and 

used in conjunction with rhinoscopy-assisted biopsy. 82 
Rhinoscopy greatly decreases the morbidity and mortality 
associated with surgical rhinotomy when used to visualize the 
nasal passages and obtain biopsy samples. A surgical plane of 
anesthesia is required for rhinoscopy since the nasal mucosa is 
extremely sensitive (prior administration of topical anesthetic 
may be beneficial as well}. An otoscopic speculum may be 
used to visualize the proximal 2 cm of the nasal passages in 
most animals. Since a majority of neoplastic and mycotic dis¬ 
eases are in the caudal half of the nasal cavity, this method has 
limited diagnostic usefulness, in order to perform rhinoscopy, 
a rigid arthroscope, flexible or rigid cystourethroscope, or flex¬ 
ible pediatric bronchoscope is used. Width, length, and flushing/ 
biopsy port availability makes the various scopes more or less 

desirable for specific situations. 

Bronchoscopy may be useful In animals with suspected 

lower airway disease. Clinical signs that may indicate the need 
for a bronchoscopic examination include chronic coughing, 
hemoptysis, unexplained pulmonary infiltrates on thoracic 
radiographs, and the suspicion of an airway mass or foreign 
body. Bronchoscopy allows visual inspection of the airways 
and the collection of samples from the respiratory tract. 
Bronchoscopy may be used therapeutically for the removal of 
foreign bodies, resolution of mucus plugs, and removal of 
copious secretions or blood J^ 84 Diagnostically, bronchoscopy 
allows the clinician to visualize, lavage, brush, and/or biopsy the 

In animals with intraluminal tracheal tumors, hroncho- 


MRI is based on the principles of nuclear magnetic reso¬ 
nance, a spectroscopic technique that reveals chemical and phys¬ 
ical characteristics of the examined tissues using the absorption 
and emission of energy in the radio frequency range of the 
electromagnetic spectrum. Conventional MRI is based on the 
spin magnetism of the hydrogen nucleus and the Tact that 
water is abundant in biologic tissue. However, the air spaces in 
the lungs are challenging to image since they are porous, which 

large internal magnetic field gradients, and contain 
primarily air rather than water (which contains the hydrogen 
proton). The use of hyperpolarized (HP) noble gas (specifi¬ 
cally 3 He and l2 - J Xej has emerged over the past decade to 
circumvent this problem. The polarized or inert gas is inhaled 
by the patient and subsequently detected with the use of MRI 
in the airways of the lungs and dissolved in the proximal 
blood, 74 - 75 In addition, the use of novel paramagnetic aerosol 
ventilation and perfusion MRI imaging using gadolinium 
diethylenetriamine pentaacetic acid (Gd-DTPA) has been used 
experimentally to diagnose airway obstruction and PTE in 
dogs. 76 More recently, noncontrast, electrocar di ography (ECG) - 
gated fast-spin-echo (FSE) MRI has shown promise experi¬ 
mentally as a means of rapidly assessing dynamically altered 
regi on al lu ng perfusion or airway obstruction in dogs. 77 r Fhe MRI 
technique has also expanded to include three-dimensional 
reconstruction abilities, so the user can view surface details and 
internal structures and dissect each layer of tissue in a mock, 

approach. Two-dimensional and three-dimensional 
techniques have been developed to perform angiographic 
studies without the need for contrast agents, based on the 
knowledge that the image intensity of flowing blood is propor¬ 
tional to the velocity of the flow. Although the use HP MRI, 
vascular MRI (VMRI) or MR angiography (MRA) is limited in 

veterinary medicine, future studies may prove worthwhile. 
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Laryngoscopy allows visualization of the short cartilaginous 
lumen between the lower portion of the pharynx and the 
trachea. It is indicated in patients with suspected upper airway 
obstruction, palpable or radiographically visible mass lesions 
in the area of the larynx, or unexplained changes in vocalization. 
Clinical signs that are commonly related to laryngeal disease 
include coughing, choking while eating, cyanosis or syncope 
with-exertion, inspiratory dyspnea with stertor or stridor, and 
changes in vocalization or sound production (meow, purr, or 
bark). Laryngoscopy is useful in the diagnosis of an elongated 
soft palate, laryngeal paralysis, laryngeal edema, acute laryngitis, 
laryngeal collapse, chronic granulomatous or proliferative laryn¬ 
gitis, traumatic lesions, everted laryngeal saccules, laryngeal or 
pharyngeal foreign bodies, polyps or neoplasms of the larynx, 
and glosso-epiglottic mucosal displacement/ 8 - 7 - 1 In animals 
with severe clinical signs, stabilization with a tracheostomy or 
other bypassing maneuver might be necessary prior to examina¬ 
tion. 80 The procedure can be performed with use of a standard 
intubating laryngoscope and mouth speculum to hold the 
mouth open, although a rigid or flexible bronchoscope may be 
required if areas distal to die vocal folds or infraglottic region 
require examination. The tongue is depressed to allow adequate 
examination of the pharynx, soft palate, lingual and glottal 
surfaces of the epiglottis, arytenoid cartilages, aryepiglottic 
folds, and vocal folds. Abnormal shape, color, and/or motility 
should be noted. The soft palate should be examined and pal¬ 
pated and the nasopharynx is examined by retracting the soft 
palate rostrally with a spay hook and visualizing the area with 
a heated dental mirTor, Laryngoscopy should be performed with 
neuroleptanalgesia, if possible, rather than general anesthesia to 
prevent relaxation of die laryngeal muscles and distortion of the 
larynx. Propofol or thiobarbiturates are often recommended 


co 


airways. 

seopically guided biopsies may be obtained, 85 Bronchoscopy is 
valuable in the diagnosis and staging of tracheal collapse 
in dogs (Figure 212-5 iJ 86 87 Bronchoscopy must be performed 
under general anesthesia to prevent coughing and laryngospasm, 
Intubation may not be possible if the endotracheal tube size is 
equal to that of the bronchoscope, if the animal must be 
extubated for a bronchoscopic examination, oxygen should 
be supplied via a catheter placed in the trachea beside the 
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Potential complications include hemorrhage and inadvertent 
puncture of the cribiform plate. 

Transtracheal aspiration may be indicated in dogs with 
clinical or radiographic evidence of airway disease. It is con¬ 
traindicated in animals with severe dyspnea or coagulopathies. 
The procedure is often performed on awake or lightly sedated 
animals in sternal recumbency or a sitting position with the 
neck extended. The area over the cricothyroid membrane is 
clipped and sterilely prepared. A local anesthetic is adminis¬ 
tered subcutaneously and a relief incision is made in the 
skin over the cricothyroid membrane. A shielded catheter* 
through-a-needle or catheter-through-a-catheter (18- to 

20-gauge, 8* to 12-inch Intracath with wire stylet jugular 
catheter by Becton Dickinson, Sandy, UT, works well) system 
is used to puncture the cricothyroid membrane and the 
catheter is advanced into the distal trachea, 94 The needle is 
removed from the airway and covered. A syringe containing 
1 to 10 mL of preservative-free 0,9% saline is attached to the 
end of the catheter The saline is injected into the trachea and 
negative pressure is applied to the plunger of the syringe 
the animal is gently coup aged. If possible, the catheter is 
moved up and down the trachea during the syringe aspiration. 
Fluid injection and aspiration may need to be repeated two to 
three times. Fluid retrieved is saved for cytologic analysis and 
microbiologic testing, Potential complications include catheter 
related trauma to the lower airways, which results in hemop¬ 
tysis, coughing, and respiratory impairment or needle-related 
trauma to the laryngeal region that might cause bleeding, sub¬ 
cutaneous emphysema, pneumomediastinum, pneumothorax, 
or pneumopharynx and airway obstruction. 94 Airway samples 
from cats or very small dogs should be collected via an endo¬ 
tracheal tube using a long catheter inserted through the tube 
to infuse and aspirate fluid. 95 

Branchoalveolar lavage (BAL) may be performed with 
without bronchoscopic guidance. BAL cytology has been 
described in normal cats and dogs. 94 96 ' 101 It is indicated i 
dogs and cats with alveolar or interstitial lung disease to help 
identify neoplastic, infectious, or inflammatory diseases. 102 
Microbiologic, biochemical, and immunologic testing of the 
lavage fluid may be performed. Potential side effects 
primarily related to general anesthesia, although transient 
hypoxemia or exacerbation of respiratory insufficiency may 
develop during the BAL, In order to obtain a diagnostic sample, 
the bronchoscope is cleaned and the biopsy port flushed with 
sterile saline before advancing it into the diseased airway. The 
scope is wedged into the smallest bronchus possible and 10 to 
25 mL of warmed (37° C) n on bacteriostatic saline is instilled 
(alternatively, polyethylene tubing can be passed through the 
biopsy channel and wedged into a smaller airway). The fluid 
is removed by suction into a mucous suction trap or by band 
using a 35 mL syringe. Between 40% and 60% of the fluid 
instilled is typically retrieved, depending on the wedging of 
the bronchoscope and patency of the airway. 

At least two distant segments should be lavaged to increase 
the likelihood of disease identification. 102 A modified stomach 
technique has also been described for BAL in dogs. 103 Analysis 
should include a differential cell count on a cytocentrifuged 
sample and a culture and sensitivity if indicated. Normal cell 
counts in the dog and cat are approximately 200 to 400 cells 
per milliliter, with 65% macrophages in the cat and 83% 
macrophages m the dog. Neutrophils typically make up 5% of 
the cells in dogs and cats, lymphocytes 4% to 6%, mast cells 1% 

to 2%, and eosinophils up to 25% in the cat and 4% in the dog. 

Bronchial brushing may be performed through the bron¬ 
choscope to obtain samples of focal lesions within the airway. 
This procedure should be performed after the BAL to prevent 
blood contamination. A sterile cytology brush with a protective 
polyethylene tubing is inserted through the instrument chan¬ 
nel, placed against the bronchial wall, advanced out of the 
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Figure 212-5 Bronchoscopic visualization of tracheal collap 
in a dog. (Courtesy Candace Carter.) 
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bronchoscope, through the biopsy channel of the bronchoscope, 

or by jet ventilation through a catheter A T-shaped adaptor 

can be used in larger animals so the scope can be passed 

through the endotracheal tube while administering inhalant 
anesth esia. ^ M 
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RESPIRATORY SAMPLING TECHNIQUES 


in 


It is often necessary to obtain fluid, cells, and/or tissue from 
the respiratory tract for analysis. There are a variety of tech- 
* niques that will be discussed in order to obtain specimens 

from the upper and lower respiratory tract. 

Cytologic sampling of the upper respiratory tract can be 
challenging. Since there is a wide range of normal bacteria in 
the nasal cavity in small animals, §s bacterial cultures of nasal 
swabs are not routinely performed. If a significant nonrespon- 
sive bacteria] infection is suspected, a surgically obtained 
sample from the caudal nasal cavity may prove most useful for 
culture and sensitivity analysis, since cultures from this 
are sterile approximately 50% of the time in dogs, 89 Most 
nasal disease results in inflammation of the mucosal epithelium 
and secondary bacterial infections, which tends to obscure the 
underlying disease. In addition, the disease process may be 
focal or multifocal, rather than diffuse. Nonsurgical techniques 
for the collection of diagnostic nasal samples include superficial 
and deep nasal swabs, nasal flushing, traumatic nasal flushing, 
pinch biopsy, and core biopsy. Cryptococcus and Aspergillus spp. 
infection can be diagnosed on examination of a superficial nasal 
swab; however, these agents may be encountered occasionally 
as normal flora or colonizers of abnormal sites. Confirmation of 
the disease typically requires further testing. Serologic testing, 
tissue biopsy, or fungal isolation should be considered in cats 

chronic nasal discharge. 9091 Neutrophils commonly 
predominate in diseases such as trauma, neoplasia, infection, 

and foreign bodies, 92 whereas eosinophils may predominate in 
allergic or parasitic diseases. 93 

Biopsy collection techniques should be performed under 
general anesthesia. The patient should be intubated with 
a cuffed endotracheal tube and the caudal pharynx packed 
with gauze to prevent aspiration of blood 
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many limitations, especially in critically ill animals, which 
makes this technology less reliable than direct arterial blood 
gas analysis. 

Arterial blood gases (ABCs) are extremely useful in the 
assessment of an animals oxygenation, ventilation, and acid-base 
balance, ABGs are commonly used to quantitate the severity 
of respiratory impairment and monitor response to therapy. 
With the advent of fairly inexpensive, handheld blood gas ana¬ 
lyzers, ABGs are routinely used in many private practices. Normal 

P H=736-7,44, 


sheath, and rotated along the lesion site. A smear is made onto 
a glass slide or the brush is placed in sterile saline solution and 
swirled to release cells for cytologic analysis and culture/ 
sensitivity testing, 
common complication. 

Healthy dogs and cats have a certain percentage of bacte¬ 
ria [Pasteurella spp., Mycoplasma spp., Streptococcus spp., 
Staphylococcus spp., A ri newbacter spp., Moraxella spp., 

Emerohacter spp., Pseudomonas spp., Escherichia coli, Klebsiella 
spp,, and Bordetella bronchiseptica) isolated from samples 
taken with a sterile culture swab at the level of the lower tra¬ 
chea or cafiaa*-”* 106 Therefore the culture results must be 
interpreted in conjunction with cytologic findings. Intracellular 
bacteria and suppurative inflammation are supportive of a 
true bacterial infection. 

Biopsies may be obtained using bron chose op ic guidance 
for histopathologic evaluation of focal abnormalities or for 
electron microscopic (EM) evaluation in animals with sus¬ 
pected ciliary dyskinesia. Biopsy samples are acquired using 
the biopsy port of the bronchoscope and samples should be 
fixed in formalin for histopathology or glutaraldehyde for EM. 
The animal should be monitored for hemoptysis from biopsy- 
site hemorrhage following the procedure. 94 - 107 

Transthoracic fine-needle aspiration (FNA) or biopsy 
might be indicated in patients with a single or multifocal 
pulmonary mass lesion greater than 1 cm and easily accessible 
animals with diffuse air space or interstitial disease. 100109 
Fluoroscopic or ultrasonographic guidance is useful. 110 - 111 
Contraindications include pulmonary cysts or bullae, unco¬ 
operative patients, refractory coagulopathies, or pulmonary 
hypertension. Animals with respiratory distress, preexisting 
pneumothorax, or behavior problems are not good candidates. 
Animals with clinical evidence of an infectious process such as 
a fever, inflammatory leukogram, and lethargy may be better 
candidates for endotracheal, transtracheal, or bronchoalveolar 
lavage. 

Potential complications include pneumothorax, empyema, 
bleeding, implantation of neoplastic cells along the needle or 
biopsy tract, or death. One study revealed a 1 2% death rate 
and 5% incidence of pneumothorax following transthoracic 
FNA procedures, 112 


Mild bleeding at the site is the most 
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arterial blood gases in the dog and cat are 

Pa0 2 =90-I00 mmHg, PaC0 2 = 36-40 mmHg, HCO* 
20-24 mEq/L, and BE +/— 4 mEq/L. 

Arterial blood gas sampling is the most accurate method of 
evaluating the partial pressure of oxygen in the arterial blood. 
In dogs, arterial puncture is commonly performed using the 
dorsal metatarsal or femoral arteries, although the radial artery 
or digital palmar arteries may also be used. In cats, the femoral 
artery is typically the only easily accessible artery that is large 
enough to readily obtain an adequate sample. Preheparinized 
syringes will help prevent the sample from clotting prior to 
analysis, and the sample should be capped with material that 
is not permeable to gas to prevent air contamination and equi¬ 
libration. Following arterial puncture, direct pressure should 
be applied to the site for 3 to 5 minutes to prevent bleeding. 
Hypoxemia is defined as a Pa0 2 less than 80 mm Hg and 
possible causes include a right-to-left shunt (patent ductus 
arteriosus, ventricular septal defects, rntrapulmonary shunts 
due to atelectasis or consolidation), ventilation perfusion mis¬ 
match (due to various types of pulmonary disease), diffusion 
impairment (relatively uncommon), hypoventilation (secondary 
to anesthesia, neuromuscular disease, pleural space or chest wall 
abnormalities), or a decrease in the fraction of inspired oxygen 
(oxygen tank empty and hooked up to patient, high eleva¬ 
tions). 115 The animal's ability to oxygenate is assessed by exam¬ 
ining the Pa0 2 and determining the difference between the 
partial pressure of oxygen in the alveolar and the arterial 
blood, often referred to as the ”A-a gradient/' This equation is 
based on the knowledge that there is almost complete equili¬ 
bration of gases between the alveolar gas and the pulmonary 
capillary when alveolar ventilation and pulmonary perfusion 
(V/Q) are matched. The partial pressure of oxygen in the 
alveolus (Pa0 2 ) is calculated as follows: 
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Pa0 2 =[(PB - PH 2 0)Fi0 2 ] - PaCOj/RQ) 

where PB = barometric pressure in mm Hg, PH 2 0 - water 
vapor pressure in mm Hg, Fi0 2 = fraction of inspired oxygen, 
RQ = respiratory quotient (normally 0.8), and PaC0 2 — partial 
pressure of carbon dioxide in the alveolus in mm Hg. 

The normal alveolar to arterial difference is less than 
15 mm Hg when the patient is breathing room air. The A-a 
gradient is increased in animals with a right-to-left shunt, 
low mixed venous oxygen saturation, ventilation/perfusion 
mismatching, and diffusion impairment. Another method of 
assessing the severity of oxygenation impairment is to calcu¬ 
late the Pa0 2 : Fi0 2 ratio. Healthy people and animals have a 
ratio of 400 to 500, but a value less than 300 is suggestive of 

acute lung injury and less than 200 indicates acute respiratory 

distress syndrome in people. 1 16 

Ventilation refers to the movement of gas into and of the 
alveolus and is measured by the animal's ability to maintain 
normal arterial C0 2 levels. The carbon dioxide tension in arte¬ 
rial blood represents the balance between the production of 
C0 2 in the tissues and C0 2 excretion in the alveolus. Carbon 
dioxide excretion is dependent upon the amount of C0 2 
delivered to the alveolus, alveolar ventilation, and the amount 
of deadspace ventilation that does not contribute to gas 
exchange. If there is inadequate elimination of C0 2 in the lungs 
or excessive 0O 2 production in body tissues (less common), 
carbonic acid and hydrogen ions accumulate, resulting in a 


THORACOTOMY AND BIOPSY 


An open-chest lung biopsy may be necessary in some cases where 
other less invasive techniques are nondiagnostic or histopathol¬ 
ogy is required to confirm a diagnosis. Contraindications include 
coagulopathy or an unacceptable anesthetic candidate It requires 
greater expense, invasiveness, and risk, however it does allow 
the opportunity to visualize the lung and obtain an adequate 
sample size for a diagnosis. A standard thoracotomy is typically 
performed, although a "keyhole" technique is often effective for 
obtaining a histologic diagnosis of interstitial lung disease in 
dogs and cats . 113 The tissue sample is cultured, an impression 

analyzed, and the remainder placed in formalin for 
histopathologic evaluation. Potential complications include 
hemorrhage, pneumothorax, or secondary infections. 


smear 


PULSE OXIMETRY AND ARTERIAL BLOOD 
GAS ANALYSIS 


Pulse oximeters are commonly used to continuously and non- 
in vasively measure the oxygen saturation of hemoglobin. Pulse 
oximetry measurements can be used to determine the need 
for oxygen administration and to monitor patients that are 
receiving oxygen supplementation. A hemoglobin saturation of 
95% to 100% is normal in dogs and cats. There are, however, 




SECTION XIII * Respiratory Disease 


1216 


respiratory acidosis. Potential causes of inadequate ventilation 
include diseases of the central respiratory center, airways, 
pulmonary parenchyma, pleural space, pulmonary vasculature, 
or chest wall. Respiratory fatigue, a primary metabolic alkalosis, 
or anesthetic drugs may also lead to hypoventilation. If the prob¬ 
lem is maintained for 24 to 48 hours, the kidneys respond 
hours to days by increasing the excretion of hydrogen ions and 
retaining bicarbonateJ 14-116 

If alveolar ventilation is increased, a respiratory alkalosis will 
develop. Potential causes include hypoxemia, primary metabolic 
addosis, and central nervous system disease. Anxiety, pain, fear, 
and exdtement may also lead to hyperventilation. If the prob¬ 
lem is maintained, the kidneys will again compensate slowly by 
retaining hydrogen ions and excreting bicarbonate. 114 * 116 

In order to interpret a blood gas measurement, the pH 
should first be assessed. Determine whether the pH is normal 
or if there is a primary respiratory or metabolic cause for the 
disorder, if there is compensation for the primary disorder, or 
if there are two primary abnormalities present. 


of the inspired C0 2 or doxapram hydrochloride have been 
useAm iM When C0 2 is used adj uncti vely, an increase in the 
inspired oxygen concentration may be helpful to prevent 
hypoxic pulmonary or vascular changes. 

TBFVL from normal healthy cats and dogs with differing 
nasal anatomy have been described, hsjzuz? TBFVL have 
been used clinically in veterinary medicine to diagnose and/or 
evaluate treatment modalities in dogs with chronic obstruc¬ 
tive lung disease, laryngeal paralysis, tracheal collapse, brachy- 
cephalic syndrome, and cats with chronic lower airway 
disease, 110121 - 127134 Loops are easily obtained in most non- 
sedated, naive dogs and cats. It is contraindicated in animals 
with severe dyspnea since placement of the mask may 
erbate the animal's condition. 

The measurement of upper airway pressures can be obtained 
with use of a transcutaneously placed catheter into the trachea, 
using the same technique as described for transtracheal aspira¬ 
tion above. Using a pressure transducer, the pressure changes 
in the upper airways are readily measured. A face mask tech¬ 
nique can be used, as described for TBFVL measurements, to 
obtain the flow and volume measurements and the pressure 
transducers matched to a defined frequency. 135 The change in 
pressure is divided by the change in flow to calculate resis¬ 
tance in the upper airway, and this is easily performed using a 
mechanics analyzer and designated software analysis program. 
Normal values for upper airway resistance have been established 
in dolichocephalic and mesaticephalic dogs. 136 Measurements 
of upper airway resistance might be beneficial in diagnosing 

and quantifying airway obstruction and changes in response to 
therapy. 

Pulmonary mechanics measurements typically require gen¬ 
eral anesthesia in small animals in order to pass an esophageal 
balloon for the measurement of transpulmonary pressure, 137 
whereas flow and volume measurements are made via 
endotracheal tube. Measurements have therefore been used 
primarily in the research setting and it is important to recog¬ 
nize the potential efFects of the endotracheal tube and 
thetie agents used on measurements obtained. 138 " 146 Clinical 
evaluation may be performed using a nasoesophageal canula 
and a tight-fitting face mask 147 ’ 150 Dynamic pulmonary com¬ 
pliance is calculated as the change in lung volume divided by 
the change in transpulmonary pressure from the beginning to 
the end of inspiration. Static compliance is similarly calculated 
by measuring changes in volume and pressure during an incre¬ 
mental inflation and deflation of the lungs. 

Normal values for dynamic compliance (Cdyn) and pul¬ 
monary resistance (RL) have been measured in cats and 
dogs.^i* 1 54 Due to differences in body conformation, weight, 
age, and sex, measurements in dogs have considerable variation 
between studies. In medium-sized dogs, Cdyn may correlate 
most accurately with trunk length rather than body weight or 
chest circumference. 154 Measurement of pulmonary mechan¬ 
ics such as tidal volumes, minute ventilation, peak inspiratory 
pressure, resistance, and compliance may be helpfol in the 
mechanically ventilated patient to assist in identifying pulmonary 
parenchymal, pleural space or chest wall disorders, deciding 
when to wean the patient, monitoring changes over time and in 
response to therapy identifying, and detecting bronchospasm 
mucous plugs during ventilation. 155 * 159 Clinically, the C0 2 $M0 
(Novametrix Medical Systems Inc, Wallingford, CT) is an 
extremely useful pulmonary function monitoring device for the 
ventilated patient. However, positive pressure ventilation 
interfere with esophageal pressure measurements. 160 Additional 
techniques that might be used to assess pulmonary function in 
dogs or cats include a forced oscillation measurement, forced 
deflation techniques, whole body plethysmography or dual- 
chamber plethysmography, and static thoracic compliance using 
a pedi atric spirometer and a water man o meter. 1 S7 f i §1 - 1 64 
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PULMONARY FUNCTION TESTING 


Pulmonary function testing (PFT) is used to objectively 
functional respiratory deficits. It often serves as a valuable tool 
to provide information regarding the severity of pulmonary 
dysfunction as well as response to therapy. The information 
acquired quantifies the degree of dysfunction and is able to 
1 oca lize the site of respiratory dysfun ction. There are, however, 
a few limitations to the use of pulmonary function testing in 
small animal medicine Many animals require anesthesia in order 
to perform the testing, the equipment utilized is expensive and 
requires operational expertise, and there is a large amount of 
individual variation that makes isolated measurements in time 
less valuable in an individual animal, 117 

Since veterinary patients are not able to understand instruc¬ 
tions to perform a maximal forced exhalation, it is not possible 
to perform the noninvasive, rapid spirometric tests that 
commonly used in human medicine. Alternatively, the tidal 
breathing flow-volume loop (TBFV L) f which was originally 
developed for human infants, can be used in the unanes¬ 
thetized and untrained veterinary patient to assess and quan¬ 
tify airflow, volume, or respiratory cycle changes, 118 

To measure TBFVL, a pneumotachograph and a differen¬ 
tial pressure transducer are used in accordance with the size 
of the patient 118 ' 121 The Fleisch pneumotachograph is com¬ 
monly used in small animals. This device measures the pressure 
gradient as air follows across a resistance device The rate of 
airflow is proportional to the drop in pressure inside the instru¬ 
ment, and is plotted on the x-axis. An electronic integration of 
the instantaneous flow rate is used to determine flow, which 
is plotted on the Y-axis, generating a "flow-volume* or "F-V 
loop/ 120 Cats or dogs are allowed to sit or stand during the 
testing procedure. A tight-fitting mask is placed over the 
muzzle, including the commisure of the lips. A 1 - to 3-minute 
recording of the TBFVL waveforms is obtained once the animal 
is calm and free of extraneous movements. Computerized 
pulmonary mechanics analyzer systems are now available to 
create the F-V loops (Respiratory Loop Analysis Software, 
BUXCO Electronics, Sharon, CT) and provide fast, accurate 
data analysis. 118 ' 122 Information acquired from the flow, 
volume, and time analysis may be combined to determine time 
ratios, inspiratory to expiratory flow ratios at indicated lung vol- 
um es, flow ratios at different 1 ung volumes, or ch a n ges in volume 
during a selected period of time. 110121 In order to improve the 

diagnostic sensitivity and reproducibility of the TBFVL test, 
application of positive pressure to the external chest 
wall, negative pressure to the airway, increased concentrations 
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of detecting airway inflammation and its response to therapy. 
Preliminary data have shown that cats with a clinical diagnosis 
of asthma have increased ENO levels compared with control 
populations. (Matt Mellema, DVM, Harvard University, unpub¬ 
lished observations, personal communication,) 


ADDITIONAL DIAGNOSTICS 


Nitric oxide (NO) has been shown to play a key role in the mod¬ 
ulation of airway relaxation and responsiveness in cats. 165-168 
Exhaled nitric oxide (ENO) levels might be a noninvasive means 


Diseases of the Trachea 
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wheezing expiratory sounds, pulmonary edema, and occasion¬ 
ally cyanosis. See Chapter 53 for the clinical differentiation of 
coughing and its most commonly encountered causes and 
Chapter 54 for dyspnea and tachypnea. A thorough physical 
examination should follow a record of the history in evaluating 
patients with suspected tracheal disease. The physical exami¬ 
nation should cover all aspects of the animal with particular 
attention to the entire upper and lower respiratory tracts as 

well as the cardiovascular system. 

The neck should be palpated for evidence of surrounding 
disease such as subcutaneous emphysema, lymph adenopathies, 
abscess, cyst, neoplasia, thyroid gland enlargement, or any other 

that may involve the trachea. In most animals, except for 
the heavy or obese, the trachea can be palpated from the 
larynx to the thoracic inlet. The trachea is relatively noncol- 
lapsibte, and obvious borders or angles usually cannot he felt. 
Often a cough can be elicited with light tracheal palpation at 
the thoracic inlet when laryngeal or tracheal irritation or 
inflammation is present. 

Auscultation of the lung sounds as well as respiratory 
sounds directly over the trachea, larynx, and nose should be 
compared to help localize the site of the lesion. Sounds are 
usually most intense near their site of origin. Examination of 
the oral and pharyngeal cavities is best done with the aid of 
anesthesia (e.g., Propofol, Thiopental) or light sedation. 


ANATOMY AND PATHOPHYSIOLOGY 


The normal trachea is a semi-rigid, flexible tubular passageway 
connecting the larynx to the bronchi. It is made up of 35 to 
4 5 Osh aped cartil ages, each alternating with an el astic annul ar 
ligament. The cartilage-free, dorsal portion of the trachea is 
composed of mucosa, connective tissue, and tracheal muscle 
(the dorsal tracheal membrane). The trachea bifurcates into the 
mainstem bronchi at the level of the fourth or fifth thoracic 
vertebrae. 

The cranial and caudal thyroid arteries are the major blood 
supply to most of the trachea. The recurrent laryngeal and vagus 

supply parasympathetic innervation to the tracheal 
mucosa and its smooth muscle, which stimulates muscular 
contraction and glandular secretion. The inhibitory sympathetic 
fibers arise from the middle cervical ganglion and sympathetic 
trunk. 
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The tracheal mucosal layer is composed of a p seudo-stratified, 
ciliated columnar epithelium with goblet ceils; mucus-secreting 
tubular glands are found in the submucosa. The ciliated cells of 
the epithelium act as part of the mucoc i 1 iary transport system to 
propel mucous and inspired debris toward the pharynx, 

The trachea has a limited number of ways to respond to an 
insult. Changes seen during examination of the trachea are 
usually not pathognomonic for a given disease state. The imme¬ 
diate response of the tracheal mucosa to irritation of any cause 
is increased mucus secretion. With continued insult, epithelial 
cells desquamate and goblet cell hyperplasia occurs. Squamous 
metaplasia occurs with continued insults if there is insuffi¬ 
cient time for healing between episodes. Superficial defects 
in the tracheal mucosa begin to heal as early as 2 hours after 
cessation of an injury. Large areas of damaged epithelium 
devoid of functional cilia can impair the mucociliary transport 
system and predispose to infection and delayed healing* 

The primary pathophysiologic response to stenotic disease 
is increased airway resistance that cannot be overcome through 
mouth breathing and decreased pulmonary compliance. With 
impaired air flow, hypoventilation and respiratory acidosis 
occur. Chronic obstruction can result in secondary pulmonary 
hypertension and right heart failure (cor pulmonale). 


DIAGNOSTIC TESTS 


Radiography 

Two views of the trachea should be obtained for routine radio¬ 
graphic examination—lateral and ventrodorsal or dorsoventral. 
Radiographs to evaluate the cervical trachea should be obtained 
separately from those of the thoracic trachea. The lateral radio- 
graphic examination must be performed with careful positioning 
of the patient to avoid artifactual deviations of the trachea, 
especially in the caudal cervical and cranial mediastinal regions. 
Excessive flexion of the occipitoatlantal articulation may cause 
de via tions of the trachea, whi ch may a rtifactually su ggest extra 
tracheal masses (Figure 213-1). Dorsal deviation of the intra- 
thoracic trachea can be due to ventroflexion of the neck. Other 

include cardiac enlargement, pleural effusions, and cra¬ 
nial mediastinal masses. Ventral deviation of the thoracic trachea 
can be seen with a dilated esophagus or with diseases of the 
dorsal cranial mediastinum. Ventrodorsal (VD) or dorsoventral 
(DV) views are used to evaluate the course of the trachea. 


HISTORY AND PHYSICAL EXAMINATION 


The most commonly recognized clinical signs of tracheal disease 
are coughing, stertorous noisy inspiratory sounds, stridulous or 
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Mild physiologic changes in tracheal diameter during respira¬ 
tion are norma). The cervical trachea may narrow slightly with 
inspiration while the intrathoracic trachea and 
slightly during expiration. 

Contrast studies of the trachea and bronchi (bronchography) 

have been advocated in the past for further evaluation of the 
trachea and airways. This procedure has generally been eclipsed 
by bronchoscopy, a more effective and safer technique for eval¬ 
uation of the lumen and lining of the major airways. Ultrasound 
examination of the trachea may demonstrate an alteration in 
the shape of the lumen on ventrodorsal projection/ 
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Tracheoscopy and Bronchoscopy 

Endoscopic examination is a useful tool for evaluation of 
pathologic states of the trachea. It may be performed with a 
rigid or flexible scope to help localize the site and extent of a 
lesion. Endoscopy directly visualizes the tracheal mucosa and 
identifies inflammation, ulceration, and edema. It is used to visu¬ 
alize and to obtain biopsy specimens of tumors and masses; 
for brush cytology, fluid aspiration, and cultures; for removal 
of foreign bodies; for demonstration of collapsed, hypoplastic, 
stenotic, disrupted, or compressed areas; and for evaluation of 
disease progression or response to therapy. 

Small animal respiratory endoscopy requires general 
thesia. The use of atropine sulfate generally is not recom¬ 
mended because of its detrimental effects of thickening and 
decreasing respiratory epithelial secretions. There are several 
options for sedation for tracheoscopy Short-acting barbiturates 
[Propofol) permit the rapid and gentle sedation of an animal 
for intubation and can he given on a continuous basis if the 
procedure is to be relatively short. Maintenance for a longer 
period of time is best handled using isoflurane gaseous anesthe¬ 
sia since the animal may quickly awaken after the procedure 
with few side effects and short duration of the sedation. On 
occasion, ketamine-diazepam-type sedation proves usefol for 
longer procedures, but the problems associated with waking 
up are enhanced, especially in difficult-to-man age pets such 
those with severe lung disease, obese animals, and brachy- 
cephalic breeds. Another option is Numorphan, although its 
respiratory depressive effects may necessitate manual [bagged) 
breathing for the patient (see Chapter 104). 


Figure 213-1 Kinking of the trachea may occur with excessive 
flexion oi the neck in small animals and in those with tracheal 
malaria. These undesirable causes of narrowing of the trachea must 
he avoided while the dog is radiographed and, more importantly, 
w hile the dog recovers from an anesthetic. 
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VD oblique views are occasionally needed when the thoracic 
tracheal lumen is superimposed over the vertebral column 
and sternum to prevent sufficient radiographic detail. These 
views are usually not necessary since the intrathoracic trachea 
normally courses to the right of the vertebral column and 
reaches the midline only at the tracheal bifurcation (carina). 

Trachea] radiographs should be surveyed for luminal filling 
defects, continuity of the mucosal lining, diameter, and pi 
ment within the cervical and thoracic regions. Normal aging 
may result in dystrophic mineralization of tracheal rings, this 
not pathologic. The normal tracheal diameter generally 
decreases slightly from larynx to thoracic inlet but then 
increases.* The normal diameter of the trachea at the third rib 
should be approximately three times the width of the third 
rib at the level of the trachea * Another method of determining 
trachea] diameter uses the ratio of the inner diameter of the 
trachea at the thoracic inlet to the distance between the 
tral edge of the first thoracic vertebra and dorsal edge of the 
manubrium. The normal ratio is 0,16 or greater 1 The tracheal 
lumen is similar to the caudal laryngeal lumen. Measurement 
of the degree of tracheal luminal stenosis using radiography or 
tracheoscopy did not correlate with necropsy 

one study.* Computed tomographic studies in 18 breed 
dogs determined the correlation coefficient between i 
diameters the cross-sectional lumen areas and body weight 
and found a high correlation between the inner transverse and 
vertical diameters and the cross-sectional area of the lumen 
except at the level of the intrathoracic trachea. 4 * 

Motion studies (fluoroscopy) of the diseased trachea 
highly desirable for evaluation of pathodynarmes, Image inten¬ 
sification equipment is necessary to safely obtain adequate 
radiographic detail.These studies are extremely valuable for the 
evaluation of the collapsed trachea and other coughing syn¬ 
dromes. Patients should be placed in lateral recumbency and 
the entire trachea visualized. A cough usually can be induced 
by digital pressure applied at the thoracic inlet. Videotape 
recordings add to the usefulness of dynamic studies. Playback 

observations in slow motion can result in the detection of 
functional features missed during the initial examination. 
Fluoroscopic equipment may not be available to the general 
practitioner. Motion dynamics of the trachea can often be 
inferred from static images obtained at different phases of res¬ 
piration. Lateral inspiratory and expiratory projections are used 
to evaluate changes in the tracheal lumen, A forced expiration 
can be obtained by inducing a cough with tracheal palpation. 


ace- 
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Tracheobronchml Culture and Cytology 

Examining cytologic specimens can often be an efficient and 
practical means of helping to support a diagnosis while others 
are eliminated. There are multiple ways to obtain diagnosti¬ 
cally significant samples from the trachea for culture and 
cytology In all cases, culture specimens should be obtained 
before cytology specimens. If tracheal endoscopy is being per¬ 
formed and the equipment has a biopsy port, specimens may 
be obtained through this instrument with sterile endoscopic 
brushes. A protected sterile culture swab or cytology brush 
also be introduced directly through the mouth and larynx 
and into the trachea for specimen retrieval. 

Bronchoalveolar lavage (BAL) is the preferred method of 
obtaining cytologic and culture samples from the lower respi¬ 
ratory tract and occasionally from the upper portions of the 

The endoscope is cleaned externally and the channels 
flushed with sterile saline. It is then repositioned at the sampling 
site and gently wedged into position. Multiple aliquots of sterile 
saline are passed through the channel and immediately 
tioned hack into the syringe. Multiple samples may be obtained 
in this manner from one or more positions using BAL. 

Another method 1 that works well in smaller animals is to 
place a sterile endotracheal tube, flush a small amount of sterile 
saline through the tube and into the trachea, hold the animal 
upside down, and collect draining fluid in a sterile vial as it runs 
out of the endotracheal tube. Although this method is not as 
precise as other methods, it is practical and easy to perform 
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cells with erythrophagocytosis and increased numbers of red 
blood cells. 8 Many diseases of the respiratory tract can cause 
hemorrhage including systemic dotting disorders. Large 
numbers of reactive lymphocytes and plasma cells are non¬ 
specific indicators of immune stimulation Primary ciliary 
dyskinesis may be suggested when associated with chronic 
bronchopneumonia, u liras tru dural ah normalities, and a lack 
of sperm motility on testicular aspiration 11 Neoplastic cells 
may be identified. Differentiation of criteria of malignancy 
in epithelial cells is often difficult, especially when accompa¬ 
nied by marked inflammation. Histologic examination may be 
necessary. Organisms may be found on cytology to make a 
definitive diagnosis but their absence does not eliminate infec¬ 
tious disease. 

Oinicopathologic Studies 

Tracheal diseases only rarely have definitive, demonstrable 
clinicopathologic findings. Hematologic and biochemical anal¬ 
ysis of the blood, serology, and a urinalysis should be used as 
a reflection of the patient's overall health and an indication of 
systemic or allergic disease. Blood gas analysis is helpful to 
demonstrate severity of the disease and acid-base status. 


with equipment found in most small animal hospital settings 
An alternative technique that does not usually require general 
anesthesia is transtracheal aspira ti on. Thi s usually requires either 
local anesthesia or mild sedation while a long sterile needle 
is used to puncture the mid-cervical trachea or cricothyroid 
membrane, A catheter designed to pass through the needle is 
threaded into the tracheal lumen and is used for aspiration, 

Numerous bacterial culture studies have been made from 
transtracheal and branchoscopic aspirations. These samples have 
principally but not exclusively been taken from the lower tra¬ 
cheal and respiratory' tract. In a study evaluating 264 cases of 
lower respiratory tract specimens, 203 bacterial species were 
isolated in 116 of 264 dogs. Most (57%) contained a single 
species of bacteria. Those cultured most commonly were £. coli 
(45,7%), Pasieurelia spp. (22.4%), obligate anaerobes (21.6%), 
bet a-hemolytic streptococci (12.1%), Bordetella bronckiseptica 
(12.1%), non-hemolytic Streptococcus and Enterococcus sp. 
(12.1%), coagulase-positive Staphylococcus spp. (9.5%) and 
Pseudomonas spp* (7,8%). 

Of these cultures, the most active antimicrobial agents for 
aerobic micro-organisms, which inhibit more than 90% of the 
isolates were amikacin, ceftizoxime sodium, enrofloxacin, and 
gentamicin sulfate. 5 in an earlier study, Mycoplasma spp. recovery 
in normal dogs and those with pulmonary disease was about 
25%. Only young dogs under 1 year of age and those with 
BordeteUa spp, or streptococci isolations had a significant asso¬ 
ciation between their disease and Mycoplasma spp, recovery 
during tracheobronchial lavage.^ Following this study, the role of 
Mycoplasma spp. in lower (trachea and lung) respiratory tract 
disease has been further elucidated. Half of 224 samples obtained 
from dogs and cats with lower airway disease were negative for 
Mycoplasma spp but 49.5% were positive, either alone (15%) or 
in combination (85%) with aerobic bacteria. Mycoplasma spp, are 
present frequently in patients with lower respiratory tract dis¬ 
ease. It remains to be determined whether Mycoplasma spp* play 

a primary or secondary rale, 50 Bordetella brunchiseptica infection 
was reported in a series of cats m ostly un der 8 weeks old with dry 
nonproductive coughing. Transtracheal washings were positively 
cultured for B, bronckiseptica 5 

Bronchoalveolar lavage cytology from 33 normal dogs iden¬ 
tified alveolar macrophages (79.4%), lymphocytes (13,5%), 
eosinophils (3*6%), mast cells (2.1%), epithelial cells (0.8%), 
and neutrophils (0.6%). 8 These numbers vary from earlier 
reports of limited numbers of macrophages and lymphocytes. 7 
Deviations from these numbers, although not usually diagnostic, 
provide valuable information on the type of response and the 
type of disease process present. Neutrophilic inflammation most 
often results from bacterial infection, which can be secondary 
to a number of other problems including, but not limited to, 
collapsed trachea, chronic bronchitis, neoplasia, allergic disease, 
and viral, mycotic, or parasitic infections. Such cytologic findings 
could include an increased number of neutrophils, degenerative 
changes within the neutrophils, and phagocytized bacteria. 8 

Eosinophilic inflammation is usually considered significant 
although it has been noted in clinically normal dogs and 
cats. 8 - 1 Eosinophils and mast cells imply an allergic or parasitic 
tracheobronchitis. 10 A concurrent, nonseptic neutrophilic or 
chronic inflammatory response is frequently present. Major 
differentia! diagnoses include allergic bronchitis, pulmonary 
parasites, heartworm disease, and hypersensitivity responses 
secondary to bacterial, protozoal, fungal, or neoplastic diseases. 
Chronic inflammation is indicated by a mixed inflammatory 
cell population with a predominant number of activated 
macrophages. 8 This type of response is nonspecific and has a 
long list of differentials. 

All slides should be carefully examined for organisms or 
atypical cells. Tight coils of inspissated mucous can be washed 
out in association with small airway disease. 10 Hemorrhagic 
inflammation consists of chronic or chronic-active inflammatory 


SPECIFIC TRACHEAL DISEASES 


Noninfectious Tracheitis 

Etiology 

Tracheitis refers to an inflammation of the epithelial lining of 
the trachea. This inflammatory response may be infectious or 
noninfectious; primary or secondary.'I l ie noninfectious causes 
of chronic tracheitis are probably more common and will 
be discussed as a group. Noninfectious tracheitis is usually a 
secondary problem to prolonged barking, collapsing trachea, 
chronic cardiac disease, and disease of the oropharynx. Tracheitis 
is unusual in cats and when it does occur in the cat it is asso¬ 
ciated with infectious feline respiratory disease. Allergic lower 
airway disease may also promote a secondary tracheitis. 

Clinical Signs and Diagnosis 

Since tracheitis may be primary' [inhalation of smoke or other 
noxious gases) or secondary, the history varies with the etiology. 
Most patients with tracheitis are asymptomatic except for a 
cough, which is characterized as resonant, harsh, paroxysmal, 
and often terminated by nonproductive or slightly productive 
gagging* The physical examination is often normal, and no lever 
is present* Firm palpation of the trachea near the thoracic 
inlet elicits the typical tracheal cough. Examination of the oral 
cavity and oropharynx is unlikely to reveal abnormalities unless 
the tracheitis is secondary to an oropharyngeal disease process. 
The tonsils may be enlarged and extend further out of the crypts 
than normal. Auscultation of the heart is usually normal. If a car¬ 
diac murmur or arrhythmia exists, cardiac disease must be elim¬ 
inated as the primary cause for the coughing (see Chapter 53) 
or as the cause of chronic tracheitis. A prominent snapping of 
die second heart sound may he present over the pulmonic 
valve region. Findings on auscultation of the lungs are normal 
unless tracheitis is secondary to pulmonary disease (see 
Chapters 212 and 215), in which case coarse bronchial lung 

sounds are expected. 

Tracheitis as a primary disease often has no specific radio- 
graphic features. In acute tracheitis edema of the mucosal 
lining may result in a reduction of the lumen diameter Care 
must be taken not to confuse this for a fixed, hypoplastic 
trachea. The radiographic features that occur when tracheitis 
is secondary 7 to other diseases are included in the discussions 
of those conditions* Hematology and blood chemistries are 
usually within reference ranges unless a systemic disease state 
concurrently exists. 
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Table * 213-1 


Drugs Used for Trachea l Dis eas es 


GENERIC NAME (TRADE) 


MECHANISM OF ACTION 


DOSAGE 


Theophylline/arninophylline (IV) 

Terbut aline (B re thine, Bncanyf) 


Bronchodifator; specific mechanism unknown 
Beta-2 adrenergic receptor 


5 mg/lb q6-12h PO/1V 
0.625*1.25 mg BID PO-SmJ 
1.25*2.5 mg BID POMed 

2.5*5.0 mg BID PO-Lg 
0.01 mg/kg IV, IM, SQ 
1 tab/20 Ibq12h PO 
O.S-1 mg/lb q8-12h PO 
Dosage similar to 

dextromethorphan PO 
0.5-1 mg/lb q6-12h PO 
K-1 tab (or tsp) q6-24h PO 
Approx 2 mg/kg 
Sa me dosage a s hydrocodone 
0.25 mg/lb q6-12h PO 


Prednisone and trimprazine (Temaril-P) 
Dextromethorphan (Delsym, Silphen DM) 
Dextrometharphan/gua rfenesin 
(Robitussin DM) 

Codeine 

Hydrocodone with homatropine 
(Hycodan, Tussigon) 

Tussionex syrup 
Butorphanol (Torbutrol) 


Antihistami ne/cortisone combination 
A n t itu ssi ve-ex pec torn nt 

A n t itu ss i ve-ex pectora n t 


Narcotic antitussive 
Narcotic like antitussive 


Antitussive narcotic syrup-longer acting 

Opioid agonist/antagonist 


Therapy 

Therapy should be directed at the primary underlying disease 
process, and these treatments are discussed in their 


or dog show. Aerosol or direct contact is considered the main 
source of exposure. Clinical signs usually develop 3 to 5 days 
after initial exposure. The clinical signs are generally mild and 
self-limiting. A dry, hacking, paroxysmal cough is the most 
consistent sign. A purulent nasal discharge may be noted. 
Generally, the animal is healthy in other respects. 

Diagnosis is made most often on the basis of circumstantial 
evidence. History of exposure with a dry hacking cough is usu¬ 
ally sufficient. Thoracic auscu 1 tation, thoracic radiographs, and 
hemograms are usually unremarkable. Tracheal cytology may 
reveal increased numbers of neutrophils and bacteria. Bacterial 
or Mycoplasma spp. isolation, as well as virus isolation and 
logic evaluation, can be performed but are usually unnecessary. 
B, brunchiseptica commonly associated with this condition 

require 3 months for full clearance to occur. 


appropn- 

ate sections. The cough associated with secondary tracheitis 
may act as a continued source of irritation, which perpetuates 
the tracheitis, and a vicious cycle ensues. Treatment of the 
underlying disease process may not always be adequate to 
relieve the cough because of this cycle of "cough-induced tra¬ 
cheitis," which perpetuates the cough as well as the tracheitis. 

Therefore treatment aimed specifically at the tracheitis is often 
beneficial r if not mandatory. 

Tracheal coughing is often treated with antitussive and hron- 
chodibting preparations (Table 213-1). Many of these prepara¬ 
tions also contain expectorants. Occasionally, short-term therapy 
with corticosteroids is warranted. It is important to emphasize 
that this provides symptomatic relief only and it could 
bate the primary condition. With chronic coughing, nebulizarion 
four to six times daily may help to soften mucoid material col¬ 
lecting in the trachea. When nebulization is not possible, the dog 
or cat can be placed in a bathroom filled with steam from a hot 
shower This should last 15 to 20 minutes, three times daily 
Following either method, gentle couppage of the chest wall 
helps to loosen secretions and stimulate expectoration. 


may 


exacer- 


Th crapy 

Uncomplicated cases of tracheobronchitis probably do not 
require antimicrobials. Even though antibiotics have not been 
shown to reach significant concentrations in tracheobronchial 
secretions or to shorten the course of infection, prophylactic 
therapy has been recommended by some, 14 Antibiotic treat¬ 
ment is indicated if there is deeper respiratory involvement : 
if the animal is showing signs of systemic illness. Drugs chosen 
should be based on results of bacterial culture and sensitivity 
testing In the absence of culture results, choices of oral antibi¬ 
otics include chloramphenicol, fluoroquinolones, or cephalo¬ 
sporins. More potent injectable agents such as amikacin, 
gentamicin, and ceftizoxime should be chosen only after culture 
results indicate their effectiveness, Doxycyciine (5 to 10 mg/kg 

once daily) is appropriate if mycoplasma are suspected. 

Glucocorticoids, administered at anti-inflammatory doses 

can be effective in suppressing the cough of uncomplicated 
infectious tracheobronchitis. However, glucocorticoids do 
appear to shorten the clinical course of the disease. 14 They 
may worsen the illness in immunocompromised individuals. If 
glucocorticoids are used, a bactericidal antibiotic should be 
chosen over a bacteriostatic one for concurrent use, 

Antltussives, either alone or in combination with broncho- 
dilators are recommended. Narcotic cough suppressants 
to he the most effective. These agents can compromise ventila¬ 
tion and should not be used in the presence of concurrent bac¬ 
teria! pneumonia. Methyixanthine bronchodilators may also be 
of benefit in suppressing the cough through their ability to pre¬ 
vent hronrhospasm Patients with tracheobronchial disease also 


or 


Infectious Tracheobronchitis 

Etiology 

Infectious canine tracheobronchitis, also known 
respiratory disease complex and kennel cough , is not a single 
disease, but rather a clinical disease syndrome. Involved in this 
multi-etiology syndrome include infectious agents such 
viruses, bacteria, mycoplasma, fungi, and parasites, A combina¬ 
tion of BordeteUa brunchiseptica with canine parainfluenza 
canine adenovirus (CAV; CAD-2) is the most frequendy 
tered cause. Other incriminated agents are, canine herpes vims 
(CHV), reovirus, Mycoplasma spp., 5 * 1 and occasionally canine 
distemper virus. 12 Most cases of infectious canme tracheobron¬ 
chitis involve a primary viral infection. B. hvnchiseptica infec¬ 
tion in cats is unusual but has been described, 5 - 13 The role of 
B. branch iseptica has recently been reviewed, 47 


as canine 
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Clinical Signs and Diagnosis 
Infectious canine tracheobronchitis is highly contagious and 
most commonly occurs where groups of dogs of different ages 
and susceptibility are congregated. There is almost always a 
historv of exposure to other animals, as in a kennel r hospital. 


benefit from nebulization, which can help to loosen excessive 
accumulations of bronchial and tracheal secretions. Nebulization 
with sterile saline is as acceptable as mucolytic agents. 


TRACHEAL PARASITES 


Lungworm (Oslerus osleri; Filoroides osieri) 

Etiology 

Fila nrides osleri ren am ed Oslerus osleri (O, <?sferi) is a worldwide 
parasitic disease in dogs under 2 years of age. It can be seen in 
individual situations but is more often a kennel-related problem 
(especially in greyhounds), 1 Although most often described in 
young dogs, it does persist in older animals, often without signif¬ 
icant pathophysiologic effects. 

Although described as a lungworm, this parasite most 
commonly affects the region proximal to the tracheal Carina. 
It may affect the lumen and lining of the larger bronchi, but 
only rarely does it extend deeper into the pulmonary system. 

Reports of direct transmission through larvae in the stool 
and saliva suggest that this metastrongy!e may not require an 
intermediate host to complete its life cycle. First-stage larvae 
directly transmitted through salivary and airway secre¬ 
tions. These mok in the small bowel followed by migration of 
the larvae to the lungs and bronchi. Experimental and natural 
direct transmission have been demonstrated. 1 Transmission to 
pups has also been reported to occur through parental food 
regurgitation and licking and cleaning of pups by a nursing 

bitch. 15 


Figure 213-2 Lateral thoracic radiograph of an immature male 

terrier showing multiple nodules in the lumen of the caudal tra¬ 
chea due to Filarvides osleri , Note the hyperexpansion of the tho¬ 
racic cavity, which is probably due to increased resistance within 
the trachea during expiration. 


A small amount of white to blood-tinged mucus is common, b ut 
at times larger amounts of exudate are brought up 

Tracheal sensitivity occurs but physical palpation is 
normal. Heart sounds are normal When obvious respiratory 
embarrassment occurs wheezing, ronchi, or pulmonary edema 
may be present. 

The radiographic examination is helpful if the disease pro¬ 
cess is extensive and the nodules are large. The tracheal lining 
may be diffusely thickened, interrupted with indistinct solid 
masses, or show ill-defined, 2- to 10-mm semicircular lesions 
protruding into the lumen (Figure 213-2), Endoscopically, 
cream-colored nodules, 1 to 5 mm high and wide are usually 
diagnostic. The larvae are often seen peeking into the luminal 
edge of the growth, Brushings and biopsies of the nodules 
provide a definitive diagnosis (Figure 213-3), 

Larvae are occasionally detected in the feces. Although 
some flotation methods dehydrate the larvae, zinc sulfate 
flotation techniques are as diagnostic as is the Baermann tech¬ 
nique. Eggs, when 


Clinical Signs and Diagnosis 

Dogs usually present with chronic, mild to severe inspiratory 
wheezing sounds, dyspnea, coughing, and/or debilitation. 
Panting usually is not prominent except in advanced cases. 
The severity of the clinical signs may be overplayed 
ature. Most dogs experi ence definite but mild, often nonp rogres- 
sive respiratory signs. Exercise intolerance does occasionally 
occur and coughing is typically characterized as a harsh tracheo¬ 
bronchial sound associated with attempts at terminal retching. 
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Figure 213-3 A, Photomicrograph of a biopsy taken from the trachea just proximal to the earina of 
the animal in Figure 213-2. The tracheal lining is surrounded by a larval representative of O. osleri. 
Note the kinked tail characteristic of this worm larva. B, Parasitic tracheitis that exhibits prominent 
infestation by adult filarial worms The worms contain microfilaria (mf ), which are within the cuti¬ 
cle (cu) and are surrounded by mucosal tissue (m$) from the host's pulmonary svstem. 
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colorless, and larvated. The larvae are 230 pm long with a dis¬ 
tinct kinked tail. Both larvae and eggs may be visualized in the 
sputum and in washings from the trachea of an affected dog. 

Therapy 

Many drugs have been reported to be effective in treating 
lung worms, such as thiacetarsamide sodium, diethykarba- 
mazine, levamisole, fenbendazole, and albendazole 1 We have 
treated several dogs with oral ivermectin at 1000 pg/lb once 
weekly for 2 months. The nodules were reduced in size but 
did not resolve entirely All of these dogs became asymp¬ 
tomatic and continued to thrive. Thiabendazole was adminis¬ 
tered at 35 mg/kg twice daily for five days and then at 70 mg/kg 
twice daily for 21 days. Along with thiabendazole, prednisone 
at 0.5 mg/kg was given twice daily every other day. 16 

Surgical removal is not recommended owing to the large 
number of nodules. Removal of a large obstructing nodule may 
potentially be therapeutic in rare situations. 

Cuterebrosis 

Cuterebm spp, larvae are expected in rabbits and rodents. 
Several cats have been described with inspiratory dyspnea. 
Upon tracheoscopy, Cuterehra larvae were observed in the 
trachea, at or just cranial to its bifurcation. Successful treat¬ 
ment consisted of removal of the larva during tracheoscopy in 
one cat and by thoracotomy and removal through a tracheal 
incision. The cases were described by the authors as third-stage 
instar of the Cuterehra spp, 5] A fatal case of second stage instar 
has been reported in another cat. 37 

Tracheal Hypoplasia 

Etiobgy 

First described in 1972, the hypoplastic tracheal syndrome is a 

congenital defect resulting from inadequate growth of the tra¬ 
cheal rings. 1 The condition varies from mild to severe. This dis¬ 
ease is recognized primarily in young, brachyeeph ali c animals. 
The first complete report involved a series of dogs, most of 
which were English bulldogs, 1 In another report, the highest 
incidence was in English bulldogs (55%), with Boston terriers 
also bci ng comm only affected (15% of their cases). 17 Other con- 
genital abnormalities, including elongated soft palate, stenotic 
nares, cardiac defects, and megaesophagus may be associated. 

Clinical Signs and Diagnosis 

Since tracheal hypoplasia is a congenital disease, it can be 
diagnosed early in life. In one study, the median age at diagnosis 
was 5 months (range: 2 days to 12 years). 17 Common clinical 
signs include dyspnea, stridor, and coughing. Occasionally, dogs 
present with a moist, productive cough, moist rales on auscul¬ 
tation, and a fever associated with bronchopneumonia. 

Physical examination may be normal (except for a palpably 
small trachea) or may reveal a sensitive trachea that, when 
palpated, evokes coughing. Excitement is likely to exacerbate 
the coughing episode, which is usually more severe and serious 
during daytime hours. Heart sounds are normal unless an asso¬ 
ciated congenital cardiac malformation is present. Clinical 
pathology reveals a leukocytosis with a left shift if there is a 
concurrent bronchopneumonia. The radiographic features are 
most important and usually provide a definitive diagnosis 
(Figure 213-4). Dorsoventral and lateral radiographs of the 
thorax and lateral views of the conical region should be 
obtained to assess the tracheal diameter and the presence or 
absence of pulmonary changes. Methods for measurement and 
determination of normal trachea diameter have been reviewed 
earlier in the chapter. 

The diagnosis of hypoplastic trachea is generally made 
when the lumen diameter is less than two times the width of the 
third rib where they cross. The tracheal lumen will also appear 
smaller than the caudal laryngeal lumen in these patients. 


Care must he taken in the young patient, in which the adult 
proportions of the tracheal lumen may not yet be obtained. 
Tracheal edema associated with tracheitis may mimic a 
hypoplastic trachea on the radiograph. For this reason it is best 
to take radiographs when the patient is asymptomatic. 

Prognosis and Therapy 

The prognosis for dogs with a hypoplastic trachea depends on 
the degree of hypoplasia as well as the presence or absence of 
concurrent congenital defects. Many patients with slight to 
moderate hypoplastic tracheas can live normal, satisfactory 
lives with only an occasional need for bronchodilator therapy 
and antibiotics. Young dogs with this diagnosis often outgrow 
the condition. One report suggests that tracheal hypoplasia 
may be clinically insignificant in the absence of concurrent 
cardiac or other obstructive upper respiratory disease. Further 
it supports the idea that the degree of hypoplasia does not 
correlate with the presence or absence of clinical signs. 17 

Clinical experience has shown that many dogs present 
with this condition in various states of severity as puppies and 
young dogs. With effective empirical therapy a significant 
number of these dogs develop and grow into healthy mature 
dogs. Because the initial impression is one of a very advanced 
condition, the veterinarian may wish to advise the client on 
the potential for the dog to overcome this problem. This is 
particularly true if there are no associated congenital defects 
present. Owners who are experienced with these breeds are 
familiar with the problem and are often quite capable of dealing 
with the extensive nursing care required. One should be firm 
on recommending therapy for these patients. Many who have 
suggested euthanasia have come to regret their haste after 
seeing some of these dogs as mature adults. The prognosis 
remains guarded and it is prudent to identify the possibilities 
to the new pet owner who presents a pet with this condition. 
Similarly, the veterinarian must carefully evaluate the pet for 
associated congenital defects (cardiac or other upper airway). 

It is important to prevent bronchopneumonia from devel¬ 
oping by keeping the affected animal in a draft-free environ¬ 
ment and preventing excessive exposure to moisture and cold. 
Prevention of excessive weight gain also helps the animal by 
limiting the strain placed on the respiratory system by obesity. 
When recurrent upper respiratory tract infections do occur, 
the use of antibiotics is in order, preferably as determined by 
culture and sensitivity testing. 

It is advisable to discourage the breeding of animals 
affected with this congenital defect, even though at this time 
there is no absolute evidence indicating a hereditary basis. 
There are no known surgical corrective procedures. 

Segmental Tracheal Stenosis 

Etiobgy 

Segmental tracheal stenosis is an unusual condition that 
affects small animals. It may occur as a congenital lesion or it 
may result from trauma to the trachea. The congenital 
absence of tracheal rings that causes a focal stenotic area has 
been described, l! * Many examples of young cats and dogs with 
segmental tracheal strictures of unknown cause have been 
recorded. 1 

Segmental trachea) stenosis can also occur secondary to a 
tracheotomy procedure, with necrosis and thickening of the 
tracheal wall from excessive endotracheal cuff pressures, as a 
complication of thoracic surgery, result of bite wounds to the 
cervical area, foreign bodies lodged in the trachea and result 
of massive chest trauma. 

Clinical Signs and Diagnosis 

This syndrome produces stridulous respiratory distress and 
subsequent cyanosis. Secondary upper airway tract infections 
may result and develop into overwhelming pulmonary disease. 
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Figure 213-4 A, Lateral cervical and thoracic radiographs of a 1-year-old female bulldog. The radio¬ 
graph of the thorax dearly demonstrates a markedly hypoplastic trachea in addition to pulmonary 
changes suggesting bronchitis The ratio of the tracheal diameter to the height of the thoracic inlet 
0,07. The normal ratio is 0.16 or greater The indistinct outline of the trachea is due to the 
iation of large amounts of mucous in the trachea. B, Hypoplasia of the trachea in a 4-month-old 
female boxer presented with a productive gagging cough and moderate respiratory distress. Lateral 
thoracic radiographs show a severely hypoplastic trachea. The ratio of the tracheal diameter to the 
height of the thoracic inlet was 0.05. 


was 


aceumu- 


R a die graphic studies usually establish the diagnosis. Survey 
tracheal radiographs often show the stenotic region 
abrupt, segmental reduction in lumen diameter Inspiratory/ 
expiratory' projections or fluoroscopic examination demon¬ 
strate little dynamic change in the stenosis during the respi¬ 
ratory cycle. Bronchoscopy identifies the stenotic lesion and 
its severity and anatomic extent. It is possible that accurate 
measurement of the degree of tracheal stenosis cannot be 
made. Percentage of tracheal luminal stenosis as determined 


by antemortem methods in 15 normal dogs that underwent 
tracheostomy procedures were determined by radiography 
tracheoscopy and necropsy. The antemortem methods did not 
correlate well with control planimetric methods. 

Therapy 

The management of segmental tracheal stenosis is similar 
regardless of cause. The mainstay of treatment is surgical 
resection of the stenotic region. Several types of procedures have 
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been used and they are well reviewed.! i® * 9 Tracheal resection 
and anastamosis without excessive tension, 1819 balloon dilata- 
tion 2n f placement of polypropylene total ring prostheses applied 
to the external surface of the trachea and tracheal wall stent 
pi acement in tcmally h ave all been used su ccessfu Uy. 53 The reader 
is referred to an appropriate surgical textbook for additional 

information. 


history of chronic coughing. The cough may be described as 
chronic, harsh ( or dry. If the owner is asked specifically, the cough 
often is described as a "goose honk” sound that occurs initially 
during the day and occasionally into the evening hours. 
With rare exception, the disease is recognized in toy and 
miniature breeds, most often Chihuahuas, Pomeranians, toy 
poodles, Shih Tzus, Lhasa apsos, and Yorkshire terriers. It may 
occur concurrently with chronic mitral valvular heart disease 
and must be differentiated from heart failure due to this con¬ 
dition. A slow heart rate helps to distinguish heart failure from 
primary collapsing trachea. Patients in a compensated cardiac 
state are presented with a cough due to a collapsed trachea. 
The pressure of the enlarged left atrium on the left main stem 
bronchus may aggravate or precipitate the tracheal cough, even 
in the absence of heart failure. The characteristic cough is 
elicited by excitement, tracheal pressure [such as that caused 
by pulling on a leash), and drinking water or eating food. Often, 
the owner indicates that the dog begins to cough when it is 
picked up under the chest or held when excessive pressure is 
placed on the thoracic inlet. 

Physical examination usually reveals a normal dog, which 
may be obese or thin. Depending on the state of anxiety and 
the respiratory distress of the moment, the patient's color varies 
form normal to cyanotic Most dogs are afebrile but an elevated 
temperature devel ops with extreme respiratory distress and agi - 
tation. Hyperthermia may result if the distress is not relieved. 
Perhaps the most significant finding during the physical exami¬ 
nation is the elicitation of a "goose honk" cough when the trachea 
is pressed in the region of the thoracic inlet. In thin patients, 
dorsoventral compression of the trachea and an angle at the 
lateral edges of the trachea can be pal pated. This is not observed 
in obese dogs. The cardiac sounds vary from normal to that 
associated with simultaneous mitral valvular insufficiency. In 
the normal dog, the second heart sound is less pronounced than 
the snapping second heart that is often auscultated in dogs with 
collapsing trachea. The lung sounds vary from normal vesicular 
sounds to rattling, stridulous sounds associated with sibilant 
rales and wheezing. Stridor implies inspiratory sounds associa ted 
with upper airway obstruction, including laryngeal paresis/ 
paralysis, everted laryngeal saccules, and cervical tracheal 

collapse. Varying degrees of inspiratory or expiratory dyspnea 

(respiratory distress), inspiratory noises, and an expiratory 
grunt [abdominal press) with an abdominal effort are recog¬ 
nized in all cases. 

A significant feature of the physical examination is the 
frequent association of hepatomegaly. Hepatomegaly occurs 
in a large percentage of patients with this syndrome. It may be 
associated with fat deposition in the liver (see other rule outs for 
hepatomegaly, Chapter 225), The relationship of hep¬ 
atomegaly to the clinical syndrome is unclear. 

In most uncomplicated cases, there are usually no electro¬ 
cardiographic abnormalities other than P-pulmonale resulting 
from right-sided heart strain. Examination of the oral cavity is 
usually normal (dental excluded). Culture of the tracheal 
lining using a protected brush identified aerobic growth in 24 ot 
29 dogs. Cytologic confirmation of inflammation or infection 
was not consistent, ss Mycoplasma spp. were identified in patients 
cultured with lower airway disease. Some of these animals had 
tracheal diseases 50 and may culture commonly identified bacteria 
but most have no growth. Tracheoscopy reveals a decreased 
dorsoventral diameter of the trachea with a pendulous dorsal 
tracheal membrane. Dynamic changes such as intrathoracic 
collapse are noted as are other structural abnormalities, such as 
specific single or multiple flattening or collapse of tracheal rings. 
In most cases, the tracheal mucous membranes are hyperemic 
but usually show no exudate. On occasion, a copious, frothy 
catarrhal exudate may be present. 

In a study of 20 surgically managed cases. 30% of the dogs 
were observed to have concurrent laryngeal paresis or paralysis. 1 


Collapsing Trachea 

There are two types of collapsing trachea, the dorsoventral 
and lateral forms. The lateral form is very unusual. It has been 
reported without obvious cause but it also has developed after 
central chondrotomy was performed to treat the dorsoventral 
form of tracheal collapse. Lateral collapse rarely occurs spon¬ 
taneously, 21 Dorsoventral flattening (narrowing of the trachea) 
is a very com monly described lesion that is often associated with 
a pendulous, redundant dorsal tracheal membrane that prolapses 
into the tracheal lumen. 

The collapsing trachea usually involves the cervical region, 
but often both the cervical and thoracic areas of the trachea 
are involved and the collapse may extend into the bronchi. 
Extension of the tracheal collapse to the bronchi is also described 
as collapsing of the trachea at the carina. Extension into the 
cartilage of the lower airways is referred to as bronchomalada. 
Regardl ess of the foe al or diffuse nature o f the problem, increas- 
ing respiratory work leads to dynamic collapse of the dorsal 
tracheal membrane into the tracheal lumen. This further irritates 
and inflames the mucous membranes, disrupts the mucociliary 
apparatus, and increases the risk for associated small airway 
problems. 22 This condition has been described in cats in asso¬ 
ciation with an intraluminal obstructing lesion 22 and by others 
but unusually 23 

Etiology 

The etiology of the collapsing trachea is unknown. The condi¬ 
tion is an acquired disease that usually occurs in middle-aged 
to aged dogs, although it has been described in young dogs 
as a congenital lesion, 1 The clinical syndrome and findings 
in congenital cases are essentially similar to those described in 
acquired disease. In dogs with an acquired collapsing trachea, 
there is no loss of potential tracheal ring size, but the rings lose 
their ability to remain firm and thus subsequently collapse* 
They become hypocellular and the matrix varies from normal. 
Glycoprotein and glycosaminoglycan are deficient or totally 
lacking in dogs with collapsing tracheas, 1 The essential lesion 
is a deficiency in the organic matrix of the tracheal cartilage. 
This has led some to associate the condition with tracheal and 
bronchomalaeia. There may be a failure of chondrogenesis or 
simple degeneration of hyaline cartilage, decreasing its turgid- 
itv. This in time leads to stretching of the dorsal membrane 
and finally collapsing of the trachea. 

Biomechanical and biochemical parameters were similar 
when comparing cervical to thoracic tracheal rings of young 
and middle-aged healthy dogs, 241 Tracheal cartilages of normal 
adult dogs did have significantly higher proteoglycan content 
and lower water content than an immature group of dogs. 

Chronic coughing caused by long-term airway and/or 
pulmonary parenchymal disease, chronic cardiac disease with 
tracheal and bronchial compression, tracheal trauma, denerva¬ 
tion of th e dorsal tracheal membrane, congenital defects, obe¬ 
sity, increased mediastinal fat, and thoradc and extra thoracic 
masses are likely associated problems rather than primary 
inciting causes of this anatomical condition. Laryngeal dysfunc¬ 
tion and bronchial collapse significantly alter the prognosis 
negatively* 54 


Clinical Signs and Diagnosis 


Tracheal collapse produces a "respiratory distress syndrome. 11 
The disease is usually paroxysmal in nature, often with a long 
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The high figure does not correlate with the authors' experi¬ 
ence with large numbers of dogs that cough intermittently 
with this disease for many years. It may represent an impor¬ 
tant specific subset of patients, however, and should be looked 
for when a diagnosis of tracheal collapse is made. Further, 
laryngeal paresis results in a classic stridulous inspiratory effort 
in m arked contrast to th is expi ratory wheeze, cough, and grunt¬ 
ing syndrome. Upon completion of the visual examination, 
broncho alveolar lavage, brush cytology and/or biopsy samples 


are taken. The risks of bronchoscopy/tracheoscopy are relevant* 
Extreme caution is required. Brachycephalic dogs with dimin¬ 
ished laryngeal motility or everted saccules are additionally at 
risk as may be obese patients and those with severe tracheo¬ 
bronchial malada, concurrent pulmonary disease, small airway 
collapse, accumulated bronchial secretions, and hypoventilation. 
Post bronchoscopy recovery requires careful patient attention, 
minimized stress, occasionally long-term intubation, and on 
occasion intratracheal administration of I % iidocaine spray . 25 
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Figure 213-5 Lateral thoracic radiographs of an 8-year-old Yorkshire terrier during (A) peak 
inspiration and (B) peak expiration. Note the dramatic change in tracheal diameter that can 
occur during the respiratory cycle tn animals with collapsing trachea and how important it 
is to obtain inspiratory as well as expiratory views. In severe cases such as this, the expiratory 
collapse is not limited to the thoracic segment of the trachea but extends into the cervical region 
as well. C, Collapsing trachea observed at the thoracic inlet in a dog with moderate rotation of 
the trachea. As a result of the rotation, the trachea appears wide rather than collapsed in the 
lateral view, 
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thorax do not usually demonstrate changes in the trachea 
Concomitant lung disease may be seen. 

Ultrasound examination of the trachea may demonstrate 
an alteration in the shape of the lumen on ventrodorsal projeo 
tion^ Motion studies of normal respiratory function and 
cough, using fluoroscopy, can be made in order to assess the 
severity of the lesion. Some cases may show collapse only during 
th e forced expiration of coughing. Slow-motion studi es of vi deo- 
ape recordings are often helpful in delineation of the magnitude 
f the collapse, especially when produced by coughing. 

The differential diagnosis of collapsed trachea requires 
considerstion of such common conditions as tonsillitis, laryngeal 
paralysis or collapse, stenosis of the nares or trachea, eversion of 
the lateral saccules, elongation of the soft palate, bronchitis or 
primary tracheitis, foreign body tracheitis, and decompensated 
chronic mitral valvular disease. The list of causes of coughing 
that could be confused with collapsed trachea is extensive 
(see Chapter 53), 
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Therapy 

The therapeutic approach to the collapsing trachea patient 
covers both the acute and chronic state. Although both con¬ 
ditions use the same common drugs, the need to deal quickly 
an d a ggressi vely with th e acute state differs conceptually. Clients 
are often very anxious and the pet may be equally so, which 
demands immediate attention and reassurance for the owner. 

In the acute state the clinician is concerned with calming 
the patient as quickly as possible. This may require the use of 
oral antitussive agents such as butorphanol or dihy¬ 
drocod einone. In the event that these products are not rapid 
or potent enough, injectable butorphanol may be considered. 
Other agents that are effective in more advanced conditions 
include dilute acetylpromazine, diazepam intravenously, or 
morphine by injection. Separating the extremely anxious pet 
from the client (this can often be very difficult to do) may be 
very useful and allows the clinician to appropriately sedate the 
dog and reduce the external stimuli that are continuing to 
occur. Not infrequently, simply removing the pet from view 
of the owner acts to calm the dog. In the event of cyanosis, 
oxygen in a humidified environment such as an oxygen- 
enriched cage or by nasal catheterization is suggested. The 
latter is made more difficult by the extreme anxiety of the 
patient In such situations any physical manipulation or stress 
may aggravate the problem and make the cure worse than 
the disease. The use of short-term corticoste raids has a place 
in such situations since there likely is tracheal edema present. 
Injectable steroids initially, followed by oral dosages, tapered 
si owly is quite h elpful during acute treatment. In 
pets are sent home with the owner after instructing on the 
administration of dilute acetylpromazine in the event of an 
acute exacerbation of the problem. 

Throughout treatment, branchoddators remain effective in 
treating this condition. The theoretical benefits accrue to 
reduction in spasm of the smaller airways, which reduces 
intrathoracic pressures and thus decreases the tendency of the 
larger airways to collapse. Additionally there is improved 
mucociliary clearance and reduced diaphragmatic fatigue. In 
some cases the authors even believe that the alcoholic content 
of an elixir compound seems to benefit the patient as much as 
the actual medication. Caution is required concerning the side 
effects of methyl xanthine drugs, which include vomiting and 
excitability. Similar results may be obtained by having the 
owner place a small dab of an alcoholic liquid in the buccal 
region during acute episodes of coughing at night when 
at home. 


Shaded area=tracfteal lumen 

{lower images are trachea turned at 45%) 


D 


Figure 213-5—Cont*d D, Drawing of the actual tracheal posi* 
tion and the line of the x-ray beam explains the appearance of the 
trachea on the lateral view. 


Radiographic examination of patients with collapsing 
trachea uses both still and motion studies. The trachea should 
be examined on dorsoventral and lateral radiographs. Separate 
lateral radiographs of the cervical and cranial thoracic regions 
should be obtained to assess the contour of the entire trachea. 
Lateral radiographs made during both the maximum inspiratory 
phase and expiratory phase of the respiratory cycle are needed 
* to demonstrate a dynamic collapsing trachea (Figure 213-5), 

Collapse of the cervical tracheal segment is usually best demon¬ 
strated during the inspiratory phase. 

Conversely, the study made on expiration usually shows a 
collapse of the thoracic segment (and occasionally mainstem 
bronchi) and an unchanged or slightly dilated cervical segment. 
Care should be taken not to overflex or overextend the occip- 
itoatlantal articulation when obtaining the lateral views, since 
this may produce pressure on the trachea that can artifactually 
induce narrowing of the lumen (Figure 213-6) or cause an abnor¬ 
mal tracheal course in the caudal cervical or thoracic region. 
There can be a subtle loss of radiographic detail at the dorsal 
luminal margin, which is produced by inversion of the dorsal 
tracheal membrane. The ventral margin of the tracheal lumen 
remains well demarcated and is unaffected by the collapsing 
process. The collapsed region usually involves approximately 
one third of the tracheal length, and the extremities of the 
collapse blend into normal lumen size over a distance of 2 to 
3 cm. The course of the trachea is usually normal in uncom¬ 
plicated cases, A redundant dorsal tracheal membrane which 
in vagi nates into the tracheal lumen can be seen as soft tissue 
opacity along the dorsal aspect of the caudal cervical tracheal 
lumen (Figure 213-5, £). This condition is seen in both small 
and large breed dogs, and can be distinguished from a super¬ 
imposed esophagus or other structure by the sharp soft tissue- 
gas interface along the ventral margin. DV or VD views of the 


some cases. 
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Figure 213-6 A, Lateral radiograph of a 13-year-old Chihuahua with a pliable, collapsible tra¬ 
chea showing caudal cervical trachea] collapse due to overextension of the neck- B, Lateral tho¬ 
racic radiograph from a 14-year-old male castrate Pomeranian, Notice the reduced size of the 
cervical trachea as compared with the thoracic trachea on inspiration (arrows), C and D, 11-year- 
old Poodle, female spay, with severe chronic coughing. There is marked left atrial enlargement with 
bronchial dilatation on inspiration and on expiration there is narrowing and reduction 
the two mainstem bronchi. Such pathology usually precludes surgical correction of the disease. 
E, Lateral radiograph from a 7-year-old Pomeranian, female spay, with severe coughing. Note the 
normal tracheal size until the carina at which point the mainstem bronchi shows compression and 
constriction (arrow), This patient required long-term aggressive medical therapy. 
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Treating the patient long term on an outpatient basis utilizes 
the same principles as set above except on a more relaxed leveL 
Usually medications can be administered on an as required 
basis and often may not be required throughout every day The 
backbone of such therapy remains the bronchodilator agents 
(usually the methylxanthine derivatives such as aminophyll ine, 
theophylline elixir, or another bronchodil a tor, see Table 213-1)i. 
Beta-agonists (terbutaline and albuterol) are reported to be 
effectively used by some in place of the methylxan thine agents. 
No clinical studies demonstrating any proof of benefit are 
available. Antitussive agents butorphanol or dihydrocodeinone 
(hydrocodone) are quite effective in controlling symptoms. 
Side effects include oversedation, anorexia, and constipation. 
Occasionally longer use of low-dose steroids are given, often in 
combination with a sedative-anti histamine. Some combination 
products work w T ell here (also see Table 213-1) but many have 
been removed from the market. Often the clinician will need 
to change therapies from time to time to find a newer effective 
agent. The neuroendocrine effect of digitalis may play a role in 
the effectiveness of this product, although the treatment of the 
cor pulmonale is considered to be another possible role. 

Weight reduction in the obese patient is essential. This is 
accomplished principally with high-fiber, low-fat diets since 
exercise modification is unlikely Weight loss alone can 
curative in terms of dealing with the symptoms of this disease. 
Likewise removal of neck collars and utilizing only a harness 
when the dog is taken outside can be most effective in reducing 
clinical signs. 

The majority of cases can be successfully treated symp¬ 
tomatically. Bronchodilator preparations containing expecto¬ 
rants and sedatives usually suffice to control this disease {see 
Table 213-1). N ebuli zation 

additional relief. Hospitalization with sedation for a period of 
several days, associated with corticosteroid therapy and nebu¬ 
lization , helps to reduce the degree of sssod ated tracheitis. It is 
important to recognize that other disease states* specifically 
chronic lung disease, hepatomegaly, or chronic mitral valvular 
fibrosis* may be present. Antibiotics are not indicated in treat¬ 
ing this disease unless there is concomitant bacterial infection. 
Removing the dog from respiratory irritants such as noxious 
gases, smoke, and dust is good common sense. 

Several authors have reported on the surgical correction of 
this condition. 1 ' 25 - 27 There are no evidence-based studies to 
link central chondrotomy with effective control of this disease 
In one survey evaluating 100 dogs with tracheal collapse, 71% 
had long-term resolution of clinical signs with conservative 
care. 29 Of these 100 dogs, 4% required upper airway surgery 
and 11 % were sent for tracheal reconstruction when no other 
medical conditions were recognized. Only half of this latter 
group had an asymptomatic recovery. These authors of this 
study and of this chapter suggest that surgery should be 
reserved only for younger dogs and those that fail to respond 
to aggressive medical care. 211 

Surgical methods that have been described include plication 
of the dorsal tracheal membrane, external tracheal ring pros- 
theses, and intraluminal stent devices. These surgical efforts 
do not resolve the co-existing problem of mainstem and distal 
bronchial collapse and may not effectively resolve isolated 
thoracic inlet disease. Polypropylene C-shaped stent placement 
has been described with good results, 27 28 - 30 These authors sug¬ 
gest that surgery involving the thoracic portion of the 
trachea has been unrewarding because of high morbidity 
and that dogs with mainstem bronchial collapse are not good 
surgical candidates. In a group of dogs that did have surgery, 
17 of the 90 (19%) required a follow-up tracheostomy and a 
h i gh percentage of these devel oped complications due to occlu- 
sion with mucous or skin folds. Yet, extraluminal placement 
of polypropylene C-shaped stents was an effective method of 
controlling the clinical signs of collapsing trachea in some dogs. 


Weight, severity of tracheal collapse, duration of the clini¬ 
cal signs, and the need for a tracheostomy did not affect the 
long-term outcome. Dogs over 6 years of age had more post¬ 
operative complications and a poorer long-term outcome than 
did dogs under 6, 

Twenty-five dogs were treated surgically for tracheal col¬ 
lapse with use of extraluminal polypropylene ring pros theses 
plus a left arytenoids lateralization. 31 The authors reported 
a lower complication rate of 4% and a 75% success rate. They 
felt that this was due to reduced complications as a result of 
the tie back procedure. 

Various intraluminal stenting techniques have been con¬ 
sidered and utilized. Varying results have been recorded using 
Palmaz 56 (negative), Nitino! 57 (no conclusions), Ultraflex, and 
Smart Stents {manufactured by Boston Scientific) with no 
strong positive literature to date to support unqualified recom¬ 
mendations. Failure to function well and migration following 
stent placement are problems that have been identified. 

Surgical correction of a 4-year-old Poodle with a lateral 
collapsing trachea using ring prosthesis provided definitive 
relief of the symptoms. The authors evaluated the dog post- 
operatively and found little change anatomically. Since there 
was so much improvement the authors attributed the improve¬ 
ment to increased airway rigidity, which alleviated the effects of 
dynamic collapse resulting in improvement of the air flow. 21 
Surgical management utilizing polypropylene spiral ring pros- 
theses was i dentified in two large breed dogs with extra thoracic 
tracheal collapse, 32 


31 


be 


Obstructive Tracheal Masses 

Etiology 

Obstructive tracheal masses have varied etiologies. Lesions 
may be intraluminal, as in the case of primary tracheal neo¬ 
plasia or extra lu min ally compressive Tracheal tumors in dogs 
and cats include squamous cell carcinoma, histiocytic lym¬ 
phosarcoma, lymphoblastic lymphosarcoma, osteosarcoma, 
adenocarcinoma, osteoma, chondroma, osteochondroma, 
chondrosarcoma, and leiomyoma. 1 ' 33 ' 34 - 58 Also, plasmacytoma, 
mast cell tumors, seromucinous carcinoma and rha bdomy osar- 

In dogs and cats* primary tumors of the trachea are 


vaporization may provide 


or 


59 


coma. 

uncommon. Other intraluminal masses include tracheal para¬ 
sites, nodular amyloidosis, eosinophilic granulomas, abscesses, 
chronic granulomas, 1 - 35 and inflammatory polyps. 33 A single 
second-s tage instar larval sta ge of Cuterebra spp. was identi fied 
in a 7-year-old cat's trachea. 37 

Tracheal foreign bodies can also cause an intraluminal 
obstruction. 1 ' 38 - 39 Foreign bodies are not common, but when 
they do occur, they are usually small enough to pass beyond 
the tracheal bifurcation, causing subsequent development of 
inhalation pneumonia. When foreign bodies are relatively large, 
they are likely to come to rest at the carina. 

Trachea] obstruction by external compression has been 
associated with thyroid and parathyroid tumors; enlarge¬ 
ment of the mandibular, retropharyngeal, or prescapular 
lymph nodes due to infection, mediastinal hemorrhage and 
abscesses, 60 ' 61 neoplasia, mycotic granuloma; peritracheal 
abscesses and cysts; ex trained ul ary tracheal masses, 62 cranial 
mediastinal masses such as thymomas; esophageai tumors; and 
esophageal granulomas secondary to Spirocewa fafpiT 40 - 41 


Clinical Signs and Diagnosis 

Obstructive diseases are associated with a dramatic increase in 
airway resistance at the point of obstruction, impeding air 
flow, which causes hypoventilation and respiratory acidosis. 42 
Clinical signs depend on the degree of obstruction. Up to one 
half of the airway diameter may be compromised without 
obvious clinical signs. 43 Even in these cases, however, close 
inspection of the patient will reveal an obstructive breathing 
pattern, which consist of a slow inspiratory phase followed by 
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Figure 213-7 A and B, Lateral cervical radiograph of an 8-year-old cat with inspiratory dyspnea 
and open-mouth breathing, A tracheal mass can be seen arising from the ventral tracheal wall and 
growing into the lumen at the level of C4-C5* The air in the trachea provides a natural negative 
contrast agent. C» Cervical radiographs 3 months after surgical resection of the 
no longer seen. Histopathologic diagnosis was 










mass. 


mass is 


tracheal adenocarcinoma. 












more rapid expiratory phase. 


Most animals present with 
stridor, loud ronchi (rattling in the throat), and often chronic 
coughing. Respiratory distress and dyspnea are usually obvious. 

Overzealous examination and performance of laboratory 
studies may disturb the patient, thereby worsening the condi¬ 
tion, Every effort should be made to keep the animal calm, 

and initial diagnostic tests should be done with as little stress 
as possible. 

The work-up for the patient with suspected tracheal 
obstructive disease usually begins with radiography. Lateral 
views should be obtained if the patient can tolerate recum¬ 
bency without struggling. Ventrodorsal radiographs often 
put the patient in a stressful position; instead dorsoventral 
views should be obtained. Tracheal masses may decrease lumi¬ 
nal size in a nonlinear manner, resulting in 


A 3 




masses are outlined by tracheal air, 
which provides a good natural negative contrast medium 
(Figure 213-7). 

Disruption of the mucosal continuity is seen at the base of 
the mass. This is in contradistinction to the silhouette produced 
by masses that are extraluminal, in which the line produced by 
the luminal air-mucosa interface is seen to pass uninterrupted 
through the mass. Non-radiopaque foreign bodies can be 
dered invisible to radiographic examination if they travel distal 
enough in the bronchi, which results in atelectasis of the 
obstructed Jobe with transudation of serous fluid distal to and 
around the foreign body Extraluminal masses that 
cheal obstruction are generally recognized radiographically 
linear decreases in the lumen diameter over a length deter¬ 
mined by the size of the mass (Figure 213-8), 
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Figure 213*8 A, Lateral tho¬ 
racic radiograph of a 5-year-old 
domestic short-hair cat, pre¬ 
sented for dyspnea and emesis, 
shows elevation and compression 
of the trachea at the thoracic 






cranial lung lobes are displaced 
caudally. These signs were sec¬ 
ondary to lymphosarcoma of the 
cranial mediastinum. B, Same cat 

as in A, 5 weeks after chemother¬ 
apy, Notice the re-expa nsion of 
the previously compressed tra¬ 
chea. C, Lateral thoracic radio¬ 
graph of an 8-year-old female 

Burmese cat with pleural fluid 
secondary to cardiomyopathy. 
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is not accompanied by tracheal 
compression as in the previous 

case of a mediastinal mass. 
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CHAPTER 213 


• Diseases of the Trachea 


In the mediastinal region a mass must be quite large to 
result in tracheal compression. The trachea is easier to displace 
then to compress in this location. High-level airway obstruction 
is most likely to be associated with hypoinflated, small lung 
fields, In tra thoracic tracheal obstruction 


bodies may be removed in smaller patients by holding the pet 
upside down (head down) while under general anesthesia and 
gently but firmly tapping the thorax. Occasionally the foreign 
body is actually coughed out and other times it is moved into 
a more proximal position for easier bronchoscopic retrieval. 

The prognosis for patients with tracheal obstruction depends 
on the specific primary disease as 
respiratory embarrassment. Stressful diagnostic measures may 
push the patient into a state of decompensation. With tracheal 
tumors, the prognosis varies with the amount of trachea 
involved and with the specific biologic behavior of the tumor 
type present. 

Tracheal Trauma 

Etiology 

Laceration of the tracheal wall causes subcutaneous and medi¬ 
astinal emphysema. Traumatic injury to the trachea is unusual 
in small animals. Bite wounds to the neck incurred during 
dog or cat fight, transtracheal wash procedure, and inadvertent 
laceration of the trachea during jugular venous puncture are 
causes However, overinflation of endotracheal cuffs, often 
during dentistry in cats, is another important etiology.®- 65 An 
uncommon sequela to trauma is a tracheoesophageal fistula. 


may present as a 
hyperinflated lung due to air trapping as a result of narrowing 

of the airway during expiration. This creates a bail valve effect 
and traps air distal to the obstructing lesion. In a cat with 
inflammatory polyp partially obstructing the trachea, thoracic 
radiography suggested increased airway resistance during expi¬ 
ration (hyperinflated lungs and a caudaUy displaced flattened 
diaphragm). 36 Contrast esophageal studies are sometimes 
needed to differentiate the etiology of the tracheal narrowing 
or displacement in the cranial mediastinal region, particularly 
in brachycephalic breeds in which cranial mediastinal 
are often difficult to delineate. Concomitant narrowing 
trachea and esophagus in the cranial mediastinum is highly 
suggestive of an extraluminal mass. 

Bronchoscopy allows visualizing tracheal masses and for¬ 
eign bodies (especially radiolucent foreign bodies), retrieving 
cytologic specimens of masses, or obtaining biopsies. 


as the present degree of 


masses 


a 


Therapy 

In addition to its diagnostic value, bronchoscopy can be 
used as part of the treatment. Some foreign bodies can be 
removed endoscopic ally, and some tracheal masses may 
be removed by means of a suction biopsy device attached to 

the bronchoscope. 34 

For foreign bodies that cannot be retrieved through the 
bronchoscope and for large or firm tracheal masses, the main* 
stay of therapy is surgical removal or resection. Surgical pro¬ 
cedures of the trachea have been well described. Some foreign 


Clinical Signs and Diagnosis 

A ventrolateral tear of the annular ligament may produce 
ondary subcutaneous emphysema over the entire body. 44 This 
latter condition develops frequently in dogs or cats involved in 
fights during which a tooth punctures or lacerates the tracheal 
wall. Air escapes from the tracheal opening and enters the 
subcutaneous tissue of the neck (Figure 213-9). The subcuta¬ 
neous emphysema may involve only the peritracheal region or 
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Figure 213*9 A, Lateral cervical radiograph of a 10-year*old male cocker spaniel with tracheal 
narrowing and rupture at the level of C3 resulting from a dog fight. There is extensive cervical and 
subcutaneous emphysema. Not that the outer tracheal wall is visible throughout its length because 
of the free extraluminal air that provides contrast. B, Pneumomediastinum in a cat associated with 
subcutaneous air collection. Note the prominent tracheal stripes both dorsally and ventrally 
result of the trachea being outlined by air both inside and outside of the trachea lumen. 
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Figure 213-10 Lateral thoracic radiograph of a 10-year-old 

Great Dane with pneumomediastinum. Note how the free air in 
the mediastinum provides a negative contrast and allows detection 
of the dorsal tracheal wall (arrow)* 
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be more extensive and involve the entire subcutaneous area of 
the body. Such tears may also be responsible for the develop¬ 
ment of pneumomediastinum in both the dog and the cat 
[Figure 213-10). Subcutaneous emphysema is recognized by 
the crackling sensation of the animal's skin* The tissue beneath 
the skin appears swollen. The presence of such a lesion should 
i mmediatel y indicate the possibility of a tracheal tear. 

Fractures of the trachea produce radiographic signs of 
peritracheal, intermuscular, and subcutaneous emphysema. 
Pneumomediastinum may also be present with a cervical or 
intrathoracic lesion. Fractures or lacerations of the trachea or 
tracheobronchial tree should always be considered in cases of 
persistent, increasing subcutaneous emphysema even when 
no cutaneous lacerations can be located. Bronchoscopy visual¬ 
izes the point and extent of tracheal mucosal interruption. 
Occasionally traumatic injury of the intrathoracic trachea 
results in a circumferential rupture (avulsion), leaving the 
mucosal or serosal lining intact* This prevents air from dis¬ 
secting into the mediastinum. Clinical signs develop one to 

twenty eight days post trauma. Radiographs will reveal the 
separation of the tracheal rings 
pseu do-tracheal h sign A 

lumen at the separation during inspiration and narrowing 
durin g expira tion is often identified. 

Therapy 

If the subcutaneous air collection is regressing and there are 
no signs of pulmonary distress, it is usually recommended that 
the patient be cage rested, which allows the emphysema to 
regress by slow absorption, mild sedation, and occasionally 
by aspiration through a large-bore needle and wrapping the 
body with elastic bandages, being careful not to mechanically 
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Figure 213*11 Lateral thoracic radiographs of a cat following 

thoracic trauma. A, Note the focal increased size of the trachea at 
the level of the fourth rib, which suggests trauma to the tracheal 
walk In the lateral view (B) taken 1 week later, there is marked 
diminution in the size of the trachea at the fourth intercostal 
space due to tracheal stenosis. 
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[Figure 213-11) referred to as 
focal widening of the tracheal 






restrict respiration. Medical treatment alone was effective in 
15 of 20 such cases and a sixteenth case died before surgery 
was attempted. 61 Perhaps of greater importance is the effort 
to detect other pathologic conditions such as pneumothorax 
or hemothorax. If another such condition is present, the clin¬ 
ician should consider thoracocentesis. 

Surgical repair of a tom tracheal ligament may be required. 
Most tears have been found dorsolaterally on the trachea at or 
near the thoracic inlet. 6 " 3 Surgical repair with good results are 
reported in cats with intrathoracic tracheal avulsion associated 
with dyspnea, exercise intolerance, and exertional cyanosis. 
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Diseases of the Small Airways 


Lynelle R, Johnson 






he primary role of the small airways is conduction of 
gases to and from the gas exchange region of the lung 
at the least energy cost to the animal. Cartilaginous sup¬ 
port in large airways and smooth muscle tone in small airways 
keep airways open to facilitate gas flow* A ciliated, cuboidal 
epithelial layer that contains mucus-producing goblet cells and 
submucosal mucus glands lines smaller airways. Production 
of excessive airway mucus in response to inflammation or 
infection reduces luminal diameter, increases resistance to air¬ 
flow, and augments the work of breathing. Activation of the 
inflammatory cascade and production of inflammatory medi¬ 
ators can cause bronchoconstriction in cats, which further 
reduces airflow. 


may be seen in dogs with chronic airway disease that develop 
pulmonary hypertension and/or cor pulmonale. 

Hypoxemia and abnormal distribution of ventilation on 
radioaerosol scans have been reported in dogs with bronchitis. 1 
Tidal breathing flow volume loops in dogs with chronic bron¬ 
chitis demonstrate reduced expiratory flow and loop shapes 
similar to those seen in humans with chronic bronchitis. 1 

Collection of airway samples by tracheal wash or bron¬ 
choscopy characterizes the cellular infiltrate in the airways and 
rules out infectious causes of cough. Bronchoscopy is particu¬ 
larly useful in dogs that lack significant radiographic indications 
of bronchitis since virtually all dogs with chronic bronchitis 
have rough, hyperemic airway mucosa and mucoid or purulent 
secretions lining the airways. In animals with long-standing 
bronchitis, fibrous nodules can be seen protruding into the 
bronchial lumen, Cytologically, chronic bronchitis is character¬ 
ized by a preponderance of non degenerate neutrophils 1 (Figure 
214-2), although some dogs have predominantly eosinophils in 
airway washings. Increased mucus and Curshman's spirals 
(bronchial casts of airway mucus) are sometimes noted. 

Low numbers of bacteria (<1.7 x 1(P colony forming units 
per milliliter) can be found in airway samples from bronchitic 
dogs, and more than one species of bacteria may be isolated 3 ; 
however, significant bacterial infection is not common in dogs 
with chronic bronchitis. 1 3 Bacteria can also be isolated from 
airways of healthy dogs (Box 214-1), 

Treatment 

Anti-inflammatories 

Short-acting steroids such as prednisone or prednisolone 
are generally safe and effective in dogs with uncomplicated 
bronchitis. Remission of clinical signs can usually be achieved 
with initial doses of glucocorticoids that range from 0.5 to 
1.0 mg/kg PO BID. The dosage should be decreased by half 
every 5 to 10 days, with the goal to achieve alternate day 
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CANINE CHRONIC BRONCHITIS 


Chronic bronchitis is an inflammatory airway disease charac¬ 
terized by the presence of a daily cough for greater than 
2 months. Neutrophilic or eosinophilic infiltration of bronchial 
mucosa results in production of proteases, elastases, and oxi¬ 
dizing products. Inflammatory cell products and oxidant 
injury cause increased epithelial permeability, cellular injury, 
and mucus hypersecretion. Histologically chronic bronchitis is 
characterized by hypertrophy and hyperplasia of mucus glands 
and goblet cells, smooth muscle hypertrophy, fibrosis of the 
lamina propria, and epithelial erosion with squamous metapla¬ 
sia. These changes result in obstruction to airflow and clinical 
signs of cough and exercise intolerance. 

Presentation 

Bronchitis affects middle-aged to older dogs. Although classi¬ 
cally considered a disease of small breed dogs, bronchitis often 
affects larger breed dogs. 1 The primary clinical complaint is a 
harsh productive or nonproductive cough. Many affected dogs 
have a history of exercise intolerance, and some develop collapse 
or cough syncope. 

On physical examination, dogs with chronic bronchitis 
appear in good health, are often overweight, and may pant 
excessively. Tracheal sensitivity is usually present, and ausculta¬ 
tion reveals coarse, inspiratory crackles and expiratory wheezes. 
Dogs with significant bronchitis display prolonged expiration 
and an expiratory push. Heart rate is normal to low in dogs with 
respiratory disease, and an exaggerated sinus arrhythmia may 
be present due to increased vagal tone. 

Diagnostic Evaluation 

Clinicopathologic abnormalities are typically absent in dogs with 
bronchitis. Thoracic radiography can establish the likelihood of 
chronic bronchitis although normal chest radiographs do not 
rule out chronic airway disease. Thickening of airway walls and 
in ere ased numbers of v isible airway walls are found more com - 
monly in dogs with bronchitis than in age and breed-matched 
controls, z End-on bronchi (doughnuts) and airways 
longitudinal section (tram lines) represent airway walls thickened 

by inflammation (Figure 214-1). Right-sided cardiomegaly 
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Figure 214-1 Lateral chest radiograph of a dog with chronic 
bronchitis. Increased bronchial markings are apparent, primarily 
in the caudal lung fields. 
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Methylxanthines are believed to act through antagonism of 
adenosine or effects on intracellular calcium handling, since 
therapeutic levels do not result in accumulation of cyclic AMP, 
Long-acting theophylline (Theochron®, Inwood Laboratories) 
at 10 mg/kg PO BTD achieves plasma levels in dogs that 
approximate the human therapeutic range of 10 to 20 pg/mL 4 
Adverse effects of methylxanthines include gastrointestinal 
upset, sinus tachycardia, and hyperexdtability. When toxic 

signs are noted, drug therapy is discontinued and then reinsti¬ 
tuted at half the initial dose If clinical signs improve and the 
dog tolerates the drug, the dosage may be increased if needed. 
If no response is seen, an alternate class of b ro nch odil a tor is 
recommended. 

Beta-2 adrenergic agonists (terbutaline or albuterol) have 
been used successfully in management of chronic bronchitis. 
Dosing of terbutaline is based on animal size, and small dogs 
receive 0.62 5 to L25 mg PO B1D. medium-sized dogs may be 
given 1.25 to 2.5 mg PO BID, and larger dogs receive 2,5 to 
5.0 mg PO BID. Albuterol is dosed at 50 pg/kg PO TID, Beta 

agonists may result in excitability or tremors during initial 
therapy but dogs usually become accustomed to the drug. 

Ant itus sires 

Dogs with bronchitis rely on a potent cough reflex to clear 
secretions from the airway, and suppression of cough prior to 
resolution of inflammation could trap mucus in the lower 
airway, perpetuate airway inflammation, and worsen pul¬ 
monary function and clinical signs. When inflammation has 

been effectively treated but cough persists, use of cough sup¬ 
pressants is warranted since chronic coughing causes repeated 
airway injury and may lead to syncope. Potent cough suppres¬ 
sion can be achieved with narcotic agents such as 

hydrocodone (0.2 mg/kg PO R1D-QID) or butorphanol (0.05 
to 0,12 mg/kg $Q BID-Q1D and 0,55 mg/kg PO BID-QID). 
These agents must be given at a frequent interval in order to 

suppress coughing without inducing excessive sedation. 

Antibiotics 

Airway infection is likely if greater than 3 intracellular bacte¬ 
ria per 50 high-power fields are seen on airway cytology, 3 and 
appropriate antibiotics are prescribed based on culture and 
susceptibility results. 

Ancillary Therapy 

Imp rovem en ts in exercise tolerance and arteri al oxygenation can 
be seen with weight loss alone since obesity decreases thoracic 
compliance, restricts expansion of the thorax, and worsens both 
clinical signs and gas exchange in dogs with chronic bronchitis, 
Exerdse should be increased as tolerated. Dogs with concurrent 
tracheal collapse or marked tracheal sensitivity benefit from use 
of a harness instead of a collar. When stresses in the environment 
are encountered, such as cigarette smoke, pollutants, heat, or 
humidity, the animal should be removed to a cool, dean area. 

Some animals may benefit from airway humidification to 
increase moisture in airway secretions and facilitate clearance. 
The most significant benefit can be achieved through nebuliza- 
tion with a pneumatic or ultrasonic nebulizer that creates small 
enough water particles to penetrate the airways. Standard vapor¬ 
izers create larger water particles and are less effective, 
Nebulization can be performed two to four times daily for 10 to 

30 minutes and should be followed by gentle exercise or 

coupage therapy to facilitate removal of secretions. Nebulization 
occasionally results in bron ch ospasm, overhydration, or distress 
to the animal. Some patients may benefit from administration of 
a bronchodilator immediately prior to therapy 

Prognosis 

Bronchitis is a chronic disease that can often be controlled but 
never cured. The majority of patients have residual cough and 
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Figure 214-2 Cytology of HALF from a dog with chronic bron¬ 
chitis demonstrating neutrophilic inflammation (>80% neutrophils 
on a differential cell count). In healthy dogs, BALF comprises pre¬ 
dominantly macrophages (65% to 70%) and low numbers of 

inflammatory cells (6% to 9% each of neutrophils, eosinophils, 
and lymphocytes), 


dosing to allow 7 normalization of the pituitary-adrenal axis, if 
clinical signs recur, a return to the higher dose of glucocorti¬ 
coid that controlled clinical signs is recommended. Many 

animals require lifelong therapy, whereas some may be suc¬ 
cessfully weaned off medication. In dogs with persistent or 
recurrent signs, concurrent treatment with a bronchodilator 
or antitussive is indicated. 


Bronch odilaiors 

Use of bronchodilators can be associated with clinical improve¬ 
ment due to reduced pulmonary infiltrates or improved expira¬ 
tory airflow. 1 A trial on a bronchodilator is indicated when a dog 
exhibits marked expiratory effort and persistent cough despite 
anti-inflammatory therapy, Bronchodilators can improve 
diaphragmatic contractility reduce respiratory muscle fatigue, 
stimulate mucociliary clearance, and may reduce the dosage of 
glucocorticoid required. 

The bronchodilators used most commonly in veterinary 
medicine are me thy (xanthine derivatives and beta-2 agonists. 
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Bacteria Retrieved from the Airways of Heabhy 
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Pasteurella spp. 

Mycoplasma spp.* 

5 treplococcus spp. 
Staphylococcus spp. 
Acinetobacter spp. 

Moraxella spp. 
Enterobacter spp. 

Pseudomonas spp. 
Escherichia coll 
Klebsiella s pp. 

Bordetella bronchiseptica 
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exhibit clinical signs periodically throughout life. Goals of 
therapy are to control inflammation thus Urniting clinical signs 
and to prevent worsening airway disease. When inadequately 
treated, long-standing bronchitis may lead to bronchiectasis 
or pulmonary hypertension due to chronic hypoxia and/or 
vascular remodeling. 


may be candidates for chronic suppressive antibiotic therapy or 
treatment with 1 week of antibiotics each month. 

B ronch odi l a to rs can be beneficial, although animals typi* 
caliy have irreversible airflow limitation. Cough suppressants 
must be avoided since failure to remove infectious and inflam¬ 
matory secretions will perpetuate disease. Maintenance of sys¬ 
temic and airway hydration through oral intake, intravenous 
fluids, and/or nebulization can be a critical factor in resolution 
of disease. Because dogs with bronchiectasis tend to pool 
tions in lower airways, brisk coupage following nebulization is 
essential to assist in removal of airway secretions. 

Prognosis 

Owners should be aware of the likelihood of chronic recurrent 
infection in dogs with bronchiectasis. Resistance to antibiotic 
treatment may occur. Animals with significant hypoxemia and 
parenchymal changes may develop pulmonary hypertension 
cor pulmonale. Some animals are at risk for sepsis. 

Prevention 

Bronchiectasis can be limited by use of appropriate antibiotic 
therapy in infectious lung disease, prompt recognition and 
removal of foreign bodies, and appropriate management of 
chronic bronchitis. 


BRONCHIECTASIS 


Bronchiectasis is a focal or diffuse destructive lung condition 
characterized by irreversible dilatation of large cartilaginous 
airways, often with accumulation of pulmonary secretions. 
Dilatation results from destruction of muscular and elastic 
support structure of the airways by cytokines and proteolytic 
enzymes produced by inflammatory celts. 5 It can occur in 
association with primary ciliary dyskinesia (PCD), as a sequela 
to long-standing infectious or inflammatory pulmonary dis¬ 
ease, secondary to smoke inhalation or airway obstruction, or 
as a complication of radiation-induced pneumonitis. 5 in cats, 
bronchiectasis is recognized as a histopathologic response to 
long-standing airway disease. Cocker spaniels seem predis¬ 
posed to the disorder,® 

Presentation 

Dogs with bronchiectasis typically have a chronic history of a 
moist productive cough and frequent bouts of pneumonia that 
initially respond to antibiotics but then recurA? Hemoptysis 
may be present. 

Physical examination is remarkable for moist crackles and 
expiratory wheezing. Loud bronchial sounds can sometimes 
be heard over dilated airways. Nasal discharge may be related 
to PCD or associated with pneumonia, when pulmonary 
tions are expectorated into the nasal passages. 

Diagnostic Evaluation 

Nonspecific evidence of chronic infection includes neutrophilia, 
monocytosis, and hyperglobinemia due to chronic antigenic 
stimulation. Arterial blood gas analysis typically exhibits 
hypoxemia and a widened alveolar-arterial oxygen gradient. 

Thoracic radiographs can demonstrate mixed bronchial, 
interstitial, or alveolar patterns with diffuse thickening of 
bronchial walls,® Although central or diffuse bronchial dilata¬ 
tion is classic for bronchiectasis, radiographs are relatively 
insensitive for the diagnosis. Dilated airways are more readily 
apparent when a severe pneumonic infiltrate is present. 
Computed tomography or bronchoscopy can provide evi¬ 
dence of bronchiectasis in dogs and cats. Classic broncho- 
scoplc findings in bronchiectasis include dilatation of the 
airways with or without trapping of purulent secretions, loss 
of the cylindrical shape to airway lumens, and mucosal hyper¬ 
emia and irregularity. 

Bronchoalveohr lavage fluid (BALF) typically exhibits 
suppurative inflammation. Bacterial cultures for both aerobes 
and anaerobes are indicated since purulent secretions 
favor the growth of anaerobic species. In dogs, cultures may 
fail to reveal bacterial growth 7 yet these cases often respond 
to antibiotic therapy. 

Treatment 

Dogs with lobar bronchiectasis or bronchial foreign bodies 
usually require lung lobectomy for management of disease. 
Dogs with pneumonia must be treated with broad-spectrum 
antibiotics that are efficacious against both aerobes and 
obes. While cultures are pending, intravenous ampicillin (30 to 
20 mg/kg IV q6-8h) and gentamicin (2 to 4 mg/kg q8-32h) 
enrofloxacin (2.5 mg/kg IM ql 2h) can be used Long-term use of 
antibiotics should he based on culture and susceptibility results. 
Animals that suffer recurrent infection due to bronchiectasis 


or 


FELINE BRONCHIAL DISEASE 


Feline branchial disease describes a spectrum of inflammatory 
small airway diseases in the cat characterized by signs that 
range from chronic or intermittent coughing to life-threatening 
respiratory distress. Any age can be afflicted with bronchia! 
disease, and Siamese cats seem to have an increased incidence 
of disease and m ay suffer from a m ore chroni c fo rm of bronchial 
disease.* Disease results from inflammation within the airways 
that induces reversible airflow obstruction through smooth 
muscle constriction and hypertrophy bronchial wall edema, and 
hyperplasia of submucosal glands. Hyper-responsive airways and 
reversible airflow obstruction have been documented in some 
cases. 9 These conditions lead to a reduction in airway diame¬ 
ter and increased airway resistance, which cause clinical signs 
of cough and/or respiratory distress. 

Experimental models of feline bronchial disease that 
use antigen or allergen induction of airway hyper-reactivity 
describe generation of inflammatory and immunomodulatory 
cytokines and mediators within the airways.Mast cell 
degranulation likely leads to recruitment and activation of 
T lymphocytes. Activated eosinophils release granule 
tents, and expose the epithelium to major basic protein 
(MBP), which causes ciliostasis and reduces mucociliary clear¬ 
ance, MBP also leads to epithelial cell lysis and desquama¬ 
tion. 13 Sloughing of pneumocytes exposes sensory and 
endings to increased types and concentrations of allergens 
irritants and may also result in a reduction of epithelial derived 
relaxant factor. Thus inflammatory damage can enhance neural 
responsiveness. Recent evidence suggests that inflammation 

can also induce oxidant stress that perpetuates airway injury . u 

Presentation 

The most frequent presenting complaints in cats with 
bronchia] disease are coughing and abnormal respirations, 
such as wheezing, loud breathing, or respiratory difficulty, 9 
Paroxysmal coughing is commonly reported, and the cough is 
often described 

intolerance or episodes of open-mouth breathing after exertion 
may be noted in some cats. 

Cats with bronchial disease tend toward obesity given 
inability to exercise. Bronchitic cats can appear normal at rest 
and exhibit normal pulmonary auscultation; however, increased 
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but not from bronchoalveolar lavage samples from healthy 
cats, 1713 and specific Mycoplasma culture on BA LF should be 
considered in cats with respiratory disease* 

Measurement of airway resistance and lung compliance 
can be performed (in anesthetized cats) at some referral insti¬ 
tutions. Cats with bronchial disease can exhibit high lung 
resistance due to bronchoconstriction, Cats with bronchial 
disease may also exhibit airway hyper-responsiveness to a 
nonspecific aerosol stimulant as evidenced by a reduction in 
the dosage of methacholine required to increase lung resis¬ 
tance. 5 Whole body plethysmography can be used to study 
airway reactivity in awake, spontaneously breathing cats by mea¬ 
surement of box-pressure signals (expiratory time, peak inspira¬ 
tory and expiratory flows) and calculation of enhanced pause 
(PENH), a variable that correlates with airway resistance J 9 
Plethysmography is technically challenging, and measured van* 
ables are influenced by respiratory rate and the animals age. 

Tidal breathing flow volume loops (TBFVL) have also 
been evaluated in spontaneously breathing cats with bronchial 
disease. The cat breathes through a facemask attached to a 
pneumotachograph and pulmonary mechanics analyzer 
Pressure measured at the pneumotachograph is proportional 
to flow through the mask, and signals are integrated over time 
to determine volume at each cycle of respiration. Significant 
findings in cats with bronchial disease include increased 
expiratory:inspiratory time, decreased peak expiratory flow 
rate, and decreased tidal breathing expiratory volume. 15 

Treatment 

Acute Therapy 

In the cat with cyanosis and open mouth breathing, diagnostic 
tests are kept to a minimum initially. Stabilization can be 
achieved by providing an oxygen enriched environment and 
using parenteral administration of the beta-2 agonist terbutaline 

a t 0*01 mg/kg IV, IM, or SC* 5 Epinephrine, a sympathomimetic 
agent, is a potent bronchodilator but should be used only when 
cardiac disease has been excluded since alpha and beta-1 adren¬ 
ergic stimulation can result in adverse side effects of cardiac 
arrhythmias, vasoconstriction, and systemic hypertension. 
AminophyUine is a weak bronchodilator and its use in an 
emergency situation may not be justified since terbutaline is 
more likely to be effective. 

Respiratory rate and effort are monitored visually in the 
first hour of observation to determine therapeutic response, tf 
the cat does not respond to terbutaline initially use of a short¬ 
acting corticosteroid often results in rapid alleviation of 
airway obstruction* However, use of corticosteroids will affect 
further diagnostic testing by decreasing migration of inflam¬ 
matory cells into the airway. Failure to respond to terbutaline 
and corticosteroids indicates that other causes for respiratory 
distress should be investigated, 

Ghrott ic Management 

Anti-infio mm atones Corticosteroids control airway inflam - 
mation by inhibition of phospholipase A, the enzyme responsi¬ 
ble for initial metabolism of arachidonic acid into inflammatory 
agents* Corticosteroids also decrease migration of inflamma¬ 
tory cells into the airway, which decreases the concentration 
of toxic granulocyte products. 

The initial dose and duration of corticosteroid therapy 
depends on the degree and chronidty of respiratory embar¬ 
rassment, the severity of pulmonary infiltrates, and the level of 
inflammation detected on cytology. Initially, prednisolone is 
administered at 1 mg/kg PO BID for 1 to 2 weeks, and the 
dosage is decreased to 0.5 mg/kg BID if a good therapeutic 
response is seen. If the cat remains stable, the dosage can be 
slowly decreased to once daily and then every other day. 
Recurrent episodes of coughing or respiratory distress necessi¬ 
tate a return to a higher dosage. Cats are relatively resistant to 


tracheal sensitivity is usually present and post-tussive crackles 
are typically ausculted, Harsh lung sounds, crackles, or expira¬ 
tory wheezes are evident in some affected cats, and the expi¬ 
ratory phase is prolonged. 515 An abdominal component to 
respiration may also be noted. Air trapping may occur distal to 
obstructed airways leading to decreased thoracic compressibil¬ 
ity and a barrel-shaped appearance to the chest. Auscultation 
in this area of the lung is quiet with increased resonance on 

percussion* 

Diagnostic Evaluation 

Cats with bronchial disease have nonspecific changes on blood 
work, and peripheral eosinophil!a was reported in only 30% of 
affected cats. 5 Airway parasites should be ruled out as a cause of 
airway inflammation and subsequent bronchoconstriction. A 
sedimentation technique is used to detect the single-operculated 
egg of Paragonimus spp*, whereas Baermann flotation is needed 
to detect Aeluroslrongylus larvae. A routine fecal flotation can 
be used to identify Capitlaria eggs. Heartworm antibody/anti¬ 
gen tests and echocardiography could be considered in cats 
presenting with cough or respiratory distress. 16 

A variety of interstitial, bronchial, and alveolar infiltrative 
patterns may be observed in cats with bronchial disease. The 
severity of the radiographic pattern may not match the degree of 
respiratory embarrassment in cats with acute bron choconstric- 
tion, and normal chest radiographs do not rule out the diag¬ 
nosis of bronchial disease* Cats without obvious pulmonary 
infiltrates may show other radiographic signs compatible with 
bronchoconstriction, such as air trapping, flattening of the 
diaphragm, or hyperinflation of the lungs* The hallmark of feline 
bronchial disease is peribronchial cuffing caused by infiltration of 
inflammatory cells around the airways (Figure 214-3), Excessive 
mucus production and obstruction of larger airways can cause 
alveolar infiltrates, consolidating lesions, or atelectasis. 

In the stable cat with airway disease, a transoral tracheal 
wash or bronchoscopy can be performed to obtain airway 
specimens for cytology and culture. Substantial elevation of 

eosinophil and/or neutrophil percentages in airway specimens 
correlates with the severity of clinical disease 0 and so airway 
cytology can be used as a guide to therapy However, normal 
cats may have up to 25% eosinophils in BALF cells. 17 

Bacterial culture and susceptibility testing should be per¬ 
formed in all cats; however, bacteria can be isolated from a 

large proportion of healthy cats 5 (Box 214-1). Detection of 

intracellular bacteria is supportive of a true bacterial infection. 
Mycoplasma species have been isolated from tracheobronchial 
lavage samples in 21 % to 44% of cats with respiratory disease 5 ' 18 
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Figure 214-3 Lateral chest radiograph of a cat with chronic 

bronchial disease. Airway walls are thickened by peribronchial 
in fil trates. 
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the side effects of corticosteroids; however, an attempt should be 
made to achieve the lowest dose of the drug that controls signs. 
Approximately one half of cats require lifelong medication. 
Cats that cannot be orally medicated can be treated with 
intramuscular injection of a repositol corticosteroid (methyl- 
prednisolone acetate at 10 to 20 mg IM every 2 to 8 weeks), 
of inhaled steroids (fluticasone 1 IQ pg) can be considered. 
Metered dose inhalers of steroid preparations can be attached 
to a spacer chamber and administered to the cat via facemask. 
Severely affected cats usually require concurrent oral pred¬ 
nisolone in the initial stages of therapy. Eventually 

can be maintained with one actuation (and S to 10 breaths by 
the cat) twice daily. 

Alternative anti-inflammatory drugs might be beneficial in 
some cats. In an experimental model of feline asthma, cypro¬ 
heptadine, a serotonin-receptor blocker, attenuated airway 
smooth muscle in vitro constriction. 10 Serotonin levels have not 
been measured in naturally occurring feline bronchial disease; 
however, some cats may benefit from treatment with cypro¬ 
heptadine at 1 to 2 mg/cat PO BID. Cyclosporine, an inhibitor 
of T-lymphocyte activation, may attenuate bronchoconstric- 
tion and limit airway remodeling in cats with chronic bronchial 
disease 11 ; however, pharmacokinetics are unpredictable and 
blood levels must be measured weekly until the desired 
trough level is achieved. Currently there are no indications 
for use of anti-mediator drugs such as leukotriene antagonists 

or 5-lipoxygenase inhibitors in the management of feline 
bron chi a 1 disease , 11 ' 12 

Bronchodilators In some cases, bfonchoddators may 
allow a reduction of the dose of steroids required to control 
clinical signs, Terbutaline can be administered at 0.625 mg PO 
BID, Inhaled preparations of beta agonists are also available, 
Theophylline may provide some relief of signs by prevention 
of acute attacks of bronchoconstriction in predisposed cats 
by suppression of inflammation. Sustained-release theophylline 
can be administered once daily at a dosage of 10 mg/kg PO. 

Antibiotics Antibiotics should be prescribed based 
culture/sensitivity and cytology results if airway infection 
tributes to bronchial inflammation and hyperresponsiveness. 
If Mycoplasma spp. infection is suspected, a clinical trial of 
doxycydine can be prescribed while cultures are pending. 

Prevention 

Because sympathetic tone is particularly important in achiev¬ 
ing bronchodilation in the cat, beta-blockers such as propra¬ 
nolol and atenolol should be avoided if bronchial disease is 
suspected. Cigarette smoke, dusty litters, aerosol spray, and 

exposure to upper respiratory viruses may trigger dinical signs 
in susceptible cats. 

Prognosis 

1 herapy with anti-inflammatories and bronchodilators allevi¬ 
ates acute dinical signs in most cases; however, a significant 
proportion of cats will suffer a recurrence of signs. Continual 

medical management should be anticipated for many cats 
diagnosed with bronchial disease. 


Ciliary dyskinesia can also be 


an acquired or secondary 
abnormality caused by chronic respiratory disease in animals 

with PCD. Clinical signs result from ineffectual movement of 
cilia and include rhinitis, bronchiectasis, dilatation of renal 
tubules, infertility, loss of hearing, and hydrocephalus, 
Kartageneris syndrome is a specific form of PCD character¬ 
ized by the triad of situs inversus (right to left transposition of 

thoracic and abdominal organs), chronic rhinitis/sinusitis, and 
bronchiectasis. 
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Presentation 

PCD is typically diagnosed in young purebred animals. A 
higher incidence is reported in the bichon frise, but mix-breed 
dogs and cats can also be affected. Clinical signs can be 
observed within the first few weeks of life, but mild dinical 
signs might not be recognized until later in life* 20 Respiratory 
findings include chronic serous to mucopurulent nasal discharge, 
productive cough, exercise intolerance, and respiratory distress. 
Typically signs do not totally resolve with antibiotic treatment 
or are recurrent in nature. Physical examination is remarkable 
for nasal discharge, a moist cough, tracheal sensitivity, or 
adventitious lung sounds. 


some cats 


Diagnostic Evaluation 

Standard diagnostic tests reflect the severity of underlying 
respiratory infection or inflammation. Radiographic findings 
are variable and indude bronchitis, bronchiectasis, and pneu¬ 
monia, Consolidating lung lesions can develop in chronic cases. 
Growth of one or 


more microorganisms is common in dogs 
with PCD; therefore airway samples should always be cultured 
for aerobes, anaerobes, and Mycoplasma spp* to provide appro¬ 
priate antibiotic therapy* 

Diagnosis of PCD requires documentation of deficient 
tracheal mucociliary transport and abnormal ciliary structure. 
Assessment of functional ciliary transport is typically performed 
first with nuclear scintigraphy* Because Mycoplasma spp. infec¬ 
tion, acquired ciliary defects, and exposure to cigarette smoke 
can delay transport, the diagnosis of PCD is confirmed with 
transmission electron microscopy of nasal or bronchial respi¬ 
ratory epithelium or seminal samples. Normal animals can have 
structural abnormalities in 2% to 5% of cilia; therefore both 
the extent and the quality of ultrastructural abnormalities 
must be examined (Figure 214-4). Typical findings in PCD 
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PRIMARY CILIARY DYSKINESIA 




Clearance of respiratory secretions is dependent on an intact 
mucociliary elevator. Ciliary ultrastructure is composed of 
two centra] microtubules, nine pairs of outer microtubules, 
dynein arms, and connecting proteins. Primary ciliary dyski- 

(PCD) is an inherited defect in microtubule forma¬ 
tion affecting cilia of the respiratory tract, urogenital tract, and 
auditory canal. 20 
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Figure 214-4 Transmission electron micrograph displaying abnor¬ 
mal numbers of microtubules within respiratory cilia hirroutf). 
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include shortening or loss of dynein arms, atypical microtubu¬ 
lar orientation, and duplication or deletion of central or outer 
microtubule doublets, 20 . 2 1 

Culture techniques can be used to differentiate primary 
from secondary ciliary abnormalities. In cell culture, airway 
epithelial cells lose cilia as a monolayer develops. With 
pension and reculture, ciliogenesis occurs. In a patient with 
secondary ciliary defects, the regenerated cilia are normal, 
however abnormalities persist in the animal with PCD, 21 

Treatment 

The primary' goal of therapy is to control infection with appro- 
priate antibiotics and to facilitate clearance of respiratory 
secretions. Use of cough suppressants is contraindicated in 
PCD since these drugs can enhance trapping of secretions in 
the lower airway and potentiate airway inflammation. 

Prognosis 

Control of respiratory infection is essential to prevent debili¬ 
tating sequellae in dogs with PCD. Some dogs can achieve 
excellent quality of life despite defective ciliary transport. 

Pre ve nt i on 

PCD is suspected to be inherited as an autosomal 
trait; therefore clinically normal individuals could produce 
offspring with PCD. Close relatives of affected animals should 
not be included in a breeding program. 


AIRWAY FOREIGN BODIES 


Aspiration of plant material, sticks, toys, teeth, or stones occurs 
when the laryngeal reflex tails to prevent access of foreign 
objects into the trachea. Dogs that are involved in strenuous 
physical activity in rural environments are especially prone to 

aspiration. Animals with laryngeal paralysis may be more likely 
to aspirate due to a combination of poor laryngeal sensation and 
deficient laryngeal reflexes. Animals should be intubated during 
dental procedures to prevent aspiration of teeth or dental tartar. 

Presentation 

Bronchial foreign bodies cause an acute or chronic unrelent¬ 
ing cough, airway obstruction, and marked tracheal sensitivity. 
Within a variable period of time, consolidating pneumonia 
develops. A bronchial foreign body should be suspected wb 
an animal has 3 recurrent cough that partially responds to antibi¬ 
otic therapy, or when an animal has recurrent airway infection, 
particularly if anaerobic bacteria are involved* 

Diagnostic Evaluation 

Thoracic radiography will identify a radiodense foreign object; 
however, foreign bodies of plant origin are not always visible. 
Distal atelectasis or consolidation of a lung segment can be sug¬ 
gestive of foreign body obstruction, although a mass lesion, 
mucus plug, or pneumonic condition would appear similarly. 
Infection secondary to a foreign body can result in diffuse inter¬ 
stitial or alveolar infiltrates. A pulmonary abscess may be iden¬ 
tifiable as 3 discrete fluid-filled cavity encased by fibrous tissue* 
Definitive diagnosis can often be made by bronchoscopic 
evaluation of the airways. All airway segments must be evalu¬ 
ated in the search for foreign bodies, and objects can often be 
removed if there is an edge that can be grasped by biopsy or 
rat tooth forceps. Stones are a challenge to remove broncho- 
scopically, especially when they are wedged in a bronchus. In 
chronic cases of plant aspiration, the foreign body is often 
obscured by purulent exudate, and gentle lavage and suction 
of the area is required to identify foreign material. 

Airway samples are cultured for both aerobes and anaer¬ 
obes given the high likelihood of bacterial contamination. 
Animals should be Followed closely after removal of the foreign 
body since bronchiectasis may develop distal to die obstruction. 

Treatment 

Animals with bronchial foreign bodies are at risk for pulmonary 
abscess, bronchoesophageal fistula, empyema, and bronchiecta- 
sis distal to the obstruction. Lung lobectomy is often required 

for unretrievable foreign bodies, or when lung abscessation, 
bronchiectasis, or fistulation has occurred* Pleural infection 
requires thoracic drainage and usually thoracotomy. Long-term 
antibiotic therapy is based on culture and sensitivity results. 
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BRONCHIAL NARROWING 


Larger a i rwa y s m a y be com pressed by external m ass 1 esions, by 
an enlarged left atrium, or by loss of cartilaginous support of 
large in tra thoracic airways. Hilar lymph adenopathy due to 
fungal disease, grandomatous disease, or neoplasia typically 
causes dorsal compression of the airway at the carina, Left atrial 
enlargement associated with mitral regurgitation 
dynamic collapse of the left mainstem bronchus and can be a 
cause of cough in the absence of heart failure. However, the most 
common cause of airway narrowing appears to be related to 
failure of the cartilage to maintain the patency of the airways. 

Presentation 

Bronchial compression or collapse occurs more often in dogs 
than in cats. This obstructive lesion leads to a chronic, 
productive cough, respiratory difficulty, or wheezing during 
inspiration and expiration. An end-expiratory snap may be 
heard as intrathoracic airways close and open during forced 
expiration. In dogs with left atrial enlargement and mitral 
regurgitation, a systolic murmur may be present* 

Diagnostic Evaluation 

Hilar mass lesions can usually be seen on static thoracic radio¬ 
graphs; however, collapse of the mainstem bronchi or intratho¬ 
racic airways often requires fluoroscopic or bronchoscopic 
examination* Echocardiography assists in the diagnosis of left 
atrial enlargement. 

Treatment 

Hilar lymphadenopathy due to active fungal infection usually 
resolves substantially with antifungal treatment. Rare 
may require steroid therapy or surgical debulking. Collapse of 
the left mainstem bronchus due to left atrial enlargement may 
be partially alleviated by therapy directed at reduction of left 
atrial volume; however, many cases have persistent collapse. 
Chronic cough associated with deficient cartilaginous support 
is challenging to control. Cough suppressants are used to alle¬ 
viate clinical signs when infectious and inflammatory condi¬ 
tions are ruled out. 
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BRONCHOESOPHAGEAL FISTULA 


Bronchoesophageal fistula may be congenital, or acquired 
due to trauma, a penetrating esophageal foreign body, or a 
bronchial foreign body. Affected animals present with chronic 
cough and recurrent pneumonia related to aspiration of 
esophageal contents* In some cases, difficulty eating may he 
the predominant sign* Respiratory signs may be relatively 
mild, resulting in a marked delay in the diagnosis of a con¬ 
genital lesion* The diagnosis should be suspected in a young 
animal with recurrent aspiration pneumonia or a focal, recur¬ 
rent lung density. The diagnosis is confirmed by a contrast 
esophagram. Endoscopic examination via the airway or esoph¬ 
agus can occasionally detect a fistula. Surgical resection of the 
abnormal connection is required, and lung lobectomy is some¬ 
times necessary due to adhesion formation or abscessation. 
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BRONCHIAL MINERALIZATION 


BRONCHIAL NEOPLASIA 


Bronchial mineralization can occur secondary to any chronic 
inflammatory or infectious condition and is seen with bronchitis 
and bronchiectasis. Prominent mineralization of airways has also 
been reported in hyperadrenocortieism. The contribution of 
bronchial mineralization to respiratory dysfunction is unclear. 


Animals with bronchial neoplasia can present with cough, an 
obstructive breathing pattern, or panting. Respirations are typi¬ 
cally loud, and h arsh whec mg noises are heard over large airways 
compressed or occluded by mass lesions. Diagnosis and treatment 
is described under pulmonary neoplasia (see Chapter 127), 
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OVERVIEW OF DIAGNOSTIC CONSIDERATIONS 


respiratory acidosis, which is associated with cardiac arrhyth¬ 
mias and central nervous system depression. 

Blood gas analysis can also help the clinician determine the 
m ech an ism th a t dri ves th e de v el op ment of arteri a 1 hypo x emia. 
The most common mechanisms that cause arterial hypoxemia 
in small animal practice are hypoventilation, revealed by 
increased P fl COj P and ventilation-perfusion (V/Q) mismatches. 
Other mechanisms, such as right-to-left shunts, and diffusion 
barriers, are less common. Calculation of A-a differences can 
reveal underlying impairments in oxygenation coexistent with 

hypoventilation. Hypoxemia caused by V/Q mismatches or 

diffusion barriers are somewhat responsive to oxygen; hypox¬ 
emia caused by right to left shunting is poorly responsive to 
oxygen, A more complete discussion of blood gas interpreta¬ 
tion is presented in Chapter 212, 

There are many indications for oxygen supplementation. 
Animals with parenchymal or other diseases associated with 
arterial hypoxemia through any of the mechanisms noted 
above, or patients with diseases that alter hemoglobin affinity 
for oxygen (e.g,, carbon monoxide poisoning) are candidates for 
oxygen supplementation. Animals with clinical signs consistent 
with hypoxemia or tissue hypoxia, such as cyanosis, tachypnea, 
dyspnea, or central nervous system dysfunction are also poten¬ 
tial candidates for oxygen supplementation. Interested readers 
are referred elsewhere for a more comprehensive review of the 
in d i c a tio n s for oxygen su p pi erne n tation, T 

Oxygen may be administered to conscious patients via face 
masks, nasal oxygen catheters, intratracheal catheters, oxygen 
cages, or flow-by techniques. 1 The method of delivery selected 
will reflect availability, patient status, and patient tolerance. 
Increases in inspired oxygen concentration of 40% or greater 
can be achieved with these methods depending on flow rates. 
The risk of oxygen toxicity exists for patients supplemented 
with inspired oxygen concentrations of 50% for more than 
24 hours,, or 100% for more than 12 hours. If the patient s 
Pa0 2 cannot be maintained at acceptable levels, generally 
60 mm Hg or higher, on inspired oxygen concentrations less 
than 50% to 100%, ventilatory* support may be needed. 
Humidification of oxygen is advised if oxygen is to be adminis¬ 
tered for more than a few hours to reduce complications associ¬ 
ated with airway drying. Responses to oxygen supplementation 
can be made subjectively (changes in patient comfort, level of 

respi ra torv distress) or more object! vel y by repeat m easurem ent 


Dogs and cats are susceptible to a wide variety of inflammatory 
and noninflammatory diseases of the pulmonary parenchyma, 
Animals with parenchymal disease may exhibit clinical signs 
typical of lower respiratory tract disease such as cough and 
respiratory difficulty, or show no clinical signs despite some¬ 
times extensive pulmonary disease. 

When clinical Information is suggestive of pulmonary 
parenchymal disease, a relatively finite number of diagnostic 
tests become available to the clinician. Thoracic radiography will 
be the key diagnostic too! in the majority of cases. Collection of 
respiratory samples by wash techniques, needle aspiration, or 
biopsy will be appropriate in many cases. Ancillary diagnostic 
tests that are often employed in patients with respiratory 
disease include CBC, biochemical profile and urinalysis, fecal 
examinations, serologic assays, and microbial culture and 
sensitivity. The diagnostic approach to a given patient will be 
influenced by the list of likely differentials, costs associated 
with diagnostic tests, and the patient's status. Many patients 
will require initial empiric therapy and supportive measures 
(e.g,, oxygen supplementation) tor alleviation of respiratory 
distress and stabilization before proceeding with focused diag¬ 
nostic tests. A more comprehensive discussion of the diagnos¬ 
tic tools used in the evaluation of the patient with respiratory 
disease is presented in Chapter 212. 

An important diagnostic tool that is underused in small 
animal practice is blood gas analysis. The availability of 
portable bedside analyzers makes blood gas measurements 
accessible to most small animal practitioners. Blood gas analy¬ 
sis provides important information regarding two important 
functions of the respiratory system, alveolar ventilation and 
oxygenation of pulmonary arterial blood. Blood gas analysis is 
the only means to properly assess alveolar ventilation: the 

capacity of a patient to properly ventilate cannot be assessed by 
evaluation of respiratory rate or pattern or by thoracic radio- 
graphic abnormalities. Although many parenchymal diseases 
are associated with hyperventilation, some can be associated 
with hypoventilation, particularly as respiratory fatigue develops. 
Knowledge of the adequacy of alveolar ventilation has important 
treatment ramifications, Hypoventdating animals become can¬ 
didates for ventilatory support depending on the cause of the 
hypoventilation Untreated, severe hypoventilation can cause 
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of Pa0 2 or oxygen saturation by pulse oximetry. The reader 
should be aware that patients monitored by pulse oximetry 
may still have clinically important hypoventilation and hyper- 

carbia not detected by pulse oximetry when such patients 
receiving supplemental oxygen. 

As noted, ventilatory support may be needed in some 
patients with parenchymal disease. Hypoventilation not readily 
corrected, as might occur with respiratory paralysis or fatigue, 
CN$ disease, or others, is one indication for ventilatory support 
I lypoxemia refractory to supplemental oxygen administration 
is another. There are many different strategies for providing 
ventilation, which have been reviewed elsewhere 2 Short-term 
ventilatory support can be provided in most practices by use of 
an am b u bag or th e reserv oi r bag on an an esth etic m achine. 


the inside cover of this book. Pleural effusions (transudative) 
more common than pulmonary edema in patients with 
reduced oncotic pressure as a single driving mechanism. 
Pulmonary edema formation is not expected from hypoalbu- 
minemia unless serum albumin concentrations are less than 
1 g/dL Even then, subcutaneous edema, pleural effusion 
other sites of edema formation typically occur prior to pub 
monary edema. Pulmonary edema may be seen in patients 
with higher serum albumin concentrations if there is vasculi¬ 
tis, or if hydrostatic pressures increase because of impaired 
ventricular filling or excessive administration of rV fluids. 

Pulmonary edema due to increased vascular permeability 
can occur with a wide variety of pulmonary and systemic dis¬ 
orders. The edema in this case is termed mmcardiogenk and is 
usually relatively proteinaceous. 6 7 Capillary wedge pressures 
are normal. Any septic or nonseptic inflammatory condition 
any cause of vasculi tis may promote vascular damage and 
leakage Other diseases associated with noncardiogenic edema 

acute respiratory distress syndrome (ARDS, see later 
discussion), acute upper airway obstruction, electric shock, neu¬ 
rogenic edema (often secondary to seizures or head trauma), 
and hepatic disease. 1s - 8 Although the pulmonary edema that 
develops in association with many of these conditions is 
pec ted to result from increased capillary permeability, the exact 
mechanisms driving the formation of edema are for the most 
part unknown. Primary pulmonary lymphatic obstruction is 

uncommon cause of pulmonary edema and when it 
is typical ly the result of 


are 


are 


or 


PULMONARY EDEMA 


or 


Fluid accumulation in the interstitium and alveoli of the lung 
is termed pulmonary edema. The causes of pulmonary edema 
are typically divided into four major mechanisms; (1) increased 
vascular hydrostatic pressure, (2) decreased plasma oncotic 
pressure, (3) increased vascular permeability, and (4) impaired 
lymphatic drainage. Occasionally, a fifth miscellaneous or 
idiopathic category is described if edema develops without 
any apparent association with the other four mechanisms. 
When increased pulmonary venous hydrostatic pressure and 
left-sided congestive heart failure (CHF) are responsible for 
edema, the term cardiogenic pulmonary edema is often used. 
Noncardiogenk edema describes edema from other, non-CHF 
causes induced by any of the additional mechanisms listed, 
l he pulmonary parenchyma is somewhat resistant to the 
development of edema In general, the hydrostatic pressure in 
the pulmonary vascular bed is relatively low compared with 
vascular beds in other regions of the body. Normal pulmonary 
wedge pressures (an estimate of capillary hydrostatic pressure) 
are approximately 5 mm Hg. In addition, pulmonary lymphatic 
drainage is relatively high due to the continual pumping action 
of the lungs by respiration. The capacitance of the pulmonary 
. lymphatic system is large, and the lymphatic volume can gready 

expand to further increase the removal of fluid if 
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occurs 

neoplastic process or lymphangitis. 


Presentation 

Most patients will present with tachypnea and cough, or res¬ 
piratory distress and hypoxia if alveolar involvement is severe. 
Symptoms are directly related to the cause and severity of the 
edema. The character of respiration is usually that of increased 
effort noted during inspiration and expiration due to increased 
lung stiffness. Severe edema may cause coughing with expec¬ 
toration of blood-tinged fluid. Several abnormalities may he 
heard during thoracic auscultation, classically in the dorso- 
caudal lung fields. Crackles heard on inspiration and especially 
end-expiration are common; however, crackles may be absent 
early or mild edema. Lungs sounds may seem exceptionally 
quiet with very severe edema, particularly in cats. Additional 
changes reflecting underlying disease processes may be noted. 
Abnormalities of cardiac auscultation (murmurs, transient 
sounds, arrhythmias) may indicate the presence of heart dis¬ 
ease, but their presence does not always indicate an etiology 
of cardiogenic edema, A patient with a heart murmur and 
coarse crackles during inspiration without sinus tachycardia 
should be carefully evaluated for pulmonary diseases other than 
cardiogenic pulmonary edema. Patients with CHF-induced 
pulmonary edema would be expected to have tachycardia 
a result of increased sympathetic tone. Some patients with 
congestive heart failure will lack abnormal heart sounds, for 
example those with certain forms of cardiomyopathy. 


necessary. 

Alveolar surfactant surface tension helps protect against the 
development of pulmonary edema by decreasing the tendency 
for fluid to be drawn into the alveoli. Because of these protec¬ 
tive mechanisms, acute increases in pulmonary capillary hydro¬ 
static pressures must exceed 20 mm Hg before edema 
develops. 5 - 4 With more slowly developing increases in hydro¬ 
static pressure, pressures in excess of 40 mm Hg have been doc¬ 
umented without pulmonary edema. 4 - 5 In these instances, time 
allows for stretch and greater capacitance of the pulmonary 
sels, as well as an increase in lymphatic drainage to 
interstitial fluid. When fluid translocates into the interstitial 
space and lymphatic drainage cannot match the rate of fluid 
influx, interstitial edema occurs. If the pathophysiologic process 
driving the movement of fluid continues, the capacitance of the 
interstitial space is eventually overwhelmed and fluid 
lates in the alveoli. Gas exchange is impaired when airways 
become "flooded. 1 Atelectasis, decreased lung compliance and 
airway compression, consequences of pulmonary edema, all 
increase pulmonary vascular resistance. The combination of 
impaired gas exchange and increased vascular resistance create 
ventilation-perfusion mismatches, which results in hypoxemia. 

Left-sided CHF is the most common cause of pulmonary 
edema due to increased hydrostatic pressure (see Chapter 197). 
However, edema due to excessive fluid administration is not 
unusual, particularly in the setting of impaired fluid excretion 
might be seen with oliguric or a nunc renal failure. Pulmonary 
edema due to decreased plasma oncotic pressure is caused by 
hypoalbuminemja. Causes of hypoalhuminemia are listed on 
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Diagnostic Evaluation 

Thoracic radiographs, combined with historical and physical 
findings, are often diagnostic. Cardiogenic edema is character¬ 
ized radiographically by "fluffy” interstitial opacities that 
rapidly progress to an alveolar pattern. In the dog, the opaci¬ 
ties are most often distributed in the hilar and caudodorsal 
perivascular lung regions [see Figure 215-1). In the cat, these 
opacities are patchy and may be diffuse or focal. Pulmonary 
venous enlargement suggests pulmonary venous and left atrial 
hypertension consistent with left-sided CHF. Enlargement of 
the cardiac silhouette, particularly left chambers, is commonly 
present in patients with cardiogenic edema. Pulmonary edema 
caused by increased vascular permeability is also typically 
severe in the caudodorsal lung lobes. 7 The absence of cardiac 
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in severely distressed animals for which simple manipulations 
may lead to overt cardiopulmonary arrest* Oxygen may be 
administered through nasal cannula, face mask, or oxygen 
cage* Compromised patients may be best treated empirically 
based upon their initial clinical signs and presumptive diagno¬ 
sis until deemed stable for additional tests, such as thoracic 
radiographs. Sedatives can be valuable to relieve anxiety and 
decrease unnecessary oxygen consumption* Morphine sulfate 
can be administered IV at a dosage of OT to i mg/kg in dogs 
but is not suggested for use in cats. In addition to sedative ben¬ 
efits, mobilization of pulmonary edema has been attributed to 
morphine administration* Alternatively, acepromazine can be 

used in cats and dogs at 0.03 to 1.0 mg/kg IV, IM, or SQ. In 

critical cases, intubation and positive pressure ventilation may 
be necessary. 

Narcotics and tranquilizers are likely to depress the respira¬ 
tory center while severe hypoxia initiates significant anxiety. As 
with many medical states, an appropriate balance is sought. 

Diuretic therapy is particularly effective for acute relief of 
pul mona ry edema that develops from volume overload disorders 
such as CHF Furosemide, 2 to 4 mg/kg IV every 4 to 12 hours, 
can be given for clinical pulmonary edema. Diuretics may be 
less beneficial for edema that develops secondary to increased 
vascular permeability disorders such as ARDS, and caution is 
advised when administering diuretics to patients with pre¬ 
existing hypovolemia. 9 

Bronchodilators such as the methylxanthines, aminophylline 
and theophylline may be beneficial to combat bronchospasm, 
enhance mucociliary function, and diminish diaphragmatic 
fatigue. Specific therapies should be also be directed at any 
underlying etiology such as hypoproteinemia {see Chapter 199) 
or cardiac disease. 

Prognosis 

Pulmonary function and cardiac disease, if present, are moni¬ 
tored often. Thoracic radiographs should be re-evaluated 
every 24 to 48 hours; the clinician should remember that 
radiographic changes often lag behind clinical response. The 
prognosis with treatment of pulmonary edema is variable and 
depends on the severity of edema and respiratory dysfunction, 
the nature of any underlying disorders, and aggressiveness of 
monitoring and therapy. 
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Figure 215-1 Lateral thoracic radiographs of a dog with cardio¬ 
genic pulmonary edema before and after treatment. Note the left 
atrial and ventricular enlargement and the engorged pulmonary 

espeti ally left cran iai lobar vein. [A) There is an i ntereti rial 


veins 

and alveolar pattern present in the pretreatment radiograph not 
evident in the post-treatment film (B)* 


PULMONARY NEOPLASIA 


Primary Pulmonary Neoplasia 

Primary pulmonary tumors are not considered as common in 
dogs and cats as are metastatic tumors. Pulmonary neoplasia 
can be seen in animals of almost any age, although the majority 
of patients are middle-aged to older reflecting the general 
increase in prevalence of tumors in the pet population as it ages. 

Primary lung neoplasia accounts for approximately 1 % of 
all tumors in dogs, and fewer in cats. n * Most primary tumors 
of the lung are carcinomas that arise from bronchial or alveo¬ 
lar epithelium, but occasionally squamous cell carcinomas can 
be seen* 1011 Other less common primary lung tumors include 
osteosarcomas or other mesenchymal tumors* 

Presentation 

'Fhe clinical presentation of patients with lung tumors can 
be variable and may or may not reflect signs referable to the 
respiratory system* Chronic cough that is unresponsive to 

most often in dogs. Exercise intolerance, 
tachypnea, or overt respiratory distress can occur. Respiratory 
distress can result from involvement of the pleural space with 
development of hemothorax, pneumothorax, or pleural effu¬ 
sion, intraluminal obstruction or extra!uminal airway compres¬ 
sion, or pulmonary artery obstructions (inflammatory or tumor 


and pulmonary venous changes can, in most cases, distinguish 
such patients from those with cardiogenic edema. History and 
laboratory parameters are helpful in identifying underlying 
causes of noncardiogenic edema such as electrocution, sepsis, 
pancreatitis, and others* In many cases of noncardiogenic pul¬ 
monary edema, the edema is mild and not a part of the primary 
clinical complaint. Pulmonary edema resulting from decreased 
plasma oncotic pressure is typically characterized by general¬ 
ized interstitial or mixed interstirial-alveolar pattern. Pleural 
effusion may also be present and vascular congestion is absent. 

Arterial blood gas analysis typically documents hypoxemia, 
hypocapnia, and widened A-a gradient. Results of a CBC, 
serum biochemistries, and urinalysis may be helpful to deter¬ 
mine underlying causes, particularly in noncardiogenic edema. 
Lung specimens obtained by respiratory washes or biopsy often 
do not yield a specific diagnosis unless primary pulmonary 
pathology is demonstrated. 

Treatment 

The primary therapeutic goal in the management of patients 
with pulmonary edema is improvement of oxygenation while 
stress is minimized. Minimizing stress is particularly important 


antibiotics is 
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thrombus) causing ventilation-perfusion mismatches. 0 Cats 
with primary lung tumors may exhibit lethargy; anorexia, weight 
loss, dyspnea and tachypnea, wheezes, and n on-product! ve 
cough. A large proportion of cats with primary pulmonary 
plasia in one study had no clinical signs referable to the presence 
ol the lung tumor. * 1 Patients with primary pulmonary neoplasia 

can exhibit hemoptysis, 0 

Although primary respiratory signs are expected in most 
patients with primary pulmonary tumors, some will have clinical 


signs that reflect metastasis of the lung tumor to extrathoracic 

musculoskeletal structures, including the digits, 
abdominal organs, or brain. Clinical signs that develop from 
metastasis of lung tumors to other organs can thus include lame¬ 
ness, abdominal effusion, neurologic abnormalities, or others. 
Paraneoplastic syndromes that develop in conjunction with 
cither primary or metastatic lung tumors may also be responsible 
for the devel opment of clinical signs, such 
in animals with hypertrophic osteopathy (Figure 215-2) 
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sive periostea] proliferation along the metatarsal hones. 
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Figure 215^3 Right (A) and left (B) lateral and ventrodorsal 
(C) thoracic radiographs of a dog with a solitary lung mass best 
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dorsoventral imago. Three radiographic views maximize 
the opportunities to see lesions that might be obscured by the 
heart, or if in caudal lung helds, the liver (Figure 215-3]. 
Computed tomography (CT), available at many referral 
centers, can pro%Hde an extra degree of sensitivity in the 
characterization and localization of lung lesions, including 

small metastatic lesions (Figure 215-4). l ^ Ml The size of 
lesions detectable with CT is influenced by several factors, 
including the distance between slices, amount of overlap 
between slices, and the location of the lesion within the 
parenchyma, but detection of nodules less than 5 mm in size 
is possible. As with other imaging modalities, false positive 
and false negative results are encountered with CT. CT is 

compared to plain thoracic radiographs, 


Diagnostic Evaluation 

Thoracic radiographs are a key tool in the diagnostic approach 
to patients with pulmonary neoplasia. The radiographic appear- 

of primary pulmonary neoplasia varies. Abnormalities 
observed on thoracic radiographs can range from discrete nodules 
of varying size and number, to ill-defined interstitial patterns 
to consolidated single lung lobes. Radiographic patterns can be 
focal or diffuse depending on the nature of the neoplasm and 
whether there has been pulmonary metastasis. Enlargement of 

hilar lymph nodes may also be seen, -- 

When evaluating animals radiographically for which 
pulmonary neoplasia or other primary pulmonary disease 
is suspected, it may be useful to obtain three views of the 
thorax, right and left laterals, and either a ventrodorsal or 
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Figure 215-4 Computed tomo¬ 
graphic scan of the thorax of a dog 

pulmonary metastasis. Note 
the presence of numerous small 
densities in the lung periphery. 
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and general anesthesia is usually required for diagnostic CT 

images, which may be of concern in patients with respiratory 
embarrassment. 

Thoracic radiographs cannot provide cytologic or histologi 
diagnoses, so the definitive diagnosis of primary pulmonary 
neoplasia hinges upon demonstration of neoplastic cells either 
cytologic ally or his topatho logically The location of lesions 
observed radiographically can be helpful in guiding the clini¬ 
cian toward appropriate sampling techniques. Some masses, 
particularly large masses adjacent to the thoracic wait, will 
be amenable to blind fine needle aspiration using 
landmarks observed on radiographs to guide needle placement 
(Figure 215-5). Smaller masses adjacent to the thoracic wall 
may be aspirated with ultrasound guidance; the more aerated 
lung around the mass, the less amenable to ultrasound-guided 
aspiration it will be. Techniques available at some referral 
centers for nonsurgical sampling of pulmonary masses include 

fluoroscopic and CT-guided aspiration (Figure 215-6). 

Respiratory wash techniques may he considered, but may 

have poor sensitivity for focal lesions. Bronchoscopy could 

be valuable to obtain brush cytology or biopsies of lesions 

extending into the bronchial lumen. Surgical approaches such 

thoracotomy or thoracosopy can be both diagnostic and 
therapeutic. 

Fhe decision as to which diagnostic approach will be taken 
to define the origins of a pulmonary mass will be influenced 
by the features of the mass and by the client's willingness to 
tolerate expense, risk of complications, and the status of the 
patient. Transthoracic needle aspiration and tracheal wash 
comparatively inexpensive and widely accessible because 
minimal equipment is needed to perform these techniques. 

! he most common complication associated with transthoracic 


aspiration is pneumothorax (see Chapter 103), so the clini¬ 
cian should be prepared to manage the complications of 
needle aspiration. A key point to be considered when attempt¬ 
ing to establish the etiology of a pulmonary mass is that false 
negative, or even misleading, results with any of the techniques 
common. It is possible for samples collected from pul¬ 
monary neoplasms to appear as inflammatory or even infec 
tious processes on aspiration cytology or bronchoalveolar 
lavage, t 7 Thus a negative result does not at all exclude neopla¬ 
sia or other diseases that cause pulmonary masses. A patient 
may be subjected to various nonsurgical attempts at a diagno- 
and still in the end need a thoracotomy or thoracoscopy to 

establish a definitive diagnosis, 17 
Treatment and Prognosis 

The treatment for primary pulmonary neoplasia is surgical 
resection. Patients with small focal lesions can have a good 
prognosis. The prognosis for dogs is considered better in those 
patients that have solitary, well-differentiated lesions less then 
5 cm in diameter, no metastasis to regional lymph nodes, and 
no malignant pleural effusion, 10 Cats have been considered in 
general to have a poorer prognosis in the face of primary lung 
tumors, with the degree of differentiation of tumors being 

predictive of survival. 18 Patients with adenocarcinomas 
are also considered to have a better prognosis than those with 
squamous cell carcinomas. Because the prognosis of patients 
with primary lung tumors is difficult to establish without his¬ 
tologic information (tumor type and degree of differentiation, 
hilar lymph node metastasis), surgical resection can be advo- 

m the course of the diagnostic process as lung 
lobectomy will be diagnostic, provide prognostic information, 
and will be the first step in providing definitive therapy. 




c 


are 


anatomic 


sis 


as 


more 


are 


cated early i 


■ 
























• Pulmonary Parenchymal Disease I 


CHAPTER 215 


- 






r*. 


■' 




as 


i 


i J'l 


ft 






,• Vk/'i . -i ••y.'’; - 

•V’> VvikS*^ : 


» , 








* 


* 






1C-' 






i 




• ' *■ 7*\ 


k 




:* a 


& 






• ■ 


M 








7 ■ 




■ i 






*1 




f 


ffl 




sa- 






'|7! 


>. E" 




4 2 










I 


IE 


n 








t 




i 






4a 




4 














. 


2 


. 


V. • { 




r 




& 


•. ■ 




. 
























■ 


• TVL 


# 






r*a 






hi 


*JLj >>x 


h »i 


1 v. V-' 




« 




I . 




*'-Sa* 


v u 




**. v-Vv 


•. . 




w 






' V. 


• • 






■a 


• • 




4 


• ‘ Kv 


• •... •« 
• S’ ulT 




"••• 










as* 


V. 


%v .y 


SSK?S 


Ni 










.v. 


i 


Ji a. 


« ■ 


*-Hr 






A 


• • 






*• 




o* 


gassa. _ 


u*.. 


a. AS _ 


x 




7 




■ . 




ss 


I*. 




■ ’ 


ss 






.y/r 


| . .y v.. 


Xss “ 




(L« 


• 4 




Q ■ ■ 




■ 




• n n 




f 


:.%j 


0 *. 






■ • 


SH 






W¥i 








Xs 








lib 4 


■Sk ! 


T- 










* 


a. 4 






« 




ss .■ 


■ 






: - 




- r - - 


. P 










* 


• « 




r J- * 




V 






v. 


.y 


K.F 




• • 






w. 






ij <y ■». ^ w, v 


W 


» 




» 




* «k * 






•Xv 


v.; 










-» 




AA 


■:■■■: 


I 


■4 


■- 


S 


■■■ ■::;■■■. i- 


■ 


d 


v 




S 


■ ■ 








s 






EV 


S 






.■ 


. V A 


s 


wv 


4 


s 


- ■ 






■ 






s 




V. 


s 


s 




r t. 


c 


Figure 215-5 A and B, Thoracic radiographs (lateral, ventrodorsal) from a dog with primary pul¬ 
monary neoplasia. The affected lung lobe was sampled by ultrasound-guided needle aspiration. 
C, Photomicrograph of the carcinoma cells obtained by needle aspiration of the lung mass. 


lesions consistent with pulmonary metastatic disease. Because 
of the frequency with which vague clinical signs can be 
observed in dogs and cats with neoplasia that is not detectable 
by physical examination, a three-view thoracic radiograph is a 
recommended component of the initial diagnostic plan for 
such patients. 


Metastatic Lung Disease 

The respiratory system, owing to the key anatomic location of 
the pulmonary capillary bed, is a frequent site for the develop¬ 
ment of metastatic tumors of both carcinoma and sarcoma origin. 
Metastatic pulmonary neoplasia is the most common pulmonary 
neoplasia in dogs and cats* Although virtually any tumor can 
metastasize to the lungs, tumors with a high predilection for 
pulmonary metastasis include canine osteosarcomas, mammary 
carcinomas in dogs and cats, and oral and nail bed melanomas 
in dogs. 

Presentation 

Clinical signs observed in patients with pulmonary metastatic 
disease are widely variable and usually reflect the presence 
of the primary tumor. Clinical signs referable to the lower 
respiratory tract such as cough or exercise intolerance are 
frequently absent even in the face of large metastatic burdens 
(Figure 215-7). It is not unusual in the authors' experience to 
p ati ents with hi stori es of 1 cth argy, anorexia, wei ght loss, and 
unremarkable physical examinations that have radiographic 


Diagnostic Evaluation 

The diagnosis of metastatic neoplasia is often presumptive 

based on compatible thoracic radiographic abnormalities in a 

patient with a history of a histologically confirmed malignancy. 

can be surprisingly 


Radiographically, pulmonary metastasis 
variable in appearance and can run the gamut from mu 
well-defined interstitial nodules, to ill-defined interstitial pat¬ 
terns to alveolar patterns, 1 ^ Many of these patients will not 
have diagnostic tests performed to confirm that observed 

lesions are metastatic lesions. 

However, the clinician has to be careful in assuming 
observed radiographic lesions are neoplastic lesions* particularly 
in the patient that has not had a primary tumor identified. 
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Figure 215-6 Thoracic radiographs 0ateral [A], ventrodorsal (BJ) of a dog with a solitary lung 
mass deep in the thoracic cavity. This mass was successfully aspirated with fluoroscopic guidance. 


Pitfalls in such thinking include the fact that other diseases, 
such as the systemic fungal infections, occasional bacterial and 
mycobacterial infections, or hypersensitivity disorders (e.g,, 
eosinophilic granuloma) can mimic the clinical disease and 
radiographic appearance of metastatic pulmonary disease. In 

addition, patients with one malignancy can develop other 
tumors that have no relationship to previously diagnosed 
tumors, and for which diagnostic and therapeutic intervention 
would be of benefit. Definitive diagnosis of metastasis 

made using the techniques described above in the diagnostic 
approach to primary lung tumors. 

Treatment of metastatic lung disease is often unrewarding 
but could be of short-term benefit in patients that exhibit 
clinical signs referable to their pulmonary lesions. The deci¬ 
sion to treat obviously w'itl be weighed against other factors, 
such as rapidity of disease progression, quality of life concerns, 
owner wishes, and owner willingness to tolerate expense and 


complications of treatment. Treatment of metastatic lesions 

require surgical resection, best for few lesions, 
chemotherapy if not already administered for the patient’s 
primary tumor. Recently, some positive responses have been 
observed in dogs with metastatic pulmonary disease treated 
with chemotherapeutic agents or interleukin-2 via inhala¬ 
tion.^ 21 Such an approach offers the potential of treating pul¬ 
monary metastatic disease with fewer adverse effects 
occur with systemic administration of such agents. 

Lymphosarcoma 

The respiratory tract is frequendy affected in dogs with 
lymphosarcoma, although not all dogs will have clinical signs 
of respiratory disease. Radiographically, lymph osar com 
assume a variety of radiographic patters from interstitial to 
alveolar to mixed patterns (figure 215-8). The diagnosis of 
lymphosarcoma is usually made based on assessment of ocher 
organs, but the similarities of the radiographic abnormalities to 
other pulmonary diseases should prompt consideration of 
other differentials for the respiratory component. Diagnosis of 
pulmonary lymphosarcoma is often readily accomplished from 

examination of respiratory wash specimens or needle aspira¬ 
tion. Treatment of lymphosarcoma is addressed in Chapter 181. 

Lymphomotoid Granulomatosis 

Lymphomatoid granulomatosis is characterized by infiltration 
around, and invasion of, pulmonary blood vessels with pi 
morphic lymphoreticular and plasm acytoid cells. Eosinophils, 
neutrophils, and small lymphocytes are also present. 22 - 22 
Lymphomatoid granulomatosis was once considered 
immune-media ted vasculitis, but evidence in people and dogs 
now supports the classification of this disease 
lymphoma (see Chapter 181) 

granuloma formation are common, Intrathoracic lymph nodes 
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Presentation 

This disease has only been described in people and dogs. There 
is no obvious age or breed predilection, 22 Patients usually 
present with respiratory signs such as cough, tachypnea 


Figure 215-7 Lateral thoracic radiograph of a dog with 
sive pulmonary metastasis. This dog exhibited no clinical signs of 
respiratory disease. (Courtesy Dan Brown, Moscow, ID.) 


exten - 


or 


P 





















• Pulmonary Parenchymal Disease 


CHAPTER 215 


1247 








wm 




a a 




■ 


K 


*. 


■ 








w 


hs-'O t£ 






mm 




'•vrf 


v 


a . 


S3 


a * 


• a © a ■ a 


* 




a 








; 






Vi 


> 




V 




;**:?*■ 


>* 


■■ ■: 


’-V 




3*4 




I 


\ 








y [ 


: 


:’A 






[j 


fc. 


i* v. 


■ a <- 


i 




A- 




■ 




*K V 

r. 




I 


v 


■Kv,; " i * 


a a 




a. 


h 


■*. 


v ■ 














Mm 




w 




% 


Sr 


■» 










J 


«n? 








■ 




v 


a 


■ 






* 




> 










SS* 


a 


A 


4 








B 


B 


» • 




■- 






,rj, 

i A 

: yt 


■ o 




»%ai 




u 






L 


■ 




■ 




i 


6 ££ 


e a 


* 


■ V *■ 




* 


I 


V 






r 


HA 


iv. ■ 














Ng? 


■ 








L.- •■• < 




fi 


iv 




w 




w 


a 




a 




.■ 


a 




,#■ 




- ' 






•- 




■» 


*c 




y . 1 




N*br, 


t. 


" ■ ' 


r J 


, -■ 




r> 




. 






« 


M-■ 


B 


A 




W • 


■ + 






w 


St 




it 


a 


>\r 


r 


a 


ft 










I 


■ 














hcnfc 




aK-'H 


% 


t 






a » 


IV- 


• • 










A Pi 




■f 


»* 


■ 


■ 












> 




kMi. 


ga 


Vi" 13 


lT:>v 




a 










£ jr 1 






n 


f - <.Vl*+i^vK p 

M - vr ‘‘‘Vi - 

*> Y>, 




•S' 




ss» 




* r 






Bfc 






5n*J 




. 




»* 


wc 


r v j 




s 


V 


r« 


i 






t* 


_ j 






* 






B 


A 


Figure 215-8 Thoracic radiographs (lateral [A], ventrodorsal [BJ) of a dog with pulmonary lym¬ 
phosarcoma, On the lateral view there is a marked alveolar (air bronchogram in cranial lung lobe) 
and interstitial pattern. On the ventrodorsal projection, note the near consolidation of the right cra¬ 
nial lung lobe and enlarged hilar lymph node that is compressing the mainstem bronchus to the right 
caudal lung lobe. 












Malignant Histiocytosis 

Malignant histiocytosis was first recognized in Bernese moun¬ 
tain dogs but has since been recognized in other breeds such 
as golden retrievers and rottweilers, 23 2 72 B In Bernese moun¬ 
tain dogs, malignant histiocytosis has a genetic basis with 
a polygenic mode of inheritance suspected. 

Most dogs are middle-aged and exhibit respiratory signs at 
the time of presentation. Lethargy, anorexia, and weight loss 
are also common clinical complaints as most dogs have 
widespread systemic disease at the time of diagnosis. Thoracic 
radiographs commonly show multiple pulmonary nodules, 
lymph node enlargement, and pleural effusion. The disease is 
characterized by infiltration of multiple visceral organs with 
atypical histiocytes. The brain and spinal cord may also be 
affected. 31 Histopathologic examination of tissue is usually 
necessary for a definitive diagnosis. The prognosis has gener¬ 
ally been poor with standard chemotherapy protocols; how¬ 
ever, one report documented successful treatment in four 
dogs administered a human major histocompatibility complex 
nonrestricted cytotoxic T-cell line. 32 


respiratory distress, although fever, anorexia, or weight loss 
may also be noted. Clinical signs are usually slowly progressive. 

Diagnostic Evaluation 

Thoracic radiographs reveal a mixed nodular interstitial pattern. 
The pattern is typically generalized and the nodules ill-defined. 
HU an and sternal lymph node enlargement may be present. 25 
Consolidation of one or more lung 1 obes h as been reporte d. 

Cytology preparations of bronchial wash specimens or 
transthoracic lung aspirates often show a nonspecific mixed 
inflammatory response of lymphocytes, plasma cells, eosinophils, 
and mast cells. The radiographic and cytologic findings can 
be similar to those found in animals with eosinophilic pul¬ 
monary granulomatosis, neoplasia, fungal infection, or atypical 
mycobacterial infection. 23 26 Heartworm tests, fungal titers, 
and cultures are indicated to rule out other inflammatory dis- 

Definitive diagnosis usually requires surgical biopsy and 
histopathologic evaluation. 

Treatment 

Chemotherapeutic protocols described for treatment of 
lymphoma are utilized for lymphomatoid granulomatosis (see 
Chapter 181). Administration of prednisone alone is often 
unrewarding. 22 - 26 Serial thoracic radiography is used to moni¬ 
tor resolution of disease. 






29 


i. 


INFECTIOUS DISEASES 


Bacterial Disease 

Bacterial Pneumonia 

The development of bacterial pneumonia in dogs and cats 
is often viewed as a complication of a loss of one or more 
pulmonary defense mechanisms. Important mechanisms that 
protect the pulmonary parenchyma from infection include 
normal laryngeal function, cough reflex, the mucociliary 


Prognosis 

Prognosis is typically guarded due to the variable individual 

clinical responses. The small numbers of 

comparative assessment of the efficacy of different treatment 
modalities used in these patients. 


reported hinders 
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escalator apparatus of the airways, an intact respiratory 
epithelial barrier with surface IgA, and in the alveoli, alveolar 
macrophages, and IgG. 

Bacterial infection of the lung is a common complication 
of many diseases in dogs but is considered uncommon as a pri¬ 
mary pulmonary disorder, which emphasizes the importance 
of careful assessment of patients with bacterial pneumonia for 
predisposing causes. Aspiration is considered the most 
inciting cause, but other means of infection, such as hematoge¬ 
nous spread of infectious organisms, are also possible. Bacterial 
pneumonia may complicate viral respiratory infections follow¬ 
ing injury to the respiratory epithelium and disruption of the 
epithelial barrier, loss of mucociliary function, and local 
systemic immune suppression. 

Nosocomial infections become a concern in patients that 
have been in the hospital for a number of days and have risk 
factors such as recumbency, regurgitation or vomiting, and 
prolonged endotracheal tubation as would be needed for 
patients on ventilators. 33 ^ Bacterial pneumonia is considered 
a less common problem in cats as compared with dogs. 

Presentation Clinical signs of animals with bacterial 
pneumonia can he surprisingly variable. One aspect to recog¬ 
nize is that not all animals with pneumonia will exhibit clini¬ 
cal signs referable to the lower respiratory tract. Anorexia and 
lethargy are common but obviously nonspecific. Cough, 
which can be acute or chronic, tachypnea, and increased 
respiratory effort can be seen, with changes in respiratory 
character commonly reflecting the severity of underlying dis¬ 
ease. Cough in cats with pneumonia occurs uncommonly 
Some patients with bacterial pneumonia may have hemopty- 
sis. 13 Exercise intolerance is seen in some animak On physi¬ 
cal examination, there may be fever, inducible cough, nasal 
discharge, increased lung sounds, and crackles or wheezes, but 
these features are not detected in every patient. 

Other clinical signs in animals with pneumonia will 
reflect the primary diseases that put such patients at risk of 


b acteri a I 


pneumonia. Such patients may exhibit neurologic 
abnormalities, muscular weakness, gastrointestinal signs such 
Vomiting or regurgitation, or other signs. 


as 


Diagnostic evaluation The diagnostic approach to 
patient with bacterial pneumonia often involves some hema¬ 
tologic and biochemical assessment, and thoracic radiography 
as first-line tests. Abnormalities of the CBC can be variable, 
and neutrophilia with or without a left shift and toxic 
changes will be expected in many but not ail patients. 
Thrombocytopenia is associated with systemic inflammatory 
complications. There are no pathognomonic biochemical and 
urinalysis abnormalities for bacterial pneumonia, but these 
tests are often useful for comprehensive assessment of patient 

status and can give clues to diseases that are risk factors for 

pneumonia or other respiratory diseases. Abnormalities 
observed on biochemistries and urinalysis could be as much 
reflection of underlying disease as of the pneumonia itself 

Hypoalbuminemia reflecting increased pulmonary or systemic 
capillary permeability is not unusual, and animals that 
clinically dehydrated may have azotemia. It is important to 
understand that animals with bacterial pneumonia may have 
normal laboratory data base results. 

Although changes on arterial blood gas analysis will not be 
specific for bacterial pneumonia, blood gas results can be 
useful in the diagnostic assessment of patients with pneumo¬ 
nia. Arterial blood gas results will provide the clinician 
indication of the adequacy of oxygenation (PaO£i and the 
adequacy of ventilation (PaCOJ, which if severely compro¬ 
mised would suggest the need for ventilatory support. 
Evidence of ventilation-perfusion mismatches (hypoxemia, 

hypocarbia, widened A-a gradient} is expected in many 
patients. 

Thoracic radiographs are useful in the assessment of 
patients with bacterial pneumonia. The most common radio- 
graphic appearance seen in patients with bacterial pneumonia 
is an alveolar pattern (Figure 215-9) that may be focal 
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Figure 215-9 Thoracic radiographs (lateral [A], ventrodorsal [B]) of a dog with focal bacterial 
pneumonia secondary' to aspiration. Note the prominent air bronchogram in the eranioventral lung 
region on the lateral projection. Note that there is also megaesophagus. 
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tr a n strach eal washes or bronchoalveolar lavage. Cytol ogically, 
suppurative inflammation is expected, with signs of septic 
inflammation [intracellular bacteria, degenerative neu¬ 
trophils] present in some, but not all, patients. Because not 
all patients with bacterial pneumonia have bacteria or septic 
features evident on cytology, it is important to culture samples 
for bacteria, including Mycoplasma spp, If thoracic radiographs 

suggestive of abscessation, anaerobic cultures would 
also be appropriate, ideally, samples should be obtained by 
transtracheal/endotracheal washes, bronchoalveolar lavage, or 
less commonly, needle aspiration, before administration of 
antibiotics if the patient's status will allow. Collection of 
samples by alveolar lavage is especially useful for focal 
disease, particularly if performed after branchoscopic exami¬ 
nation, which can 
masses or 

and culture may be considered if respiratory wash techniques 
do not provide an etiology, if there is lobar consolidation 
evident radiographically, or if other procedures are cost 
prohibitive. 

Treatment and prognosis Treatment of bacterial pneu¬ 
monia requires administration of antibiotics. The specific type 
of antibiotic and route of administration is ideally based upon 
results of culture and sensitivity of lower respiratory tract secre¬ 
tions or exudates, and in consideration of the clinical status 
of the patient. Certain situations, such as a patient in severe 


diffuse depending on the manner in which the respiratory 
tract was seeded with bacteria. Aspiration pneumonia (see 
below) is more often associated with radiographic abnormali¬ 
ties in the cranioventral lung regions, although not all patients 
will have this distribution. Depending on the causative organ - 
, there may be pleural effusion, or soft tissue densities that 
reflect pulmonary abscesses. In severe cases, lobar consolidation 
may be apparent. Thoracic radiographs should be carefully 
scrutinized for other abnormalities that could suggest an under¬ 
lying disorder that could predispose to bacterial pneumonia such 
as megaesophagus, bronchiectasis, or neoplasia. 34 - 35 

In some patients, extra effort may be required to demonstrate 
diseases that predispose to pneumonia. In a study of cats with 
esophageal disease, many were examined for signs of respira¬ 
tory disease and required contrast esophagrams to demonstrate 
abnormalities in esophageal motility. 36 Since bacterial pneumo¬ 
nia can accompa ny almost a ny other primary respiratory disease, 
repeating thoracic radi ographs after resoi ution of pneum onia is 
important to help uncover other underlying primary diseases. 
Pa tients with recurrence of pneumoni a confined to a sin gle lung 
lobe should be suspected of diseases such as endobronchial 
foreign bodies, airway masses, or other causes of local disruption 
of pulmonary defense mechanisms (Figure 215-10). 

Although a presumptive diagnosis of pneumonia is possi¬ 
ble based on history, physical examination, and radiographic 
findings, definitive diagnosis is established from cytology and 
culture of material obtained ffom the respiratory tract by 
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are 


identify predisposing diseases such as 
foreign bodies. Fine-needle aspiration for cytology 
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Figure 215-10 A, Thoracic radiographs (lateral [A], ventrodorsal [8]) from a dog with recurring 
focal pneumonia. During bronchoscopy, grass awns (C) were found in airways of this lung lobe. 
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SECTION XU I * Respiratory Disease 


respiratory distress in which collection of samples by respira¬ 
tory washes may be dangerous to the patient, may preclude 
sample collection. Some owners may not wish to incur the 
financial costs of sample collection and analysis. In such cases, 
antimicrobial therapy may be needed on an empiric basis. 
Empiric selection of antibiotics for animals suspected of 
having bacterial pneumonia can be facilitated by knowledge 
of common bacterial isolates from dogs and cats with bacte¬ 
rial pneumonia. Organisms often isolated from the respiratory 
tract of dogs with bacterial pneumonia include Escherichia colt , 
Pasteurello. multocidt I, Klebsiella spp,, Bordetella bronchisepticu , 
Acinetobacter spp., Pseudomonas aeruginosa, Moraxella spp w 
and isolates of Staphylococcus and Streptococcus In cats, 
common isolates include P. multocida, Klebsiella spp,, Proteus 
spp., Bordetella spp, E. coti, and Srreprococri. 38 - 39 Mycoplasma spp 
frequendy cultured from dogs and cats with pneumonia. The 
role of Mycoplasma spp as primary respiratory pathogens in 
both dogs and cats has been suggested, and recent reports 

consistent with Mycoplasma spp. as a cause of pneumo¬ 
nia. 3740 ^ Less commonly, Actinomyces or Nocardia spp. 
be a cause of pneumonia without pyothorax. 

Initial empiric therapy can be further focused by morpho¬ 
logic assessment of observed organisms and gram-staining 
if available. Good empiric selections for canine and feline bacte¬ 
rial pneumonia are presented in Table 215-1. Good initial 
binations would be a beta lactam such as ampidllin 
first-generation cephalosporin and an aminoglycoside or fluoro¬ 
quinolone. An empirically treated patient that shows no clinical 
improvement, or exhibits clinical deterioration, during the first 
24 to 48 hours after initiation of treatment should be thoroughly 
re-evaluated, and another consideration given to collection of 
samples for analysis. A change in antimicrobial therapy could be 
warranted at this point, but selection becomes more difficult in 
the absence of sensitivity results. The patient exhibiting a posi¬ 
tive dinical response should be treated at least 1 week beyond 
clinical and radiographic resolution of pneumonia as radio* 

graphic improvement may lag several days behind clinical 
im provement. 


The route of administration of antimicrobials will, in most 

cases, be predicated by the patient's clinical status. Patients 

that are clinically stable and that have minimal clinical si 
of respiratory disease 


_signs 

are candidates for oral therapy adminis¬ 
tered at home. Patients that are clinically unstable will likely 
require hospitalization for administration of intravenous 
antimicrobials, ancillary therapy such as intravenous fluids, 
and oxygen supplementation. Intravenous antibiotic therapy 
should be continued until the patient has become stabilized 
and can be safely discharged on oral medications. Patients 
with esophageal disease may need prolonged parenteral 
antimicrobials or gastrostomy tubes to ensure that adequate 
tissue concentrations of antimicrobials are attained and to 
provide nutritional support. 

Administration of antimicrobials via nehulization may be 
considered in some patients, but the clinical implementation 
of this route of administration has some important limita¬ 
tions. 42 The efficacy of nebulized medications reflects 
plex set of interactions between the drug administered, the 
formulation of the drug, the device used to deliver the drug, 
and patient factors such as the characteristics of the primary 
disease, breathing patterns, and tolerance of delivery systems. 
Nebulization of antimicrobials formulated for intravenous 
may prove less effective because of an inability to achieve 
desirable particle size, or could be harmful because of changes 
in pH or other properties that, when administered 
aerosol, result in respiratory mucosal irritation or injury. The 
best products for nebulization are those medications that have 
been specifically formulated for administration via nebulizer. 
Unfortunately, few antimicrobials, other than aminoglycosides 

formulated for use in people with cystic fibrosis and 
Pseudomonas infection, 

animal patients. 

Administration of bronchodilators to patients with pneu¬ 
monia has been suggested but is not universally accepted. 
The most appropriate use of bronchodilators would be for 
patients with bronchoconstriction, which may be difficult 
to appreciate in some patients. Bronchoconstriction is not 
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Table 215-1 


Antibiotic Selections for Empiric Treatment of Bacterial Pneumonia 1 

ANTIMICROBIAL SPECTRUM 


ANTIBIOTIC 


DOSAGE, ROUTE, FREQUENCY 


Ampidllin 


Grom-positive aerobes (staphylococci, streptococci), 
Pasteurello multocida. some £ coli 
Ana erodes 

Gram-positive aerobes (staphylococci, streptococci), 
Pasteurello multocida, Bordetella bronchiseptica, 

some E coli a nd Klebsiella spp. 

Gram-negative aerobes (£. coli , Proteus spp., Pasteurello 
multocida, Bordetella bronchiseptica, some Klebsiella 
and Pseudomonas spp.). Staphylococcus tntermedius 
Gram-negative aerobes (E coli, Pseudomonas and 
Klebsiella spp., Bordetella bronchiseptica); 
Staphylococcus tntermedius 

Gram-negative aerobes (E coli, Proteus spp., Pasteurello 
multocida, Bordetella bronchiseptica , some 

Pseudomonas spp.); Staphylococcus tntermedius 
Mycoplasma spp., Bordetella bronchiseptica 
Anaerobes 


10-30 mg/kg (V, IM, PO q8-12h 


Cefazolin (or other first- 
generation cephalosporin) 


10-30 mg/kg IV, IM, PO q8-12h 


Gentamicin 


6-10 mg/kg IV q24h 


Amikacin 


10-15 mg/kg IV, IM t SQ q24h 


Enrofloxadn 


3-5 mg/kg PO, IV q24h (cat) 
5-20 mg/kg PO. IV q24h (dog) 
$-10 mg/kg PO, JV q12h 
1025 mg/kg PO q12h (cat) 

15 mgAg IV, PO q12h (dog) 

'Selection of drugs is based ideally on culture and sensitivity. Dosages may need to be altered in the face of concurrent renal or hepatic disease. 


Doxycyline 

Metronidazole 



* Pulmonary Parenchymal Disease | 


1251 


CHAPTER 215 


respiratory disease despite often extensive lesions in the lungs, 47 
The diagnosis of these diseases can be established with fluo¬ 
rescent antibody assays performed on aspirates of lymph nodes 
or bone marrow. 

Viral Diseases 

Canine Distemper Virus 

Canine distemper virus (CDV) infection can be associated 
with parenchymal disease. In CDV-infected dogs, viral infection 
may lead to secondary bacterial pneumonias. See Chapter 169, 

Canine Adenovirus ( 04 V) -2, Parainfluenza ( PT) 

CAV-2 and canine PI are not typically a cause of parenchymal 

disease, although severe cases might be associated with sec¬ 
ondary bacterial pneumonia. CAV-2 as a sole pathogen has 
been incriminated as a cause of pneumonia in rare instances. 

Feline CaUcivirus 

Feline calici virus is more often a cause of upper respiratory 
disease in cats, but has been associated with interstitial pneu¬ 
monia (see Chapter 173). 

Feline Infectious Peritonitis 

Most cases of respiratory disease caused by feline infectious 
peritonitis (FIP) are associated with pleural effusion. 
Although pyogran ul omatous pulmonary lesions are often 
seen in the setting of noneffusive FIP, most cats with non- 
effusive FIF exhibit signs referable to the eyes, CNS or liver, 
kidneys, or GI tract and are not commonly examined for 
respiratory disease,Other clinical features and the diagnos¬ 
tic approach to cats suspected oi having FIP are presented 

in Chapter 172. 

Feline Immunodeficiency Virus and Feline Leukemia Virus 
The feline retroviruses are not considered primary respiratory 
tract pathogens. Clinically affected cats, however, may 
develop parenchymal disease as a result of opportunistic 
infections or development of pulmonary neoplasia. Interstitial 
inflammation and alveolitis have been described in FIV- 
infected cats, 51 Diagnosis of underlying causes of respiratory 
disease in retroviral-infected cats will rely on the principles 
and techniques presented in Chapter 171, with treatment 
decisions based on diagnosis as well as the clinical status of the 
cat. FIV-positive cats may survive for long periods of time 
with appropriate veterinary care, so treatment decisions for 
such cats should not necessarily be based solely on the FIV 

status. 

Rickettsial Disease 

The primary rickettsial diseases of dogs and cats are infections 
caused by species in the genus Ehrlichia and Rickettsia 
rickettsii , the causative agent of Rocky Mountain Spotted 
Fever (RMSF) in dogs. RMSF causes a systemic vasculitis, and 
thus dysfunction of any organ system, including the respira¬ 
tory tract, may cause clinical signs in affected dogs. Although 
not a common manifestation of infection, respiratory signs 
of RMSF that have been described in dogs include cough, 
tachypnea, and dyspnea. 5 ^ 53 Physical examination abnormali¬ 
ties referable to the respiratory tract can include nasal dis¬ 
charge and increased lung sounds. Thoracic radiographs may 
have an interstitial pattern, or alveolar patterns if vascular leak¬ 
age secondary to pulmonary vascular inflammation is severe. 
Diagnosis is based on seroconversion or detection of organ¬ 
isms by immune hi stochemical methods, and treatment involves 
administration of tetracycline family drugs see Chapter 166). 
The canine and feline ehrlichioses are uncommon causes 
of respiratory tract disease despite the systemic nature of the 
infections. 


considered an important feature in dogs with pneumonia. In 
cats, however, inflammation is a potent stimulus for bron- 
chocons tried on, which may contribute to clinical signs in cats. 
Bronchodilators have the potential to worsen oxygenation by 
contributing further to ventilation-perfusion mismatchings 
often present in patients with pneumonia. 

Coupage may help some patients with pneumonia by 
helping loosen mucus secretions for expectoration to clear air¬ 
ways. Saline nebulization to keep respiratory secretions moist 
can be beneficial in facilitating clearance of respiratory secre¬ 
tions. Limited periods of exercise in the clinically stable 
patient that can tolerate activity may accomplish the same 
purpose. 

Occasionally, lung lobectomy may be necessary to treat an 
animal with bacterial pneumonia. There are no specific crite¬ 
ria that have been established for determination of which 
patients should receive surgery. Some candidates for lobec¬ 
tomy include patients that have focal disease that has not 
demonstrated improvement or clinical response to medical 
therapy, patients that have focally recurring pneumonia, or 
patients for which I ess-invasive methods have failed to estab¬ 
lish a diagnosis and empiric therapy has failed. Retrospective 
studies of lobectomies for pneumonia in dogs and cats suggest 
that the value of surgery may lie as much in its diagnostic 
value as its therapeutic value. In addition to its therapeutic 
potential in animals with severe focal pneumonia, surgery may 
also help rule out other concurrent diseases such as foreign 
bodies, fungal infection, or neoplasms. The best prognoses 
reported with lobectomy for pneumonia are associated with 
foreign body pneumonia, and focal pneumonia, including 
animals with lobar consolidation, for which no etiology is 
discovered. 43 44 A poorer prognosis can be expected for dogs 
with fungal or bacterial pneumonia, or the resection of large 
amounts of lung tissue. 

Zoonotic Respiratory Pathogens 

Mycobacteria Mycobacteria spp. are an important cause 
of pneumonia in dogs and cats, not necessarily because of the 
frequency with which they are seen, but because mycobacte¬ 
rial infections can mimic other diseases such as neoplasia, 
systemic fungal infections, and severe bacterial pneumonia. 
Additionally, some Mycobacteria spp. are potential human 
health hazards. The clinical presentation of dogs and cats with 
mycobacteria] infection is typically one of chronic cough 
progressing to more severe signs of respiratory disease such as 
tachypnea and increased respiratory effort. Radiographically, 
infected animals can have interstitial nodules of various numbers 
and sizes, or have prominent interstitial markings. Enlargement 
of hilar lymph nodes, lung lobe consolidation, and pleural and 
pericardial effusions may also be seen. As with other pulmonary 
parenchymal diseases, occasional animals will have hypertrophic 
osteopathy. Diagnosis of mycobacterial infection is made by 
demonstration of organisms, which are usually found in the 
cytoplasm of macrophages in samples collected via tracheal 
wash, bronchoalveolar lavage, lung aspirate, or biopsy. 
Mycobacterial nucleic acid can be detected in samples by the 
polymerase chain reaction 45 and would support a diagnosis in 
a patient with appropriate clinical signs and radiographic 
abnormalities. 

Yersinia pestis and Francisella tularensis Animals in the 
southwestern and western United States live in areas of 
endemic plague (Yerrima pesris) and tularemia [Francisella 
tularensis). Cats are particulariy susceptible to development of 
clinical plague, with the bubonic form most common. H owever, 
pneumonic forms of plague are seen with some regularity in 
endemic areas and would pose the greatest threat to people. 
Cats infected with tularemia do not commonly show signs of 
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Rrotozool Disease 

Toxoplasmosis and Neosporosis 

Pulmonary disease in cats with Toxoplasma gondii infection is 

common. In a retrospective study of feline toxoplasmosis, 

fever, dyspnea, and tachypnea were common clinical signs, 

and pulmonary lesions were identified in approximately 25% 

of cats necropsied. 54 Pulmonary toxoplasmosis can be an acute, 

fulminant, and fatal disease. Physical examination abnormalities 

reflect the multisystemic nature of the disease with increases 

in bronchial sounds or crackles during thoracic auscultation r 
cats with 


Most animals with clinical signs of respiratory disease will 
have abnormalities evident on thoracic radiographs, although 
some animals can have radiographically evident pulmonary dis¬ 
ease in the absence of clinical signs of respiratory dysfunction. 
Although the radiographic appearance of the systemic fungal 
infections can be quite variable, typical changes on thoracic 
radiographs include diffuse interstitial patterns that can organize 
into small nodules [Figure 215-11), or larger, more ill-defined 
interstitial nodules (Figure 215-12). Some animals will have evi¬ 
dence of alveolar patterns, lobar consolidation (Figure 215-13) 
peribronchiolar disease. Hilar lymph node enlargement can be 
seen in affected animals, and may occur independent of 
parenchymal lesions, especially with canine histoplasmosis. Hilar 
lymph node enlargement is also a common feature of 
coeddioidomycosis . 57 Occasionally, calcification of pulmonary 
nodules can occur with histoplasmosis. Pleural effusion can be a 
feature of any of these infections. 

For all the systemic fungi, definitive diagnosis is often 
accomplished by demonstration of organisms in exudates, 
fluid washings, and needle aspirates or tissue biopsies of 
affected organs. The exception is cryptococcosis, the diagnosis 
of which can also be made by demonstration of circulating 
antigen with serologic methods. The cytologic and histologic 
diagnosis of coccidioidomycosis can be difficult in some cases 
due to few numbers of organism present in material exam¬ 
ined, Most organisms will have to be identified within a cyto¬ 
logic background of inflammation characterized by the 
presence of neutrophils, macrophages, and depending on the 
severity of inflammation and the method of sample collection, 

evidence of hemorrhage Samples obtained by tracheal 
wash, bronehoalveolar lavage, or lung needle aspiration can be 
negative for organisms necessitating repeating the procedures 
choosing an alternative approach, including lung biopsy, to 
establish a definitive diagnosis. If sufficient material is obtained 
during sample collection, and the samples do not contain 
organisms cytologically consideration can be given to submis- 
sion of the material for fungal culture. Serologic detection of 
antibodies, particularly in suspected cases of coccidioidomycosis, 
can add support to the diagnosis. As with many antibody tests, 
positive results indicate exposure but do not necessarily confirm 
clinical disease. Antibody tests can remain positive in animals 
that have had resolution of clinical disease. 

Treatment of the systemic fungal infections centers around 
administration of antifungal drugs in the azole category (keto- 
conazole, itraconazole, fluconazole) or amphotericin B. 
Although not proven in prospective studies, the concurrent 
administration of anti-inflammatory doses of glucocorticoids 
to animals with severe disease has been advocated to limit 
clinical deterioration associated with inflammation secondary 
to the death of large numbers of fungal organisms. Extension 
of antifungal therapy for an additional 2 to 4 weeks beyond 
typical treatment times is suggested if glucocorticoids 
used, SK The prognosis is favorable in animals diagnosed and 
treated early. The presence of severe respiratory signs 
the prognosis. The reader is directed to Chapter 174 for addi¬ 
tional details regarding the treatment of these infections. 


can 


in 


respiratory component. Radiographic features of 
respiratory toxoplasmosis in cats may vary. Patterns reflect dif¬ 
fuse alveolar and interstitial disease, and areas of emphysema 
can create a patchy appearance to the lungs. There 

pathognomic laboratory abnormalities in affected cats. 

Diagnosis is supported by serologic results (increased IgM 
increases in IgG in an animal with compatible clinical disease) 
or established definitively with demonstration of organisms in 
tissues. T gondii tachyzoites can be detected in bronehoalveolar 
washings of affected cats and should be a useful technique 
for cats with respiratory signs and radiographic lesions. 1 ’ 5 
Alternatively, lung fine-needle aspiration cytology can be 
attempted to examine samples for tachyzoites. Toxoplasmosis 
in cats is discussed in further detail in Chapter 168. 

Canine toxoplasmosis is not as common as feline toxoplas¬ 
mosis and can involve the lungs with similar clinical signs and 
radiographic features as described in cats. The diagnostic 
approach would he similar to that for cats. 

Pneumonia attributable to Neospom canxnum infection has 
been described in a dog that was evaluated for persistent cough, 
fever, and diffuse i nterstiti al and focal alveolar lu ng disease. 5 *An 
antemortem diagnosis was established by observation of tachy¬ 
zoites in a lung fine-needle aspirate and confirmed on necropsy 
with imm unoh istochemistry. Th ere were no obvious predispos- 
ing factors (concurrent lung disease, immunosuppressive disease) 
apparent in tins dog. Pulmonary neosporosis appears to be 
uncommon manifest at ion ot N . azmnum infection. 


or 
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canine 
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FUNGAL DISEASE 


Systemic Fungal Infections 

The systemic fungal organisms Blastomyces dermatitidis, 
Histoplasma capsulation, Coccidiodes immitis, and Cryptococcus 
neoforrmns are notorious respiratory pathogens. Clinical signs of 
parenchymal disease are a common reason for infected animals 
to he evaluated, especially dogs with blastomycosis and 
%vith h is topi asm osis. Clinical signs of cryptococcal pulmonary 
parenchymal disease are less common as compared with the 
other systemic fungal organisms. Coccidioidmycosis is rare in 
cats, and blastomycosis is less common in cats than cryptococ¬ 
cosis or histoplasmosis. Recognition of the contributions of the 
systemic fungal infections to small animal respiratory disease is 
important because the clinical signs and radiographic features 
can be similar to other diseases such as metastatic neoplasia. 
The systemic fungal infections are easily overlooked if the din* 
ician fails to consider recent travel history of ill patients, partic¬ 
ularly those patients that reside in areas where the disease is not 

endemic More details of the systemic fungal infections 
lound in Chapter 174, 

Generally, infection with systemic fungi occurs primarily after 
inhalation of organisms present in die environment. Local infec¬ 
tion in the respiratory tract generally precedes systemic spread, 
although clinical signs of respiratory disease such as tachypnea 
and dyspnea may not be apparent until after systemic dissemina¬ 
tion has occurred. Most affected animals have a history that sug¬ 
gests slowly progressive clinical signs of multisystemic disease; 
poor response to antibiotic treatment is often a component of the 

clinical history of animals with systemic fungal infections. 


cats 


are 


worsens 


Pneu mocystosis 

Pneumocystis carinii is a fungal organism that can be found 
in the alveoli of normal animals but can cause clinical disease 
in animals with immune system dysfunction. Most reported 

in dogs have been in young (<] year) miniature dachsunds, 
although dogs of other breeds have also been described with 
the infection. 59 ^ 0 Affected dogs are evaluated for respira¬ 
tory difficulty and exercise intolerance, weight loss, and skin 
diseases i demodicosis, bacterial pyoderma) that also reflect 
systemic immune system dysfunction.^ Physical 
tion abnormalities include poor body condition, tachypnea, 
dyspnea, increased lung sounds, and skin and hair coat changes 


are 


examuia- 


CHAPTER 215 


Pulmonary Parenchymal Disease 


1253 




ns 




: 




■- 


?V- 








K-: 






*JJ 






V., 


V 






wmm m 




■ 




* 




> ■ 


■V 


. 






MS. V. 




V 


■■ 




■ . 


EcT*™-. 


■ - “■ '■% i -'Y 








■ ■ ■ 








i. 


v-:%' 


■. 










» ■ 




+■. 


% 


V 




Ti 




m 


:■ ■?? 


V- 


V. v • 

v. - v -Cl 

*S5aS- • 4 : 




:*■ ■. ■• 


V. 


t ■ 


■:> 




* 


rr. 


* 


S r 


V+. 


a 








. 








*•. 


v. 


SC 




r. 




* % 


VJ 




-V 


? v. 4 


■ 














1 


> 




»•* 














"V* 




kn- 






i 




i 






».r 


** 




% 






*■ 




u- 






* 4 ‘Jv.f 






Ti 










v -vw 


,V 


.. -• 


w 


gg§g 


Al> 


•vaS 


w 




•V 




■ ■ 






.■ 


» 


H9 


■$ 




A 


B 




Figure 215-11 Thoracic radiographs (lateral [A], ventrodorsal [R]) of a cat with pulmonary 
histoplasmosis. Note the typical nodular, miliary interstitial pattern that is frequently seen with this 
infection. (Courtesy Dru Forrester, Blacksburg, Va.) 






that reflect the secondary skin disease. Abnormalities on tho¬ 
racic radiographs can vary from diffuse, mild, interstitial, or 
bronchial patterns to more severe interstitial and alveolar pat¬ 
terns. Laboratory assessment is consistent with chronic 
inflammation (leukocytosis, thrombocytosis, monocytosis), 


except affected animals usually have low gamma globulin 
concentrations. 

Definitive diagnosis is made by observation of organisms in 
-__„, _ 0 __ _,_ BJ , or histo¬ 
logic examination of lung tissue. Additional support for the 
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Figure 215-12 Thoracic radiographs (lateral |A], ventrodorsal [B]) of a dog with pulmonary 

blastomycosis. Note the larger, more ill-defined interstitial densities, 
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Figure 215-13 Thoracic radiographs (right |A] and left [B] lateral, ventrodorsal [C]} of a dog with 
CoccUioides immitis infection in a single lung lobe. The definitive diagnosis in this dog required lung 
lobectomy and histology. 


diagnosis can come from immunohistochemical techniques, 
or polymerase chain reaction (PCR) performed on tissues from 
animals with compatible clinical signs. Treatment may be 
attempted with trimethoprim sulfa combinations (30 mg/kg PO 
ql2h for 3 weeks) or a number of other chemotherapeutic 
agents including pentamidine isethionatc and clindamycin/ 
primaquine, but relapses are common. The long-term prognosis 
is considered guarded because relapses are common. 

Aspergillosis 

Aspergillus infections are most commonly a cause of nasal 
cavity disease in dogs. However, systemic aspergill us infection 
can occasionally be seen, and when it occurs, is usually caused 
by Aspergillus terreus. Rarely Aspergillus ft cm igatus, the cause of 
nasal aspergillosis, can cause systemic infection. 62 Systemic 
aspergillosis has been described most often in German .shep¬ 
herds, which commonly present with signs of neurologic 
disease from d is kospondy litis. These dogs may also exhibit 
cough, dyspnea, and tachypnea as a consequence of pulmonary 
parenchymal infection. Diagnosis requires demonstration of 
fungal hvphae in tissues by cytologic examination of needle 
aspirates, biopsies, or respirator)' washes. Treatment requires 
administration of systemic antifungals as described for the 
systemic fungal infections. The prognosis is considered poor. 


lesions that can mimic other diseases such as metastatic 
neoplasia or systemic fungal infections. *fhe eosinophilic pul¬ 
monary infiltrates caused by parasitic pneumonia require differ¬ 
entiation from other causes of eosinophilic pulmonary diseases, 
Wien apparent, clinical signs from parasitic infection 
ally mild, with some exceptions that can be associated with 
severe and life-threatening, presentations. The 
clinical sign of respiratory parasitism 
acute or chronic Other clinical signs that can be seen include 
wheezing, tachypnea, and respiratory distress in severe 
pathogenesis of clinical signs can reflect either the direct 


% 


are usu- 




most common 




is cough, which can be 


pres¬ 
ence of die parasite or the immunologic response to the parasite. 

As with most animals that present with clinical signs of 
respiratory disease, thoracic radiographs play a role in the 
diagnosis of respiratory parasites. Radiographic features 
to most of the respiratory parasites include peribronchiolar 
infiltrates, interstitial patterns that can have a nodular appear¬ 
ance, and occasionally alveolar patterns. Other unique radio- 
graphic features of parasite infection are discussed below with 
the specific parasite. 

The diagnosis of most of the respiratory parasites is made by 
detection of eggs or larvae in tracheal wash or bronchoalveolar 
lavage fluid, or by demonstration of larvae in stool samples, typi* 
caily by the Baerm&im technique. Individual exceptions exist 
noted below. Cytologic examination of respiratory' samples typi¬ 
cally reveals a mix of inflammatory cells, widi neutrophils and 
eosinophils present in varying proportions but usually represent¬ 
ing the majority of cells present. Peripheral eosinophilia is an 
inconsistent, although common, hematologic abnormality and its 
absence should not lessen the consideration of respiratory para¬ 
sites as a differentia] diagnosis of respiratory disease if other 
aspects of the patient arc consistent. Unique features of each of 
important lower respiratory tract parasites are noted below. 


common 


as 


PARASITIC DISEASES 


The respiratory tract is the site of infection with a number of 
parasitic organisms, both flukes and helminths. As a whole, 
respiratory parasites are considered an uncommon cause of 
clinical respiratory disease in dogs and cats. The importance of 
the respiratory parasites is 


that they can cause radiographic 
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Paragonimus kelllcotti 

Paragonimus kellicotti is the lung fluke of dogs and cats. 
Animals at risk of infection live primarily in the southern, 
midwest em, and Great Lakes regions of the United States, 
although infections have been seen in other parts of the 
world. Animals become infected following ingestion of 
freshwater snail or crayfish, which serve as intermediate hosts. 
The fluke leaves the intestine and migrates to the lungs, where 
it lives in a cyst or bulla within the pulmonary parenchyma. 
Eggs from adult flukes are coughed, swallowed, and passed 
in feces to infect intermediate hosts, Animals with F. kellicotti 
may be clinically normal or be presented for coughing, which 
results from inflammatory reactions to adult flukes 
in the parenchyma and airways. Of the respiratory parasites, 
P kellicotti has potential to cause life-threatening problems 
to the affected patient if cysts rupture to cause pneumothorax 
(figure 215*14). The physical examination can reflect crackles 
or wheezes, or if a pneumothorax is present, the restrictive 
breathing pattern and decreased lung sounds typical of pneu¬ 
mothorax. In cats, wheezing may be seen from inflammatory- 
mediator induced airway constriction. 

The suspicion of paragonamiasis is raised by the obser¬ 
vation of cystic or bullous lesions on thoracic radiographs, 
which may or may not be accompanied by pneumothorax. 
Other radiographic abnormalities that can he 
common to other respiratory parasites. The diagnosis of parag- 
onamiasis is made by demonstration of fluke ova in feces by 
sedimentation techniques, which are preferred for examina¬ 
tion of feces. Intermittent shedding of ova dictates a need in 
some patients for multiple fecal examinations to establish 
definitive diagnosis. Ova may also be recovered in tracheal 
wash or broncho alveolar lavage fluid; the cytologic picture 
of such samples is characterized by mixed populations 

of inflammatory cells, including neutrophils, eosinophils, and 
macrophages. 

Drugs recommended for treatment of paragonamiasis 
are praziquantel (25 mg/kg PO q8h for 3 days) and fenben- 
dazole (25 to 50 mg/kg PO qlZh for 14 days); treatment 
may need to be repeated if fecal examinations remain posi¬ 
tive for ova. Animals with pneumothorax may require 


thoracocentesis, or thoracostomy tubes if repeated thoraco¬ 
centesis is required, 

| 

Filaroides hirthi 

Fdaroides hirthi infects dogs. Adults live in the terminal bron¬ 
chioles and alveolar spaces. The parasite has a direct life cycle, 
and larvae can develop w ithin the primary host and contribute 
to cycles of autoinfection that have the potential to create large 
worm burdens. Most infected dogs are asymptomatic, and 
as with other parasitic infections, cough is a common sign. 
Clinically affected dogs may have conditions associated with 
immune system compromise. The development of widespread 
granulomatous inflammation and destruction of respiratory 
bronchioles and alveolar units is capable of inducing respira¬ 
tory distress in occasional animals from loss of gas exchange 
regions of the hmg. H3 Interstitial infiltrates, which can appear 
nodular, as well as alveolar infiltrates, are features of thoracic 
radiographs that have been described. 63 Definitive diagnosis 
is made by detection of larvae or larva ted eggs in respiratory 
washes, or in fecal samples by Baermann or zinc sulfate 

flotation. Administration of fenbendazole (50 mg/kg PO q24h 
for 14 days) or albendazole (50 mg/kg PO ql2h for 5 days, 
repeat in 3 weeks) can be given to infected dogs, but there is 
a risk of exacerbation of clinical signs, possibly secondary to 
reactions to dying worms, 63 

Capillario aerophila 

CapiUaria aervphila parasitizes dogs and cats. Adults reside pri¬ 
marily in the trachea and bronchi. Adults deposit eggs, which 
are coughed, swallowed, and shed in feces. Most parasitized 
animals are asymptomatic; animals with clinical disease most 
often cough. Radiographic abnormalities are as described gen¬ 
erally above. The diagnosis of C. aerophila is made by detection 
of ova in respiratory washes or fecal flotation. The ova have an 
operculum at each end and are similar, though smaller, in 
appearance to the ova of the whipw r orm Trichuris milpis 
(figure 215-15), As with other of the respiratory parasites, 
intermittent shedding of ova can cause false negative results. 
Administration of fendbendazole (25 to 50 mg/kg PO ql2h 
for 14 days) is recommended. 
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Figure 215-14 Ova of Faragpnimus kelHconi. (Courtesy Bill 
Foreyt, WSU.) 


Figure 215-15 Ova of CapiUana aero phi la, (Courtesy Bill 
Foreyt, WSU.) 
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Aelurostrongylus abstrusus 

Cats are the principle hosts of Aelurostrongylus abstrusus. 
Adult 

deposited, coughed, swallowed, and shed in feces to infect 
a snail or slug intermediate host, which is eaten to complete 
the transmission cycle. Many cats are parasitized, and most are 
clinically normal Clinical signs, when they occur, are attributed 
to inflammatory reactions to the parasites. Clinical signs can 
include cough, wheezing, and overt respiratory distress. Because 
of the overlap in clinical features, cats with a presumptive 
diagnosis of M asthma" should be considered candidates for 
A. abstrusus infection. Diffuse interstitial nodules are character¬ 
istic on thoracic radiographs, and peribronchiolar and alveolar 
patterns may also be present. Diagnosis is established by detec¬ 
tion of larvae in respiratory washes, or in feces by Baermann 

technique (Figure 215-16). 

Clinically symptomatic animals may be treated with 

fenbendazole (25 to 50 mg/kg PO q24h for 10 to 14 days) or 
ivermectin (400 ug/kg SC). Administration of bronchodilators 
and glucocorticoids has been advocated to help address the 
inflammation-induced bronchoconstriction that can contribute 

to clinical signs. 1w 

Oslerus osleri 

Though not a primary lower respiratory tract parasite, Oslerus 
osleri infection has been associated with secondary bacterial 
pneumonia, likely through disruption of normal pulmonary 
defenses caused by nodules in the airways* This parasite is 
discussed more completely in Chapter 213, 

Crenosoma vulpis 

C vulpis is a lungworm that infects domestic and wild canids 
Dogs acquire the parasite through ingestion of a mollusk like 
a slug or snail, the intermediate host that contains infective 
third stage larvae. Adult parasites live in the distal aspects of 
the bronchial tree where they produce larva ted eggs that are 
coughed, swallowed and passed in feces. Infected dogs are 
seen primarily in the northeastern United States and eastern 
provinces of Canada, 65 Baermann techniques are the preferred 


method of examining feces for larvae, although centrifugal 
flotation techniques using zinc sulfate may also recover larvae 
or other parasites. Larvae and larvated eggs are usually readily 
recovered with airway washings. The preferred treatment is 
fenbendazole administered at a dosage of 50 mg/kg PO q24h 
for 3 days. Other anthelmintics such as ivermectin have also 
been suggested as effective. 65 

Anglostrongylus vasorum 

Sometimes referred to as the heartworm of France, 66 
An^osmmgy/us vasorum parasitizes the pulmonary arteries 
of dogs primarily in Europe, Africa, and Asia* Historically 
A* vasorum has not been considered a parasite of North 
American dogs; however, a recent report describes the first 
known infection of dogs in northeastern Canada. 67 Dogs are 
infected following ingestion of infected intermediate hosts 
such as snails and slugs. Adult worms shed eggs that are trans¬ 
ported to the pulmonary capillaries where larvae penetrate 
the capillary wall to migrate into the alveolar spaces. Larvae 
are coughed, swallowed, and passed in feces. 

Adult wonns cause a thrombosing pulmonary arteritis, with 

inflammatory responses contributing to the development of 

interstitial pneumonia and pulmonary hypertension. Anaphylaxis 
and consumptive coagulopathies can develop in some infected 
animals. Clinical signs reflect the pathogenesis, and signs of 
right-sided heart failure including cough, exercise intolerance, 
abdominal effusion, and hepatomegaly are possible. Animals 
with coagulopathies may have evidence of bleeding (anemia, 
hemoptysis, melon a, subcutaneous hemorrhage)* 

Radiographic abnormalities can 
above for other respiratory parasites; when alveolar patterns are 
present, they are usually more prominent in peripheral regions* 
In addition, dogs with A. vasorum may have right-sided car- 
diomegaly and pulmonary artery enlargement, ascites and 
hepatomegaly as can be seen in dogs with Dirofdaria immirts 
infection (see Chapter 206), 

Detection of larvae can he accomplished by Baermann or 
fecal flotation. False negative results are possible as larvae are 
not continuously shed. Larvae may also be detected in respi¬ 
ratory washes. Levamisole (7.5 mg/kg PO q24h for 2 days 
followed by 10 mg/kg PO q24h on the next 2 days) is consid¬ 
ered the standard treatment, but other anthelmintics, although 
known to stop fecal larval shedding, have not yet been ade¬ 
quately investigated for efficacy of killing adult worms. 66 


worms live in the bronchioles, where larvae are 
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A variety of eosinophilic disorders involving the lungs, either 
alone or in conjunction with infiltration of other organ systems, 
have been described in dogs and cats. The clinical spectrum 
reflects the extent of eosinophilic infiltration and ranges from 
disease limited to the respiratory tract to multi systemic dis¬ 
ease involving not only the lungs, but liver, kidneys, heart, and 
gastrointestinal tracts* For many affected patients, the diseases 
are believed to be a manifestation of a hypersensitivity to an 
environmental or endogenous antigen. Identification of the 
offending antigen is infrequently accomplished. 

Eosinophilic bronchopneumopathy (EB), formerly referred 
to as pulmonary infiltrates with eosinophils (PIE), is an inflam¬ 
matory disease of unknown etiology that can be seen in dogs 
of all breeds, although a predisposition in Huskies has been 
reported* 68 Affected dogs can be of any age, though the major¬ 
ity of cases are seen in young to middle-aged dogs. The primary 
clinical manifestations of EB are cough, which is often accom¬ 
panied by gagging, and difficulty breathing; mucopurulent or 
serous nasal discharge may also be seen. In the authors' expe¬ 
rience, LB is frequently associated with coughing that results 
in expectoration of thick, greenish to greenish-yellows mucus. 








r- 






-> 


r, 


■\ 




-..t* 

if 


* 






r- 




: * 




* 






r 




BfrfS 


i ■; 




fc 


vjf 




! 


H, 


f 


<4 


.V 


















s'j v 






m 








ft. 






■■ 


» 


•V >1 

Vv >•. £ . 


Vi 


■ 


* 








AT" 




* 

I 


V J. 




In 


r, 


•: . 


m 


tnc 


f. 






B9H 


IT 


Figure 215*16 AleumstrongyluS larva. (Courtesy Bill Foreyt, WSU.) 
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Figure 215-17 Thoracic radiographs [lateral [A], ventrodorsal [B]) of a dog with eosinophilic 
broncho-pneumopathy. Note the pronounced interstitial and peribronchiolar markings. 


















Occasionally dogs may also exhibit lethargy and anorexia* 
Physical examination abnormalities are typically confined to 
the respiratory tract with evidence of nasal discharge, crackles, 
wheezes or generalized increase in lung sounds heard during 
thoracic auscultation. Auscultation can be normal in some dogs. 
Radiographically, EB is characterized by a variety of changes 
including diffuse bronchointerstitial, alveolar, peribronchio¬ 
lar, or some combination of these patterns (Figure 215-17); 
bronchiectasis may be a feature of some chronically affected 
dogs. There are no pathognomonic laboratory abnormalities 
and peripheral eosinophilia, although common, is not present 
in all dogs. 

The diagnosis of EB is established by ruling out other 
causes of eosinophilic parenchymal disease such as respiratory 
or migrating parasites, bacterial 
lions, heart worm, and 
Baermann examinations, he art worm testing, culture of respi¬ 
ratory washes or lavages, and bronchoscopic and cytologic 
examination of the respiratory tract all have a role in the diag¬ 
nostic approach to EB. Bronchoscopic examination often shows 
evidence of green to green-yellow mucus adhered to airway 
walls or obstructing small airways (Figure 215-18), Airway 

mucosa may be thick to polypoid in appearance, and there 
may be airway collapse. Cytologic examination of material 
retrieved by transtracheal wash, bronchoalveolar lavage, or 
mucosal brushing typically reveals large numbers of eosinophils, 
but neutrophils and macrophages are also common inflamma¬ 
tory cells. Most dogs will have negative cultures for bacteria, 
but the role of bacteria in the disease in culture-positive dogs 
is not well defined 

Administration of glucocorticoids at immunosuppressive 
dosages is the mainstay of therapy for EB, with treatment 
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Figure 215-18 Bronchoscopic image obtained during examination 
of the dog in Figure 215-17 showing airways partially occluded with 
eosinophilic exudate. 
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lasting weeks to months in most dogs. Many dogs can be 
maintained on lower doses once the inflammation is controlled, 
and many can also become steroid-in dependent. Allergy testing 
and hyposensitization have been attempted with limited 
in reported dogs hii bu t could sti 11 be a consi deration to help 
lower glucocorticoid doses. The prognosis is generally good 
with adequate therapy given for appropriate lengths of time. 

Eosinophilic granulornatosus, primarily a disease of dogs, is 
characterized by parenchymal infiltration with eosinophils. 
Unlike EB, the infiltrates of eosinophilic granulomatosis have 
a tendency to form distinct nodules or mass-like lesions, and the 
radiographic appearance is thus similar to that seen in patients 
with systemic fungal infections or pulmonary neoplasia (see 
abovei. Clinical signs include dyspnea and cough most com* 
monly; affected patients may also exhibit anorexia, lethargy, and 
weight loss. Physical examination abnormalities can include 
abnormal lung sounds and fever. There are no pathognomonic 
laboratory features, and like EB, eosinophilia is often present, 
but can be absent in affected dogs. Thoracic radiographic 
abnormalities include pulmonary nodules of various sizes and 
numbers, hilar lymph node enlargement and mixes of other 
patterns. 0 - 1 Some, but not all dogs with EB, will have evidence 
of heartworm infection. 70 


such patients include infectious or parasitic diseases that 
have a vascular component (Rocky Mountain Spotted fever, 
FIP, heartworm), systemic fungal infections and neoplasia. 
Vasculitis has also been incriminated, though not proven, as a 
cause of thoracic radiograph abnormalities in dogs with lep- 
t os porosis, 7 ] Diagnosis is made by exclusion of other causes of 
clinical signs and radiographic lesions and by histopathoiogy. 

Cystic-Bullous Lung Disease 

Cystic-bullous lung disease is characterized by circumscribed 
regions of air or fluid occurring in the lung parenchyma. These 
lesions form as a result ol cysts, bullae, or pneumatoceles. 
Cysts are fluid or a infilled lesions surrounded by respiratory 
epithelium and may be congenital or acquired. 72 ^ Bullae are 
large areas of air accumulation formed by the loss of alveolar 
walls. 7 2 - 74 - 75 Pneumatoceles result from air entry into a necrotic 
lesion such as an abscess, granuloma, or tumor. 

Bullae may occur as a result of emphysema (bullous 
emphysema), inflammation, trauma, or appear idiopathicaily. 
Emphysema results from enlargement and destruction of 
bronchial and alveolar walls due to obstructive pulmonary dis¬ 
ease, such as some forms of chronic bronchitis. 70 The loss of 
radial traction on airway walls provided by alveoli contributes 
to airway collapse; alveoli may fill with air during inspiration, 
but negative intrathoracic pressures generated during expira¬ 
tion impair alveolar empyting from airway collapse. Collagen 
defects may predispose some animals to the formation of these 
lesions, 70 Pa ragoni mm kellicotti (the lu ng fl u ke) can cause bulla e 
and granuioma/pneitmatocele formation in dogs and cats (see 
above). 77 Any of the cystic or bullous lesions may rupture 
creating a pneumothorax (Figure 215-19), Depending upon 
the number and severity of lesions, large amounts of functional 
lung parenchyma may be lost. Large lesions may also 
press airways. 


can 


sue- 


Vasculitides 


Inflammatory vascular diseases of the lung are uncommon in 
dogs and cats. Reported cases have been associated with lym¬ 
phoid granulomatosis and systemic-hip 


us erythematosis. 
Some patients have presumed pulmonary vasculitis for which 
a cause is not discovered, hut which respond clinically to 
administration of immunosuppressive doses of glucocorti¬ 
coids, 1 ' 4 Clinical features of affected animals have been coughing, 
interstitial patterns on thoracic radiographs, and granulomatous 
inflammation on respiratory washes. Other differentials for 
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Figure 215-19 Thoracic radiographs (lateral [A], ventrodorsal [B]) of a dog with pneumothorax 

likely caused by rupture of a bulla, Multiple bullae remain evident in these projections. This dog 
had P. kellicotti infection. 
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Pres entation 

Symptoms and clinical complaints may relate to the primary 
disease processes such as chronic bronchitis or traumatic 
insult. Acute respiratory distress and tachypnea can occur 
when cysts or bullae rupture, which creates a pneumothorax. 
Occasionally cystic-bullous lung disease is an incidental find¬ 
ing on thoracic radiographs in an animal with no clinical signs 
of respiratory disease. 

Diagnostic Evaluation 

Thoracic radiographs may reveal solitary nodules or the mar¬ 
gins of cavitary lesions in the peripheral lung regions. Initially 
these lesions may be obscured by soft tissue opacity related 
to primary disease processes, or by pneumothorax causing 
collapse of the lung tissue. Pneumothorax is commonly iden¬ 
tified if a cavitary lesion has ruptured. Unfortunately bullous 
emphysema is rarely as readily apparent per thoracic radiog¬ 
raphy as it often is during exploratory thoracotomy Cytology 
from any specimens obtained via thoracocentesis (for fluid 
or air) may be helpful as Paragomntus ova might be found. 
Aspiration of a bullous lesion is not recommended due to 
the risk of inducing pneumothorax. Thoracotomy excision, 
and histopathology can be required for definitive diagnosis 
and may also provide therapeutic benefits. 

Treatment and Prognosis 

Identification and treatment of acute pneumothorax is crucial 
(see Chapter 217). Surgical exploration and removal of cavitary 
lesions may be warranted in patients in which leakage of air 
into the pleural cavity persists in the face of conservative man¬ 
agement (thoracocentesis or thoracostomy tubes), or for patients 
with recurrent episodes of pneumothorax. Removal of localized 
lesions carries the best long-term prognosis. Bullous emphyse¬ 
matous disease is difficult to correct surgically as the bulla are 
numerous and the disorder is typically progressive. PJeurodesis 
may be considered to reduce episodes of pneumothorax. 7 ^ 76 
Even though recurrence of lesions is common, survival post¬ 
surgery of greater than two years is reported. 76 When identi¬ 
fied, successful treatment of underlying diseases, such as 
chronic bronchial disease or lung flukes, carries the greatest 
likelihood of resolution. Thoracic radiographs should be mon¬ 
itored frequently for the recurrence of bulla or cysts. If bullae 
are found radiographically, treatment is generally not advised 
unless the ammal becomes symptomatic, for example develops 
pneumothorax. 


EHagnostic Evaluation 

History and physical examination abnormalities, such as frac¬ 
tures or abrasions, may suggest a traumatic episode. Thoracic 
radiographs typically reveal regional, irregular patches of 
mixed interstitial-alveolar densities. However, radiographic 
changes may be delayed for up to 24 hours following trauma. 
Pneumothorax, lung consolidation, or rib fractures can some¬ 
times be identified on thoracic radiographs. 7 * Contra-coup 
radiographic signs may occur as a result of trauma to the 
opposite side of thoracic wall. The lung Is violently moved 
across the thorax, injuring the lung opposite to the stricken 
side. Arterial blood gas results will often show hypoxemia, 
which may be worsened by hypoventilation if there are 
injuries to the thoracic bellows (ribs, intercostal muscles, 
diaphragm). Traumatic myocarditis is often concurrently 
Found in thoracic trauma cases. 7y The ECG may reveal occa¬ 
sional to very frequent ventricular premature contractions or 
sustained ventricular tachycardia. 

Treatment 

When indicated by clinical signs or results of arterial blood 
gas analysis, oxygen supplementation can be provided 
with nasal catheters, face mask, oxygen cage, or other strate¬ 
gies. Ventilatory support may be needed if hypoventilation 
contributes to hypoxemia. Specific treatment for the contu¬ 
sions is not usually necessary. Treatment for the other trauma- 
related problems, for example, blood loss or circulatory 
shock, is often more critical. Antibiotics are recommended 
for patients with penetrating chest wounds but not for rou¬ 
tine prophylaxis of animals with contusions only,® 0 Serial 
thoracic radiographs should be evaluated for the resolution 

of abnormalities. 
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Prognosis 

Prognosis is excellent ior recovery from pulmonary contu¬ 
sions, provided that other injuries sustained are stabilized and 
fluid therapy is monitored carefully. Improvement is usually 
noted within 24 to 48 hours. Secondary complications such 
as abscesses, lung consolidation, or the formation of cavitary 
lesions may occur but are unusual. 

Aspiration Pneumonia 

inhalation of fluid or gastric contents, and bacteria from the 
oropharynx often results in profound pulmonary inflamma¬ 
tion. Aspiration pneumonia can present as an acute fulminant 
illness, or a chronic and insidious process. The materials usu¬ 
ally aspirated are acidic stomach contents and food. 

Normal laryngeal and pharyngeal function typically prevent 
aspiration; however, certain diseases may alter normal iaryngeal- 
pharyngeal function and predispose to aspiration events. Local 
or systemic neuromuscular disease, irritation and inflammation 
of the oropharynx secondary to chronic reflux or regurgita¬ 
tion (i.e., megaesophagus, esophageal obstruction, esophagitis, 
chronic vomiting), and anesthesia or depressed mental states 
resulting in prolonged recumbancy and reflux, are common 
causes of aspiration pneumonia. 7 ^ 1 Impaired oropharyngeal 
function and secondary aspiration has also been associated with 
brachycephalic airway conformation. 78 ' 81 Aspiration pneumo¬ 
nia is a frequent complication of surgery for repair of laryngeal 
paralysis. 82 Accidental introduction of medications, food or con¬ 
trast agents into the trachea, or lack of patient cooperation 
during administration of such products, can also result in aspi¬ 
ration pneumonia (Figure 215-20), Administration of mineral 
oil or similar agents by owners to prevent hair balls in cats is a 
particularly dangerous cause of inhalation pneumonia. 

The severity of lung injury is related to various factors such 
as the volume of the aspirate, the pH of the aspirate (acidic 
stomach contents are especially damaging), and toxicity 
related to any particulate matter Aspirated material may 








TRAUMATIC LUNG DISEASE 


Pulmonary Contusions 

Pulmonary contusions are hemorrhages into the pulmonary 
parenchyma, most often caused by blunt thoracic trauma. 
Pulmonary contusions occur frequently in animals struck by 
motorized vehicles. Pulmonary hemorrhage can occur even 
when external thoracic damage is not detected. Hemorrhage 
occurs from traumatic rupture of parenchymal vessels with 
bleeding into the interstitium and alveoli in the region of the 
insult. Flooding of large regions oi alveoli with blood impairs 
normal gas exchange and may result in clinical signs. 

Presentation 

Acute tachypnea and respiratory distress may be noted with 
severe contusions. Tachypnea may also be the result of pain, 
pneumothorax, or cardiovascular shock, which are common 
in acute trauma patients. Crackles may be ausculted over 
the contused area. Decreased lung sounds are suggestive of 
lung consolidation or pleural space disease such as effusion 
or diaphragmatic herniation. Some patients have minimal 
clinical symptoms if only mild hemorrhage has occurred. 
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A complete blood count often reveals an inflammatory leuko- 
gram. Blood gas measurements and electrolytes may be help- 
ful in emergency management. Once the patient is stabilized, 
investigation for an underlying cause of aspiration should 
be sought. 

Treatment 

Patients presenting in respiratory distress will need immediate 
measures to improve pulmonary function. Oxygen may be 
administered via nasal cannula, face mask, or oxygen cage. 

Intubation and positive pressure ventilation may be neces¬ 
sary to overcome severely increased lung compliance, which 
increases the work of respiration. Fluid therapy is often indi¬ 
cated to treat a shock-like state. Vascular volume, blood pres¬ 
sure, and pulmonary function should be carefully monitored. 
Respiratory compromise, due to exacerbation of pulmonary 
edema from increased pulmonary capillary permeability induced 
by inflammation in response to aspiration, may be worsened 
by aggressive fluid therapy. Bronchodilators may be beneficial 
in the acute management of patients with bronchospasm. 
Methyl xanthines such as theophylline may be helpful to relax 
bronchioles, enhance mucociliary clearance, and decrease 
respiratory muscle fatigue. 

The use of corticosteroids in die management of aspiration 
pneumonia is controversial. Corticosteroids may be indicated in 
the deteriorating patient for treatment of shock. Cord eosteri ods 
decrease the inflammatory response and stabilize cell mem¬ 
branes but can also inhibit normal Lung protective mechanisms. 
If given, routine use should not be continued for longer than 
24 to 48 hours. There is no evidence in people to support pro¬ 
phylactic use of antibiotics in patients with aspiration pneu¬ 
monia as aspirated gastric contents are typically sterile/ 4 
Although secondary bacterial infection is common, the devel¬ 
opment of resistant infections may be encouraged if antibiotics 
are used initially/ 4 The benefits of prophylactic antibiotics 
must be weighed against their potential risks. Antibiotic ther¬ 
apy ideally should be administered according to cytology 
or culture results obtained from wash or aspirate specimens. 
Attentive monitoring and serial radiographic, cytologic, and 
microbiologic analysis may be needed for some patients, par¬ 
ticularly those with protracted illness or that exhibit clinical 

deterioration. 

Measures should be taken to prevent further aspiration. 
Endotracheal intubation may be necessary to protect the 
airway if the patient Is anesthetized or has an altered state of 
consciousness. Feeding tubes may need to be repositioned, or 
nasogastric or gastric tubes may need to be placed to facilitate 
removal of large volumes of gastrointestinal secretions. 
Institution of'‘upright” feeding for patients with esophageal or 
pharyngeal disorders may be beneficial, as may feeding through 
gastrostomy tubes. 

Prognosis 

Prognosis can vary widely depending upon the condition of 
the animal, the severity of lung injury, and the underlying 
cause of aspiration. Animals that aspirate a small amount of 
barium or mineral oil may have an excellent prognosis. Long¬ 
term complications may occur with aspiration pneumonia such 
as lung abscess, granuloma formation, or consolidation of lobes. 
Lung lobectomy may be indicated in these cases to eliminate 
sources of persistent or recurrent infections. 

Near Drowning 

Near drowning occurs with aspiration of water during submer¬ 
sion. Normal reflexes and input from higher neurologic centers 
cause cessation of ventilation under water; however, increased 
levels of carbon dioxide in the bloodstream eventually stimu¬ 
late breathing efforts. Typically, only small volumes of water 
are typically aspirated resulting in severe pulmonary damage. 


Figure 215-20 Lateral thoracic radiograph of a cat with severe 
barium aspiration. 


cause several reactions. Obstruction and collapse of alveoli, 
pulmonary hemorrhage and edema, influx of inflammatory 
cells, necrosis of airway epithelial cells, and reactive bron¬ 
cho constriction are common sequels to aspiration. Infection 
frequently develops due to aspiration of oropharyngeal bacte¬ 
ria or impairment of pulmonary defense mechanisms from 
lung injury (see Bacterial Pneumonia), 7881 

Presentation 

Patients are usually evaluated for an acute onset of respiratory 
distress, tachypnea, and cough, although some animals will die 
acutely from airway obstruction. There may be a sudden onset 
of coughing prior to respiratory distress. Some patients are 
evaluated for chronic, progressive respiratory signs. Systemic 
si gn s such as fe ver, inappetence, leth argy, and shock are com m on. 
Inspiratory and expiratory crackles and wheezes are usually 
auscuJted in the cranioventral lung lobes. Cats are especially 
prone to wheezes from bronchospasm secondary to airway 
inflammation. 


83 


Diagnostic Evaluation 

A history of chronic vomiting, regurgitation, or medication 
administration that precedes the development of respiratory 
signs allows a presumptive diagnosis. Thoracic radiographs may 
support the diagnosis. Pulmonary opacities may be diffuse or 
focal, interstitial to alveolar. Increased alveolar opacities and 
consolidated regions are more common in the cranioventral 
and middle lung lobes {dependent areas) but can occur in any 
lung lobe, depending on the nature of the material aspirated 
and the position of the patient during the aspiration event. 
Nodular opacities may be noted in chronic 
which large solid particles have been aspirated. A miliary 
nodular pattern may be found in animals that have aspirated 
mineral oil mimicking neoplastic, fiingaj or parasitic disease. 
Depending on the material aspirated, evidence of aspiration 
may be inapparent initially on thoracic radiographs, but then 
pulmonary opacities develop over the ensuing 24 houns* 
Respiratory secretions obtained by broncho alveolar lavage 
or transtracheal wash are warranted in most patients and 
should be evaluated for cytology and submitted for microbial 


cases nr cases in 


culture and sensitivity, Transthoracic aspirates may also be 
helpful, particularly when consolidated lesions are noted on 


thoracic radiographs. Cytology is typically characterized by a 
predominance of neutrophils and some hemorrhage. Bacteria 
may or may not be present. Particulate matter (e.g. , food) may 
found in the wash materials. Bronchoscopy may he performed to 
examine airways and remove large pieces of foreign material. 
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Many mechanisms contribute to lung injury* 85 86 Aspiration of 
water dilutes surfactant, collapses alveoli, decreases lung com* 
pliance, and severely impairs oxygenation. Near drowning 
from inhalation of salt water exacerbates fluid flux into alve¬ 
oli due to the hypertonicity of the solution. 85 86 

Laryngospasm occurs in about 10% of cases and prevents 
aspiration of water and "dry drowning" results. 85 86 Aspiration 
of bacteria or chemicals in the water or vomitus, may con¬ 
tribute further to pulmonary parenchymal injury and predis¬ 
pose to secondary pneumonia. Severe hypoxia may cause 
profound neurologic disturbances from cerebral edema 
herniation. ARDS (see discussion below) can occur up to 24 
to 48 hours after a near drowning episode, 85 ’ 87 

Presentation 

Patients are classically presented following a rescue. A loss of 
consciousness and severe respiratory distress or arrest is typi¬ 
cal. Cardiovascular shock and hypothermia are commonly 
noted and require prompt attention. Auscultation may reveal 
inspiratory and expiratory crackles and wheezes, or excep¬ 
tionally quiet lung sounds may be noted. Neurologic abnor¬ 
malities and altered mentation may signify cerebral edema. 


epithelial cells, decreased mucociliary clearance, and secondary 
bacterial colonization leading to tracheobronchitis and pneu¬ 
monia^ 88 if thermal injury occurs, lesions are usually found 
rostral to the vocal cords because dry air has low heat carrying 
capacity. Carbon particulate matter can attach to airway 
surfaces, which results in impaired mucociliary function and 
contributes to bronchospasm. Numerous compounds of the 
gaseom by-products of combustion, when inhaled, are respon¬ 
sible for chemical injury, which contributes more to lung injury 
than does thermal injury.® 8,83 Carbon monoxide inhibits oxygen 

binding to hemoglobin, reducing oxygen uptake in red blood 
cells, which results in severe tissue hypoxia. Hydrogen cyanide, 
hydrogen chloride, and aldehydes are irritants that cause pro¬ 
found airway edema and bronchospasm. in addition, hydrogen 
cyanide interferes with cellular aerobic metabolism compound¬ 
ing tissue hypoxia. Anaerobic metabolism and the generation of 
lactate and metabolic acidosis ensues, 90 

Presentation 

Patients are classically presented following a rescue. Animals 
may have singed hair, and the presence of soot and smell of 
smoke on the fur. A loss of consciousness, and severe respiratory 
distress or arrest is common. Upper airway stridor may be heard 
in patients with laryngeal edema. Ocular and nasal discharge, 
and comeal edema are often present. Mucous membranes may 
he bright red due to carboxyhemoglobin, or cyanotic. Some 
patients have minimal signs on presentation but may develop 
severe respiratory compromise 24 to 36 hours later due to 
laryngeal edema, release of inflammatory mediators, decreased 
mucociliary function, infection or AJiDS. 90 

Diagnostic Evaluation 

Thoracic radiographs may be normal initially but can progress 
to a patchy interstitial pattern and alveolar pattern. These 
changes correlate with the development of pulmonary edema 
and pneumonia. Likewise, arterial blood gas analysis may be 
normal in the acute phase of injury, but PaO? levels will drop 
as pulmonary' injury progresses. Pa0 2 must be interpreted 
cautiously in animals with carbon monoxide poisoning, as 
PaO, is a measure of the amount of oxygen dissolved in plasma, 
in patients with carbon monoxide poisoning, Pa0 2 may be 
normal, but the patient may still manifest severe arterial hypox¬ 
emia because carbon monoxide interferes with oxygen satura¬ 
tion of hemoglogin decreasing the total carrying capacity of 
oxygen. It is important to remember that carboxyhemoglobin 
is not distinguished from oxyhemoglobin with pulse oximetry, 
which could give a falsely high impression of the degree of 
hemoglobin saturation. 

Assessment of carbon monoxide toxicity can be accom¬ 
plished using a co-oximeter, available at most human hospitals, 
to measure blood carboxyhemoglobin levels. 90 In the early 
stages of smoke inhalation, cytology from bronchial washings, 
and hemograms and biochemical profiles are unremarkable. 
These tests may become useful in chronically managed cases 
to screen for secondary bacterial infections and metabolic 
complications. Cardiac and neurologic status should also be 
carefully monitored in critical patients. 


or 


Diagnosis is based on the history of rescuing the patient from 
the water. Thoracic radiographs reveal a generalized, mixed 
interstitial-alveolar pulmonary pattern. Radiographic changes 
may not be apparent until 24 to 48 hours after the near- 
drowning episode. The presence of radio-opaque material in 
the airways (sand hronchograms) is a poor prognostic indica¬ 
tor. 86 Bronchial wash and cultures are indicated if there is 
suspicion of secondary bacterial infection. 

Trea tment 

Ventilation is provided as soon as possible. CPR or mouth- 
to-muzzle resuscitation may be required during initial rescue. 
The Heimlich maneuver is not recommended due to the 
possibility of aspiration of stomach contents. 87 As soon as 
available, oxygen may be provided with a nasal cannula, face 
mask, or oxygen cage. Positive pressure ventilation is often 
required due to the profound decrease in lung compliance. 
If neurologic symptoms are present after metabolic stabi¬ 
lization, treatment for cerebral edema may be warranted 

(see Chapter 191). Animals that have been resuscitated 
should be observed in the hospital for up to 24 hours for the 
development of ARDS, Respiratory function and metabolic 
and neurologic status are followed closely. 

Prognosis and Prevention 

A poor prognosis is associated with coma, blood pH less than 
7.0, the need for a CPR episode, and mechanical ventilation. 87 
Educating clients as to the risks of allowing young dogs 
the water is especially important; one study revealed that 
half the dogs presented for near drowning were 4 months old 
or younger. 07 Cold water and rapid currents are particularly 
exhausting. 

Smoke Inhalotion 

Smoke inhalation causes direct injury to the airways and lung 
tissue due to heat, particulate matter, and combustion gases. 
Household fires are the most common cause of smoke inhalation 
injury in dogs and cats, A compounding factor in the patho¬ 
genesis of smoke inhalation is the secondary injury that occurs 
from the release of pulmonary inflammatory mediators. 

In the acute phase (0 to 36 hours) of smoke inhalation, 
piratory signs are caused by tissue injury, increased capillary 
permeability, mucosal edema, and tissue hypoxia. By 2 to 4 days 
post-injury, tissue edema begins to resolve. During this later 
phase, there is an increase in mucosal secretions, sloughing of 
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Treatment 


As stated earlier, animals that are rescued from fire should be 
observed for at least 24 to 48 hours for progressive pulmonary 
injury. Patients that present with severe laryngeal edema and 
obstruction may require tracheostomies. Oxygen supplemen¬ 
tation should begin 


as soon as possible. Carbon monoxide is 
eliminated by the lungs and elimination is greatly facilitated 
by 100% oxygen administration. The half-life of carboxy- 
hemoglobin is 4 hours in room air and 30 minutes in 100% 
oxygen. Oxygen should he administered until blood carboxyhe- 
moglobin concentrations are less than 10%. w Positive 


pressure 
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ventilation may be required in critical cases. Airway humidifica¬ 
tion and physiotherapy [chest coup age] may also he warranted. 

Bronchodilators are sometimes used in the management of 
smoke inhalation. Ideally, antibiotic therapy should be based 
on documentation of infection by culture and sensitivity testing. 
Prophylactic therapy is generally not recommended because 
of predisposition to resistant infections. 1 ^ 1 Corticosteriods may 
be indicated in cases of acute cardiovascular shock; however, 
routine administration should be avoided due to their inter¬ 
ference with tissue healing and protective mechanisms. 

Fluid therapy is often indicated to restore lost circulatory 
volume and maintain tissue perfusion. Crystalloid or colloid 
solutions may be necessary to combat shock. If the animal has 
also suffered surface bums, aggressive fluid therapy will be 
needed. Fluids are administered with caution to smoke inhala¬ 
tion patients because pulmonary capillary leakage will predis¬ 
pose to pulmonary edema and worsening of respiratory function. 
Analgesics are indicated particularly if cutaneous burns coex¬ 
ist with smoke inhalation injury. 

Prognosis 

The prognosis ranges from good to grave depending upon the 
severity of the inhalant injury* In a study of 27 dogs with 
smoke exposure, 17 out of 17 dogs that had improvement or 
no change in respiratory signs during the first 24 to 48 hours 
after exposure were discharged from the hospital* 91 In this same 
study, dogs with deterioration in signs in the 24- to 48-hour 
period after hospitalization died or had prolonged stays in 
the hospital. The prognosis progressively worsens with severe 
respiratory disease requiring positive-pressure ventilation, the 
presence of neurologic signs, and cutaneous horns. Infection 
(pneumonia) and sepsis are common causes of death. 


extreme anxiety are commonly noted. Crackles and wheezes, 
particularly on end-inspiration and throughout expiration, are 
classically heard in the hilar and dorsocaudal lung fields. 
Sometimes lung sounds are quieter than normally expected, 
particularly if the patient is hypovolemic* There may he other 
physical examination abnormalities, such as fever or evidence 
of trauma, that reflect underlying causes. 

Diagnostic Evaluation 

ARDS is suspected when the patient demonstrates an onset of 
respiratory signs hours to days following a precipitating event. 
Thoracic radiographs usually reveal generalized interstitial or 
mixed patterns consistent with noncardiogenic pulmonary 
edema. Left cardiac and pulmonary venous silhouettes are 
typically normal unless another (cardiac) disorder is present 

[Figure 215-21). 

Echocardiography is a noninvasive tool that may provide 
information to help differentiate ARDS from other causes of 
pulmonary edema. Echocardiography can rule out left atrial 
and ventricular abnormalities that could be associated with 
high-pressure (cardiogenic) pulmonary edema, which is a 
common differential diagnosis, Echocardiographic evidence of 
acute pulmonary hypertension may support a diagnosis of 
ARDS. Expected findings include a poorly contracting right 
ventricle, tricuspid regurgitation (TR), which is often present 
secondary to acute geometric changes of the right chambers 
(dilation), and elevations in right ventricular systolic pres¬ 
sures. Tricuspid regurgitation velocities can estimate right ven¬ 
tricular systolic pressure, and thus pulmonary arterial systolic 
pressure, which is increased in ARDS. Leftward shifting of the 
interventricular septum is sometimes demonstrated* The main 
pulmonary artery may appear dilated. Pulmonary capillary 
wedge pressure, if measured, is low (<18 mm Hg) with ARDS, 
but elevated with cardiogenic pulmonary edema. 

Edema fluid analysis may provide useful information in the 
early stages of ARDS, Fluid may be suctioned from the air¬ 
ways via tubing passed through an endotracheal tube* The 
ratio of protein content of the edema fluid (E) to the protein 

content in plasma (P) in ARDS is 79% to 90%, while the E/P 

ratio in cardiogenic edema is less than 50%* 97 

Trea tment 

The mainstay of ARDS treatment is addressing the underlying 
condition if known. Oxygen therapy is essential. Intubation 
and mechanical ventilation are quite appropriate and often 
needed for ARDS patients so that positive end-expiratory 
pressure (PEEP) can be delivered* PEEP can help prevent 
alveolar collapse in ARDS patient and relieves the patient of 
the work of respiration in the face of poorly compliant lungs, 
ft also diminishes the need for high inspired oxygen concen¬ 
trations to maintain acceptable levels of oxygen saturation, 
thus lowering the risk of oxygen toxicity, 

A low-normal circulatory volume should be maintained 
with cautious fluid therapy. The smallest volume of fluids that 
maintains cardiac output and arterial blood pressure should 
be administered. Overzealovis fluid therapy may worsen pul¬ 
monary edermi and hypoxemia. A Swan-Ganz or other hemo¬ 
dynamic measuring catheter may be used to monitor cardiac 
output, and pulmonary capillary wedge ancl right heart pres¬ 
sures . Central venous pressures can be misleading as an esti¬ 
mate of volume status if significant pulmonary hypertension 
exists. Serial measures of arterial blood pressure, packed cell 
volume, total protein, electrolytes, BUN, and creatinine may 
be useful to monitor hydration status. Nutritional support and 
good nursing care, especially of recumbent animals, would 
also be crucial to successful therapy particularly for patients 
surviving the initial period of ARDS. Because of the demands 
these patients place on clinical staff referral of these patients 
to tertiary care centers would be appropriate* 


IDIOPATHIC AND MISCELLANEOUS LUNG 
DISORDERS 


Acute Respiratory Distress Syndrome 

Acute respiratory distress syndrome (ARDS) causes acute 
hypoxemic respiratory failure as a result of lung injury and 
increased pulmonary capillary permeability* ARDS is not a 
disease entity by itself, but rather a syndrome that develops 
secondary to numerous, usually critical, illnesses. Sepsis is the 
most common cause ol ARDS in people, and has been identi- 

as a common cause of ARDS in dogs.*- 92 Other well- 
described associations include aspiration of acidic substances 
(e g., gastric secretions) or inhalation injury, multiple transfu¬ 
sions, shock, pancreatitis, microbial pneumonia, drug reaction 
or overdose, and major trauma or surgery. B - 92 ^ 

Although ARDS is a well-described syndrome* particularly in 
people, the pathogenesis of the syndrome is still poorly under¬ 
stood. Exudation of proteinaceous fluid into the mt erstitum in 
the early phase of ARDS occurs as a result of increased capillary 
permeability from either direct or indirect injury to the alveolar 
epithelium or pulmonary capillary' endotheliumThe inflam¬ 
matory response that accompanies such injuries can involve all 
lung parenchyma. In the later phases ol ARDS (7 to 10 days post 
insult), increased numbers of inflammatory cells, hyaline mem¬ 
brane formation, and fibrosis with increased dead-space fraction 
are characteristic. 9 * 92 Severe hypoxemia that is characteristically 
refractory' to oxygen supplementation is typical due to arteri¬ 
ovenous shunting and ventilation/perfusion irregularities. 
Pulmonary hypertension occurs as a result of hypoxic vasocon¬ 
striction and capillary obstruction from microembolization, 9 

Presentation 

Most patients present with acute, severe respiratory distress 
and tachypnea within 24 hours of the precipitating cause, 
although delays ol up to 3 days may occur. Tachycardia and 
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Figure 215-21 A left lateral [A] and dorsoventral [B] radiograph of a 10-year-old dachshund 
diagnosed with ARDS secondary to trauma. Note the severe, generalized interstitial opad ti es, Th is 
dog had a history of mitral valve endocardiosis, thus left-sided cardiomegaly is seen here. The pul¬ 
monary veins are not enlarged as would be expected with left-sided CHF and airway fluid aspira¬ 
tion revealed an E/P ratio of 86% consistent with ARDS* ARDS was con Armed on necropsy. 




^0 










Corticosteriods are of unconfirmed benefit in ARDS 
patients. Diuretics may be helpful in the initial phase, but are 
ot no benefit in the latter phase of ARDS (more than 5 to 
7 days).®^ 5 Careful attention to hydration status Is required 
with diuretic therapy. Administration of nitric oxide as an 
endogenous mediator ot vascular smooth muscle relaxation is 
under investigation/' 7 Improvements in parameters of serial 
arterial blood gas analysis and thoracic radiographs may be 
helpful in the assessment of improving status. 

Prognos is 

ARDS patients typically progress rapidly and are notoriously 
fragile patients. Death can result from respiratory failure, or 
complications of ARDS and the underlying disease. The prog¬ 
nosis with severe or chronic ARDS (>3 days) is generally poor. 

Lung Lobe Torsion 

Lung lobe torsion is the rotation of a lung lobe around its long 
axis. The exact mechanism that results in increased mobility 
of a lung lobe is not known. Lung lobe torsion may be idio¬ 
pathic, particularly in large, deep-chested breeds of dogs; how¬ 
ever, toy breeds are sometimes affected : 4 *** Afghan hounds 
were overrepresented in one study w Torsion can also be asso¬ 
ciated with several initiating events* Pleural effusion of various 
causes, thoracic surgery and manipulation of tissues, or trauma 
causing sudden lung lobe compression may predispose to 
rotation of a lung lobe. 72 ^ 

Rotation of the lung lobe at the hilus strangles the 
bronchus and vascular pedicle, which obstructs ventilation and 
venous drainage. Because the artery usually remains partially 
patent, progressive lobar engorgement with blood occurs and 
the lobe becomes an expansile mass. Increased hydrostatic 


pressure (venous congestion) causes exudation of bloody fluid 
into the pleural space. Pleural effusion may further impair tidal 
volume and respiratory performance. Mild blood loss 
can be observed. Necrosis, fibrosis, and shrinkage of the lung 
lobe may eventually occur. 

Presentation 

Clinical signs of pre-existing pulmonary or pleural space dis¬ 
may be present in the history. Clinical signs caused by the 
torsion are usually acute and progressive. Respiratory distress, 
tachypnea and cough, with or without hemoptysis, are 
common presenting complaints. Other systemic signs, such as 
hypotension, collapse, or fever and lethargy may be present. 

Diagnostic Evaluation 

Signalment may provide helpful clues, as deep-chested breeds 
such as sight-hounds appear to have an increased incidence of 
idiopathic lung lobe torsion* Physical examination abnormalities 

are compatible with pleural effusion (see Chapters 1, 54, 57). 

The appearance of thoracic radiographs may vary depending 
upon the stage of the disease. Pleural effusion usually obscures 
parenchymal detail. The pleural effusion may be removed 
and the thorax reradiographed, at which time lobar consoli¬ 
dation is typically noted. Air bronchograms may occur early, 
but air is reabsorbed with prolonged collapse Rounding of 
the lung lobe edges is noted as the lung becomes engorged. 
The bronchus may lie in an improper anatomic plane* Pleural 
fluid analysis is consistent with a hemorrhagic modified 
transudate (see Chapter 57). Underlying conditions may be 
suggested by other laboratory abnormalities, for example 
hypoproteinetma associated with protein-losing enteropathy 
resulting in pleural effusion, Rronrhoscopv is sometimes 
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needed to verify rotation of the bronchus. Surgical exploration 
may be necessary to confirm the diagnosis in some cases. 
Histopathologic examination of the excised lung lobe should 
be performed to rule out underlying primary parenchymal 
disease such as pneumonia or neoplasia. 

Treatment 

Immediate improvement in tissue oxygenation is usually needed, 
thus supplemental oxygen is often indicated. Removal of exces¬ 
sive pleural fluid will enhance lung expansion and respiratory 
performance. Thoracostomy tubes may be warranted in some 
cases. Circulatory function can be supported with IV fluid ther¬ 
apy as needed to maintain hydration and systemic blood pres 
sum Surgical resection of the affected lobe is typically curative. 

Prognosis 

Prognosis is typically good with lobectomy but underlying 
conditions may require additional therapy and monitoring. It 
has been suggested that the long-term prognosis may be poor 
in dogs that develop lung lobe torsions in association with 
chylothorax. 

Pulmonary Mineralization 

Mineralization of the airways or pleura can occur in aged dogs of 
any breed and is often an incidental finding. Chondrodystrophic 
dogs may demonstrate airway mineralization at an earlier 
age, 47 Nodular pulmonary parenchymal mineralization of 
unknown etiology is occasionally misinterpreted as metastatic 
neoplasia. The nodules may be few or numerous and diffusely 

distributed (Figure 215-22). They are typically discrete and 

non progressive and are not associated with lung pathology. 
Mineral opacities can also occur in areas of intense inflam¬ 
mation, or in necrotic lung lesions. The opacities usually occur 
in the center of mass lesions resulting from fungal infections, 
parasites, tuberculosis, or neoplastic disease. 100 Necrotic lymph 
nodes can also undergo mineralization and mineral-like opacities 
can be seen in regional lymph nodes from prior barium aspira¬ 
tion. Occasionally systemic disease such as renal secondary 
hyperparathyroidism and hyperadrenocorticism can cause 

* mineral deposition in lungs and other organs. 
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Figure 215-22 A right lateral radiograph of a dog with pul¬ 
monary mineralization, Note the multiple discrete opaque nodules, 
especially prominent over the cardiac silhouette. 
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Pulmonary Fibrosis 

Interstitial lung diseases are poorly characterized in veterinary 
patients. Pathologically, interstitial fibrosis is characterized 
by alveolar septal fibrosis, interstitial fibrosis, epithelial hyper¬ 
plasia, and focal calcification. Inflammation (lymphocytes and 
macrophages) is a variable finding, 101 ' 103 In humans, these 
findings can he th e resul t of numerous types of pulmonary inj ury; 
however, in over 50% of cases, no cause is identified d°U 02 The 
term idiopathic pulmonary fibrosis is often used to describe this 

disease in animals. 

Idiopathic pulmonary fibrosis was first described in West 
Highland white terriers, but recent reports have suggested that 
other breeds of dogs may be affected, particularly Staff ordshire 
bull temers. 1 107 A form of idiopathic pulmonary fibrosis 

has now also been described in cats. 10 * Dogs usually present 
with chronic and progressive pulmonary signs such as dyspnea 
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Figure 215-23 Left lateral [A] and dorsoventral [B] radiographs are shown of a 9-year-old West 
Highland White Terrier with idiopathic pulmonary' fibrosis. Note the generalized bronchointersti- 
tial pattern, especially prominent in the caudal lung regions. There is radiographic evidence of right 
heart enlargement and an enlarged caudal 


cava consistent with pulmonary hypertension. 
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and exercise intolerance. Cough is a variable finding. 
Radiographically there is a difiuse interstitial lung pattern with 
varying degrees of bronchial involvement (Figure 215-23). W U3ti 
Echocardiographic findings are usually indicative of moderate 
to severe pulmonary hypertension. A lung biopsy is generally 
necessary to confirm the diagnosis. The principal therapy for 
idiopathic pulmonary fibrosis is corticosteroids. Bronchodilators 
and azathioprine may be of benefit in some cases. 104 ■ 106 
The prognosis for pulmonary fibrosis varies but is generally 
poor owing to the advanced nature of the disease at the time of 
diagnosis. 

Obesity 

Specific abnormalities of pulmonary function as a result of 
obesity have not been well characterized in veterinary 
patients. Increased oxygen consumption and myocardial work 
are noted in people with excess body mass with light activity. 
In humans, Pickwickian syndrome refers to a specific condi¬ 
tion of obesity, lethargy hypoventilation, and erythrocytosis. 
The syndrome is classically defined as elevations in PaCCb in 
the absence of pulmonary disease in patients who 
extremely obese, A central neurological condition may be par¬ 
tially responsible for Pickwickian syndrome. 1 ^ In addition, 
obesity is thought to worsen obstructive sleep apnea syn¬ 
drome noted in humans and in English Bulldogs. 110 ' 111 

Excessive intrathoradc and intra-abdominal fat may inter¬ 
fere with lung function in numerous ways* Obese animals 
may have decreased thoracic wall compliance and thus 
have more difficulty expanding the thoracic cavity and lungs 
during inspiration. Hypoxia can result from decreased 
expansion and hypoventilation of peripheral lung regions 


104107 


Increased intrathoradc fat has often been suspected to worsen 
airway collapse in veterinary patients with redundant dorsal 
tracheal membrane and associated clinical signs. Even though 
specific; obesity-related pulmonary dysfunction has not been 
reported in dogs and cats, weight reduction in animals with 
chronic airway or pulmonary disease can dramatically affect 
clinical signs. 

Lobar Consolidation 

Lung lobe consolidation can occur as a result of many pul¬ 
monary diseases. Lobar consolidation is not a disease entity 
itself but may occur secondary to processes such as aspiration 
pneumonia, granulomatous disease, contusions, lung lobe 
torsion, and neoplasia. 11: Fluid, exudates, or cellular infiltrates 
fill the alveoli and airways, which creates a wedge-shaped, 
homogenous soft tissue opacity on radiographs. In the early 
stages, a regionally diffuse interstitial pattern or an alveolar 
pattern may be recognized. As the disease process spreads, 
lesions coalesce, and the entire lung lobe becomes involved. 
Radiographically lobar consolidation appears as a soft tissue 
opacity with visible lung lobe margins (Figure 215-24). 1(2 
Ventilation-perfusion abnormalities occur as blood flow 
persists through unventilated lung tissue. If treatment of the 
primary disorder does not resolve the consolidation, surgical 
excision of the lung lobe may be necessary. 

Pulmonary Alveolar Proteinosis 

Pulmonary alveolar proteinosis (PAP) is a rare disorder of 
dogs characterized by the accumulation of protein- and lipid- 
rich fluid in alveoli. 113 Clinical signs described include chronic 
exercise intolerance and cough. Thoracic radiographs 
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Figure 215-24 A right lateral 

[A] and ventrodorsal [B] radio¬ 
graph of a greyhound revealing 
consolidation of the left caudal 
lung lobe. Note the wedge- 
shaped soft tissue opacity in the 
left caudal thorax on the VD 
view and the consolidated caudal 
lung opacity with dr bron- 
chograms on the lateral view. 
Also notice the enlarged, spheri¬ 
cal hilar lymph node dorsal to 
the heart and airways on the 
lateral projection* This dog had 
cocc idiomy ocosis. 
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characterized by increased interstitial markings. Tracheal or 
alveolar wash samples contain few cells and moderate 
amounts of proteinaceous fluid. Histologic examination of 
lung biopsies shows distension of alveoli with PAS-positive 
proteinaceous material, mucus granules, and intra-alveolar 
cholesterol clefts with only occasional inflammatory cells. 
Treatment requires intermittent lavage of affected lung lobes 
with 0.9% saline; clinical resolution of the disease has been 
documented with such an approach. 

Endogenous Lipid Pneumonia 

Endogenous lipid pneumonia (EnLP) is an uncommon disease 
of dogs and cats and is usually secondary to another respira¬ 
tory or systemic disease process that injures alveolar epithelial 
cells. In cats, the most common clinical signs are lethargy, 


anorexia, and weight loss, which could reflect underlying 
diseases* Common signs referable to the respiratory tract 
include tachypnea, difficulty breathing, and cough. 1 M 
1 horacic radiographic patterns associated with EnLP include 
pleural effusion, diffuse interstitial or bronchointerstitial 
markings, or pulmonary nodules. The cytologic features of 
the disease have not been well characterized. The most 
common underlying diseases associated with feline EnLP have 
been obstructive airway disease of various causes, or systemic 
diseases such as neoplasia, liver, kidney or heart disease, and 
pancreatitis. The diagnosis is not typically made antemortem, 
but is usually an incidental finding during necropsy, during 
which gross subpleural lesions are commonly found. 
Histologically, EnLP is characterized by alveoli filled with 
lipid da den macrophages. 
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ANATOMY 


process include poor compressibility of the cranial thorax, 
decreased lung sounds, dyspnea, esophageal or thoracic pain, 
and edema of the head and/or neck. If mediastinal disease is a 
component of systemic disease, extrathoracic signs of illness 
may also be present and include, but are not limited to, periph¬ 
eral lymph adenopathy, weight loss, and polyuria/polydipsia. 


The mediastinum is a potential space centrally located 
between the right and left pleural cavities* The mediastinum 
is lined on each side by parietal pleura and contains and 
encloses the thymus, heart, aorta, trachea, esophagus, vagus 
nerves, lymph nodes, thoracic duct, vena cava, and other vessels 
and nerves that enter or leave the heart. 1 In the dog and cat, the 
tissue in the mediastinum is incomplete^ 2 Therefore most uni¬ 
lateral pleural cavity diseases in the dog and cat ultimately 
become bilateral. The mediastinum is bordered dorsally by the 
spine, ventrally by the sternum, caudal]y by the diaphragm, and 
cranially by the thoracic inlet. The mediastinum also communi¬ 
cates cranially with facial planes of the neck and caudally with 
the retroperitoneal space through the aortic hiatus. These com¬ 
munications create pathways for spread of disease between the 
neck, thorax, and retroperitoneal areas. 

Anatomic regions of the mediastinum can be subdivided to 
facilitate radiographic description of mediastinal disease. The 
mediastinum can be divided by frontal and transverse planes 
into five regions: craniodorsal, cranioventral, middle, caudodorsal, 
and caudoventral. 


DIAGNOSTIC EVALUATION 


The mediastinum is not easily accessible for clinical evaluation 
due to its location within the thorax. Noninvasive evaluation is 
therefore dependent upon the utilization of appropriate imaging 
techniques. Invasive techniques for evaluation of the medi¬ 
astinum may then be pursued if necessary. 

Survey Radiography 

The normal mediastinum is difficult to evaluate radiographi¬ 
cally due to the lack of contrasting tissue densities. All 
mediastinal structures, with the exception of the air-filled 
trachea, demonstrate soft tissue opacity. This results in border 
effacement, which causes the structures within the medi¬ 
astinum to appear confluent and prevents the structures from 
being visualized distinctly. The craniodorsal region is often 
more radiopaque than other areas of the mediastinum 
because of its greater thickness. 

On dorsoventra] [DV) and ventrodorsal (VD) projection 
radiographs, the craniodorsal and caudodorsal regions of the 
mediastinum appear as midline structures that are normally 
no more than two times the width of the spine. The craniodor¬ 
sal region may appear wider in obese animals owing to accu¬ 
mulation of fat within in the mediastinum, but the boundaries 
remain smooth. The craniodorsal and cranioventra 1 regions 
of the mediastinum are usually incompletely evaluated on DV 
or VD radiographs because of their superimposition on the 
sternum and spine. In young animals, the thymus may be 


HISTORY AND CLINICAL SIGNS 


The history and clinical signs will vary depending on the area 
of the mediastinum involved, the rapidity of onset, and the 
specific etiology of the disease process. Specific events that 
should prompt a clinician to consider mediastinal disease 
include trauma to the head, neck and/or thorax; foreign body 
ingestion; invasive diagnostic and/or therapeutic procedures 
that involve the trachea, esophagus, or cervical region. Clinical 
signs may include dysphagia, regurgitation, dyspnea, cough, 
and Homer s syndrome. Abnormal findings on physical examina¬ 
tion that may indicate mediastinal involvement in the disease 



CHAPTER 216 


* Mediastinal Disease 


1267 


visualized as a triangular, sail-shaped soft tissue dense struc¬ 
ture in the cranio ventral region along midline. 

Survey radiography is the imaging modality of choice for 
localizing mediastinal disease. Survey radiography is used to 
assess the size, shape, opacity, and position of the medi¬ 
astinum, Positional radiographs permit free fluid to move 
away from the mediastinum and may improve visualization of 
the mediastinum in animals with pleural effusion. Mediastinal 
disease can be seen radiographically as an abnormal position 
of the mediastinum (termed mediastinal shift ), pneumomedi¬ 
astinum, or increased size and/or opacity of the mediastinum. 

Abnormal positioning of the mediastinum is usually 
indicative of disease that originates in the lungs, bronchi, tho¬ 
racic wall, or pleura. A mediastinal shift may result from the 
presence of an intrathoracic mass or from uneven inflation of 
the lungs associated with unilateral changes in lung volume. A 
mediastinal shift is identified by a difference in size between 
the right and left hemithoraces as assessed in a VD or DV 
view. In addition, lateral displacement of major mediastinal 
structures, such as the trachea or cardiac silhouette, may be 
apparent. Diaphragmatic asymmetry may also present with 
mediastinal shift. 

Pneumomediastinum is characterized radiographically 
by visualization of mediastinal structures that are not nor¬ 
mally seen, such as the esophagus and aorta, because the pres¬ 
ence of air within the mediastinum provides excellent 
contrast to adjacent soft tissue structures (see Figure 216-1 t A). 
Pneumomediastinum is usually not recognized on VD or DV 
radiographs, Pneumothorax, pulmonary overinflation, and deep- 
chested conformation in thin dogs can cause a radiographic 
appearance that may be mistaken for pneumomediastinum. 
Also, a gas-distended esophagus may drape over the trachea 
and rarely the great vessels, which creates a false impression of 
pne urn omedi asti n u m, 

Increased mediastinal size is usually manifested radio¬ 
graphically as diffuse or focal widening of the mediastinum as 
assessed on a VD or DV view. Diffuse widening can be caused 
by mediastinal inflammation, hemorrhage, edema, or the 
accumulation of fluid within the mediastinum associated with 
pleural cavity disease. Positional radiography and ultrasonog¬ 
raphy are helpful in differentiating mediastinal fluid accumu¬ 
lation from other causes of diffuse mediastinal widening. Focal 
mediastinal widening is usually the result of a mass lesion. 
Pathologic widening of the mediastinum must be differenti¬ 
ated from diffuse widening caused by an accumulation of fat 
in obese animals. An accumulation of fat in the mediastinum 
is common in older dogs, especially brachycephalic breeds* 

Contrast radiographic procedures are often helpful in fur¬ 
ther evaluation of structures within the mediastinum that 
cannot be adequately visualized on survey films. In the case of 
suspected esophageal perforation, the contrast medium of 
choice should be a water-soluble iodinated product. 

Ultrasonography 

Thoracic ultrasonography provides poor visualization of the 
normal mediastinum because air in adjacent lung lobes pre¬ 
vents transmission of the sound waves. Sonographic evalua¬ 
tion may provide useful information in animals with pleural 
effusion or cranial mediastinal disease. 3 ^ Ultrasonography 
allows visualization of most cranial mediastinal masses. Very 
large masses can be imaged from almost any location in the 
craniolateral thoracic wall. Placing the transducer in a 
parasternal position or using the heart as an acoustic window 
may be necessary for adequate evaluation of smaller masses. 
Ultrasonography also helps define the internal architecture of 
masses as solid or cystic. In addition, ultrasonography allows 
localization of vascular structures relative to the mass. 
Although ultrasonography alone usually does not allow iden¬ 
tification of the tissue of origin, it can be used to direct needle 


placement for fine-nee die aspirate (FNA) or tissue core 
biopsy,Transesophageal ultrasonography provides excellent 
visualization of the heart base, major cranial mediastinal vessels, 
descending aorta, and part of the azygous vein, 7 Transesophageal 
ultrasonography eliminates imaging difficulties due to obesity, 
poor intercostal windows, and lung air interference. 

Computed Tomography 

Computed tomography (CT) provides the most detailed 
anatomic analysis of mediastinal structures. 8 - 9 It is valuable 
in defining the margins and size of mass lesions (see Figure 
216-4, C) and can be used to guide placement of a needle or 
percutaneous biopsy instrument* Disadvantages of CT include 
an inability to distinguish mediastinal masses from adjacent 
collapsed lung lobes, limited availability in veterinary practice, 
and the need for anesthesia. 

Further Diagnostic Evaluation 

Thyroid scintigraphy using technetium 99m or iodine 131 can 
be used to identify ectopic or metastatic functional thyroid 
tissue within the mediastinum* 1011 Technetium 99m sestamibi 
can be used for the detection of parathyroid secreting tissue, 
although the sensitivity and specificity of this method may 

be low, 113 

In humans, bronchoscopy with transbronehial needle aspi¬ 
ration of perihilar and other pulmonary masses has been 
shown to be useful in the diagnosis of various cancers* 
Although not widely used nor reported in veterinary medicine, 
this technique holds promise in allowing relatively noninva- 
sive needle aspiration of hilar and mediastinal lymph nodes. 
The author has performed this technique with no apparent 
complications. 

Thoracoscopy is another technique that can be used 
to examine and biopsy mediastinal diseases and is a proce¬ 
dure that is becoming more commonly performed in veteri¬ 
nary medicine at referral practices and institutions, 15 ' 1617 
Thoracoscopy allows examination of the parietal and visceral 
pleura, lungs, pericardium, and mediastinum. Biopsies and 
removal of diseased tissue can be performed with this mini¬ 
mally invasive technique. 
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DISEASES OF THE MEDIASTINUM 


Pneumomediastinum 

Pneumomediastinum is the presence of air within the medi¬ 
astinum and can develop spontaneously, usually in animals 
with pre-existing respiratory disease, or as a result of damage 
to the esophagus, trachea, or lungs (Figure 216-1, A ), This 
damage can be associated with cervical trauma, mechanical 
ventilation, transtracheal aspiration, tracheostomy, or central 
venous catheter placement. 18 Caudal extension of air from 
cervical fascial planes into the mediastinum and retroperi- 
toneum may occur secondary to external trauma because of the 
normal communication between the mediastinum, retroperi- 
toneum, and fascial planes of the neck (Figure 216-1, 6}* 
Bronchial or alveolar rupture with subsequent dissection of 
air along perivascular or peribronchial spaces to the pulmonary 
hilus and into the mediastinum is thought to be the mechanism 
by w r hich pneumomediastinum occurs secondary to mechanical 
ventilation and pulmonary trauma. 19 A less common, iatro¬ 
genic cause of pneumomediastinum is secondary to tracheal 
rupture due to overdistention of the endotracheal tube cuff. 20 
Severe pulmonary pathology or pre-existing respiratory dis¬ 
ease can lead to bronchial or alveolar rupture with subsequent 
pn eu mom edi astinum, 

Pneumomediastinum does not occur secondary to pneu¬ 
mothorax. However pneumothorax can be secondary to 
pneumomediastinum and is caused either by rupture of 
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Figure 216-1 A, Lateral thoracic radiograph of a 9-month-old female Brittany Spaniel presented 
after being hit by a car Numerous mediastinal structures, including the cranial vena cava, aorta, and 
serosal surface of the tTachea, are well visualized as a result of pneumomediastimim - B, Lateral abdom¬ 
inal radiograph of the same dog. A large accumulation of air can be seen in the retroperitoneal space. 


the mediastinal pleura, allowing mediastinal air to leak 
into the pleural space or by airway or alveolar rupture asso¬ 
ciated with underlying pulmonary disease that allows air 
to extend into the lung interstitium and diffuse into the 
mediastinum and pleural space. Subcutaneous emphysema 
and pneumoretroperitoneum may also occur secondary to 
pne um omediasti num. 

Pneumomediastinum alone is usually not associated with 
clinical signs. If the pneumomediastinum progresses to pneu¬ 
mothorax, tachypnea and dyspnea are often seen. The pres¬ 
ence of subcutaneous emphysema may be uncomfortable for 
the animal. Animals with pneumomediastinum associated 
with esophageal rupture will present with signs associated 
with esophageal disease, such as regurgitation, pain, and dys¬ 
phagia. Acute development of severe pneumomediastinum 
may cause signs of circulatory collapse secondary to decreased 
venous return resulting from compression of the vena cava 
and azygous vein. 

The air trapped within the mediastinum does not require 
treatment and will spontaneously resolve within 2 weeks if 
there is no ongoing source of air leakage. Concurrent subcuta¬ 
neous emphysema does not usually require needle aspiration 
unless the volume is large enough to cause discomfort. 
Therapy should be aimed at resolution of any underlying dis¬ 
ease process present, 

Mediastinitis 

Mediastinal inflammation is manifested radiographically as 
either local or diffuse widening of the mediastinum. This may 
result from esophageal or tracheal perforation, deep cervical 
soft tissue infections extending along fascial planes into the 
mediastinum, or extension of infection from the pericardium, 
pulmonary parenchyma, or pleural space. 1 uiiw Chronic 
granulomatous mediastinitis may be caused by fungal organ¬ 
isms, such as Histoplasma or Crvptococcus spp., or bacterial 
organisms, such as Actinomyces or Nocardia spp.M,25.26 

Mediastinitis has been documented secondary to spirocer- 
cosis in dogs, 27 Abseessation of the mediastinum may result 
from progression of chronic infectious or neoplastic mediasti¬ 
nal disorders, 23 Both mediastinal abscesses and granulomas 
typically appear on radiographs as mediastinal masses and 
thus may he mistaken for neoplasia. 


Clinical signs associated with mediastinitis include tachyp¬ 
nea, likely related to thoracic pain, dyspnea, cough, head 
and/or neck edema, and regurgitation. Voice changes may 
occur secondary to recurrent laryngeal nerve involvement. 
Physical examination may reveal head and/or neck edema, 
tachypnea, dyspnea, fever, and decreased lung sounds if pneu¬ 
mothorax or pleural effusion 
involves resolving the underlying disorder. Esophageal perfo¬ 
ration may require surgical repair and mediastinal masses may 
require surgical resection and/or drainage, along with appro¬ 
priate antimicrobial therapy and supportive care.^26,28 
M edi asti n itis without a mass lesion may respond to antimi¬ 
crobial therapy and supportive care alone. Thoracostomy tube 
placement may be necessary in animals with concurrent 
pyothorax or effusive mediastinitis. 

Mediastinal Edema 

Mediastinal edema can occur secondary to any disease that may 
result in edema in other areas of the body. The same pathophys¬ 
iologic mechanisms apply. Although not recognized clinically 
very often, hypoproteinemia, lymphatic or venous obstruction, 
vasculitis, and heart failure may result in mediastinal edema. 
Edema in the mediastinum is often not clinically significant and 
may be overlooked due to accompanying pleural effusion. 

Mediastinal Hemorrhage 

Hemorrhage into the mediastinum usually results from either 
trauma or coagulopathy but also may be associated with 
neoplastic erosion of mediastinal vessels. 29 - 30 The clinical signs 
associated with mediastinal hemorrhage are related to the 
effects of acute blood loss. Dyspnea may occur if mediastinal 
hemorrhage progresses to hemothorax. Treatment is aimed at 
resolution of the underlying cause, such as plasma and Vitamin 
K[ therapy for anticoagulant rodenticide intoxication, along 
with supportive care. If hemothorax due to coagulopathy or 
trauma is also present, auto-transfusion may be performed. 
Mild mediastinal hemorrhage usually does not need specific 
treatment. 


also present. Therapy 


Mediastinal Cysts 

Benign cysts of pleural, branchial, lymphatic, bronchogenic, or 
thymic origin occur infrequently in the mediastinum. 3 L 32 - 33 
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Figure 216-2 A, Lateral thoracic radiograph of a 19-year-old castrated male cat who presented 

for chronic renal failure and a heart murmur. Radiographs demonstrate a smoothly marginated soft 
tissue mass cranial to the heart, which causes minimal displacement of the trachea dorsally, 
B Ultrasound of the cranial mediastinal mass. The ultrasonogram demonstrates that the mass is 
thin walled and cystic. Fluid obtained via ultrasound guided FNA was dear with low cellulanty 

and protein, consistent with a mediastinal cyst. 


distinct, smooth, straight mediastinal borders. Masses that are 
in contact with a mediastinal structure may not have clearly 
defined borders. Enlarged sternal or hilar lymph nodes are 
most easily visualized on a lateral radiograph (Figure 216-3). 
Cranial mediastinal lymph adenopathy is better appreciated 
onaVD or DV view. Radiographic findings associated with 
enlargement of the hilar lymph nodes include separation of 
the main stem bronchi, elevation of the trachea cranial to the 
carina, and ventral deviation of the main caudal lobe bronchi 
caudal to the carina. Left atrial enlargement is the main differ¬ 
ential diagnosis for this radiographic appearance. Mediastinal 

frequently classified by location as anatomic 


Most animals do not have clinical signs referable to the medi¬ 
astinal cyst. Radiographically, a cyst can appear as a solid mass 

in the cranial mediastinum due to the fluid within the cyst 

be differentiated from a solid 


[Figure 216-2, A). A cyst can 

mass uItrasonographically (Figure 216*2, B). Solid neoplasms, 

abscesses, or granulomas may have cystic components and 
_ be differentiated from a simple cyst. Fine-needle aspira¬ 
tion with ultrasound guidance is the diagnostic test of choice. 
Cytology and culture can be performed. Mediastinal cysts typ¬ 
ically contain a clear, colorless fluid with low cellulanty and 

protein conte nt * 3132 ' 33 
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masses are 

(Box 216-1). 4 . 

Pleural effusion may imitate a mediastinal mass because ot 
the associated tracheal elevation, which is caused by the 

dorsal displacement of the lungs, 
obtained after removal of the pleural fluid are often helpful in 
distinguishing pleural effusion from a mediastinal mass. Other 
lesions that may be confused with a mediastinal mass include 




Non-Neoplastic Mediastirial Masses 

Non-neoplastic mediastinal masses in dogs and cats and are 
usually infectious in origin. Fungal pyogranulomas, abscesses, 
lymphadenopathy, and hematomas have been described, 23 ' 2 
Lymphomatoid granulomatosis is a rare neopiastic/inflamma- 

tory disease of unknown etiology that causes hilar lym¬ 
phadenopathy, pulmonary masses, and pleural effusion. 

lymphadenopathy may involve the cranial mediastinal, ster¬ 
nal, and tracheobronchial (hilar) lymph nodes. Cranial medi¬ 
astinal lymph nodes lie along the major vascular structures 
and just ventral to the trachea. Sternal lymph nodes are just 
dorsal to the sternum, medial to the second costal cartilage, 
and cranioventral to the internal thoracic vessels. Sternal lymph 
nodes drain the abdomen, so enlargement often indicates 
intra-abdominal or multicentric disease. 1 The hilar lymph 

nodes are round at the bifurcation of the trachea and proximal 

are visible in normal 
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bronchi* None of these lymph nodes 
animals on survey radiographs. Other lesions that may appear 
to be a mass include esophageal foreign bodies, diaphragmatic 
hernias, and gastroesophageal intussusception. 

Radiographically, mediastinal masses appear 

the midline that frequently cause ths- 


£ 


- 


as thoracic 


opacities on or near _ 

placement of adjacent mediastinal or thoracic structures, such 

as the heart, esophagus, and trachea* The carina is normally 
located at the fifth or sixth intercostal space in the dog and the 
sixth intercostal space in the cat. It can be displaced caudatly 
by cranial mediastinal masses* Esophageal masses usually 
cause ventral displacement of the trachea. Most other medi¬ 
astinal masses displace the trachea dorsally and to the right. 
Other radiographic changes associated with mediastinal 
masses include increased opacity in the cranial thorax, widen¬ 
ing of the mediastinum, tracheal compression, and loss of 


Figure 216-3 Lateral thoracic radiograph of a 3-year-old cas¬ 
trated male German Shorthaired Pointer presented for anorexia, 
weight loss, and fever. The radiographs demonstrate mass lesions 
and lymphadenopathy in the craniodorsal and hilar regions with 
displacement of the main stem bronchi ventrally. The final diag¬ 
nosis was Nocardiosis. 
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Box 216-1 


The diagnosis of mediastinal lymphoma can often be 
firmed by cytologic identification of neoplastic lymphocytes 
either a sample of pleural fluid or a sample obtained 
directly from the mediastinal mass via FNA. In dogs, medi¬ 
astinal lymphoma may be associated with hypercalcemia. The 
presence ol a mediastinal mass is a poor prognostic indicator 
in dogs with lymphoma.Less common lymphatic based 
tumors that can cause mediastinal masses include lymph an¬ 
giosarcoma and lymphangioma. 37 45 

Chemodectomas* which are usually aortic or carotid body 
tumors, are most often identified as heart base masses. 47 
Affected animals may be presented for dysphagia, dyspnea, 
heart failure, or cervical swelling. Because these tumors often 
invade and surround roots of the great vessels at the heart 
base, they result in a mediastinal mass effect. 
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Differential Diagnoses for Lesions Associated unth 
Focal Mediastinal Enla rgement 


in 


Region 

Cro n i ove nt ra 1 


Diseases 

Lymphadenopathy; abscess; thymic mass; 
ectopic thyroid; hematoma; granuloma; 
obesity; vascu la r mass (a o rta T era n ia I 
vena cava); esophageal mass, foreign 
body, or dilatation; tracheal mass 
Esophageal mass* foreign body, or 

dilatation; heart base mass; neurogenic 

tumor; paraspinal or spinal mass; 
hematoma; lymphadenopathy; aortic 
stenosis; patent ductus arteriosus; 
abscess; tracheal mass 
Lymphadenopathy; left atrial 

enlargement; esophageal mass, foreign 
body, or dilatation; main pulmonary 
artery mass (post-stenotic dilatation); 
heart base or right atrial moss: spinal 
or paraspinal mass 

Esophageal mass, foreign body, or 

dilatation; hiatal hernia; diaphragmatic 
hernia or mass; spirocercosis; spinal or 
paraspinal mass; aortic aneurysm; 
g a stroesop hagealintussu scept ion 
Diaphragmatic hernia; peritoneopericordial 
diaphragmatic hernia; abscess; 

granuloma; hematoma 


Craniodorsal 


DISEASES OF THE THYMUS 


Perihilar 


The thymus extends from the thoracic inlet caudally to the 
fifth rib in the dog and the sixth rib in the cat. Dorsally it lies 
next to the phrenic nerves and crania! lung lobes. Thymic invo¬ 
lution in small animals occurs concurrently with the onset of 
sexual maturity and the loss of deciduous teeth. 48 The thym 
atrophies and is gradually replaced by connective tissue and fat, 
but remnants persist into old age. 4 ® Thymic branchial cysts 
arise from remnants of branchial pouch epithelium and may 

occur in the cranial mediastinum of dogs and cats (also 
above]. 4 y 

Thymic Hemorrhage 

An uncommon disease of spontaneous thymic hemorrhage 
has been described in dogs and one cat. 4 ^ 52 Although not uni¬ 
formly fatal, most animals documented with this syndrome 
have died. Most animals affected have been less than 2 years 
of age, so it appears to be associated with thymic involution. 
Clinical signs include lethargy, signs of thoracic pain, increased 
respiratory effort, and dyspnea. Physical examination findings 
are attributable to acute blood loss/hypovolemia and pleural 
effusion. Signs include pale mucous membranes, prolonged 
capillary refill time, tachycardia, tachypnea, and muffled lung 
sounds. Thoracic radiographs demonstrate a mediastinal 
(hemorrhage, hematoma) usually associated with pleural etfu~ 
sion. Treatment is supportive in nature and involves volume 
support, blood replacement, and thoracocentesis as needed. 

Thymoma 

Thymomas are rare tumors in the dog and cat that arise from 
the epithelial cells of the thy mus, 53 They appear radio¬ 
graph icaliy as large, poorly defined soft tissue masses in the 
cranial mediastinum (Figure 216-4 , A and B)* Expansion and 
invasion into adjacent tissues are common, but in some cases 
the masses are well encapsulated and fairly 
Metastasis has been reported in dogs and cats. 5354 * Pleural 
effusion is a variable finding and may hinder visualization of 
the thymic mass. Sonographically, thymomas can appear as 
solid, cystic, or a combination. Cytologic examination of FNA 
samples reveals a variable number of mature lymphocytes, 
which makes cytologic differentiation of thymoma from 
mediastinal lymphoma difficult. Mast cells are also frequently 
identified in cytologic samples from thymomas. Surgical 
ultrasound guided percutaneous biopsy is required for defini¬ 
tive diagnosis. Paraneoplastic syndromes are commonly asso¬ 
ciated with thymoma in both dogs and cats, 53 55 The most well 
described is myasthenia gravis, which is often associated with 
megaesophagus in dogs with thymoma, 53 Myasthenia gravis 
has also been reported in cats with thymoma, but is less 
common. Surgical resection is the treatment of choice for thy¬ 
moma, hut recurrence and metastasis have been reported. 


us 


Caudodorsat 


Caudoventraf 


the norma] thymus in young animals, mediastinal fat in obese 

animals, lung masses, especially those involving the accessory 

lobe or cranial tips of the left and right cranial lung lobes, 

large right and left caudal pulmonary arteries, and perihil 

edema. The presence of an air bronchogram within 

pected mediastinal mass indicates that it is actually a pul¬ 
monary' lesion. 


very 


ar 


mass 


a sus- 


Mediastirml Neoplasia 

Mediastinal tumors can originate from any structure within 
the mediastinum (lymph nodes, thymus, great vessels, trachea, 
esophagus, ectopic thyroid or parathyroid tissue) or from 
extension of neoplastic lesions in adjacent tissues. 3li - 37 Also, 
mediastinal neoplasms may be metastatic lesions 


or compo¬ 
nents of a multicentric neoplastic process.’®^ 4 Benign tumors 
have also been documented* 45 

Clinical signs associated with mediastinal tumors 
ally caused by compression or invasion of structures such 
the great vessels* thoracic duct, esophagus, and trachea. Sign 
include coughing, dyspnea, dysphagia, regurgitation, and edema 
of the head, neck, and/or forelimbs. Signs caused by periph¬ 
eral nerve entrapment are less common and include laryngeal 
paralysis, vocalization changes, or Homer s syndrome. Signs 
associated with multicentric disease may reflect other sites of 
neoplastic involvement or 
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may be related to paraneoplastic 
syndromes,These signs include anorexia, weight loss* vomiting, 
diarrhea, and polyuria/polydipsia. 

Mediastinal lymphoma originates from either lymph node 
or thymic tissue in the cranial mediastinum. Mediastinal ly 
phoma is often associated with pleural effusion, which 
tially obscure radiographic visualization of the mediastinal r 
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Figure 216-4 Lateral (A) and dorsoventral (B) radiographs of a 10-year-old castrated male 
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right. The cranial horder of the cardiac silhouette is effaced by a cranial mediastinal 
C, Computed tomographic 3D reconstruction of the cranial mediastinal mass in the same dog. The 

mass was 


mass. 


removed surgically. Final diagnosis was thymoma with hemorrhage 
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Pleural and Extrapleural Diseases 
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DISORDERS OF THE DIAPHRAGM 




studies reporting between 77% and 85% of diaphragmatic 
hernias being traumatic in origin. 2 4 Traumatic DHs are fre¬ 
quently associated with motor vehicle accidents or other 
forceful blows to the thorax or abdomenT 5 A sudden increase 
in intra-abdominal pressure, with an open glottis, results in 
rapid deflation of the lungs. The position of the glottis may 
be unimportant provided there is the creation of an abrupt, 
substantial increase in pressure with an abdominal pressure 
gradient 2 The large pressure gradient causes the diaphragm lo 
tear at its weakest points (usually in the muscular portions). 
The location and size of the tearfs) depend on the position of 
the animal at the lime of impact and location of the viscera. 


— 


Diaphragmatic Anatomy 

The diaphragm is a musculotendinous structure that separates 
the abdominal and thoracic cavities and is covered by pleura 
on its convex (thoracic) surface, adjacent to the lungs. It aids 

in ventilation and movement of lymphatic fluid. The ph 

nerves, which in dogs are derived from C4 to C7, provide 
innervation. 1 In cats, the phrenic nerves arise from C4 to 06. 
Prior to reaching the diaphragm, the phrenic nerves traverse 
the mediastinum and pericardium and 


remc 


are therefore subject to 

disruption from infiltrative masses or surgical transection 
(during pericardectomy or mass removal). 


Signal merit and History Young male dogs between the 
ages of 1 and 2 years are most commonly diagnosed with trau¬ 
matic DH because of their propensity to roam and sustain 
vehicular trauma. Affected animals may present in shock and 
respiratory distress, depending on the size of the hernia, which 
viscera have herniated, and severity of other injuries. 
Concurrent injuries are common. Chronic diaphragmatic her¬ 
nias are reported and respiratory embarrassment may not be 
immediately evident. In one study, 20% of animals with 
matic DH were not diagnosed until at least 4 weeks after thr 
injury had occurred. 2 Clinical signs associated with chronic 
diaphragmatic hernias are generally confined to the respira¬ 
tory or gastrointestinal system and may include dyspnea, exer 
cise intolerance, anorexia, depression, vomiting, diarrhea, 
weight loss, and/or pain following ingestion of food* 


DIAPHRAGMATIC DISPLACEMENT 
AND DYSFUNCTION 


Cranial or caudal displacement of the diaphragm may be asso¬ 
ciated with certain conditions and can be unilateral or bilateral. 
Cranial displacement results from enlargement or gas disten¬ 
sion of abdominal contents as would be seen with late-term 
pregnancy or gastric dilatation-volvulus, respectively It may 
contribute to respiratory compromise in such circumstances. 
Removal of a lung lobe or pulmonary atelectasis or consolidation 
results in unilateral cranial advancement of the diaphragm. 
Caudal diaphragmatic displacement is associated with pleural 
cavity disease (e g., pneumothorax, pleural effusion) or obstruc¬ 
tive airway disease that causes air trapping and pulmonary 
hyperinflation. These displacements are typically bilateral and 
recognition may he difficult when pleural fluid obscures the 
diaphragmatic silhouette. Unilateral caudal displacements 
uncommon and may occur with either unilateral pneumotho- 
or pleural effusion, particularly chylothorax or pyothorac<. 
Paralysis of the diaphragm may also he uni- or bilateral 
Unilateral paralysis is unlikely to be associated with clinical 
evidence of respiratory abnormalities; however, bilateral paralyse 
can result in substantial impairment of respiration. Bilateral 
paralysis most commonly results from cervical spinal trauma 
or fracture. In such cases, cranial displacement of the diaphragm 
may be radiographically apparent. Lack of movement of the 

diaphragm during fluoroscopic evaluation increases suspicion 
of this condition. 

Diaphragmatic Hernias 

Diaphragmatic hernia (DH) is a term for disorders of the 
diaphragm that allow abdominal contents to enter the thoracic 
cavity, either within the pleural space (pleuroperitoneal hernias, 
hiatal hernias) or pericardial sac (peritoneopericardial diaphrag¬ 
matic hernias). Diaphragmatic hernias 
into traumatic and congenital hernias. 

Traumatic Diaphragmatic Hernias 

Traumatic DHs are more commonlv recognized 
animal veterinary patients than are congenital hernias, with 
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Physical Examination Physical examination findings vary 
with the acuteness of the trauma, concurrent injuries, and 
organs herniated. Hypoventilation is often present and is 
attributable to inadequate lung expansion, voluntary' decrease 
in chest wall motion due to pain, fractures or flail segments 
causing chest wall dysfunction, or pulmonary atelectasis. Signs 
consistent with shock include pale or cyanotic mucous mem¬ 
branes, tachypnea, tachycardia with variable pulse pressure, 
and decreased mentation* Cardiac arrhythmias, attributable 
traumatic myocarditis, may be present and if severe, are asso¬ 
ciated with significant morbidity* The liver is the organ most 
commonly herniated and is often associated with hydro thorax as 
a result of veno us oed usion and capsul ar weeping. Extra hepatic 
biliary obstruction has been reported/* Herniation and entrap¬ 
ment of the stomach can lead to gaseous distension, which 
results in a rapidly declining clinical condition and fatal respira¬ 
tory impairment. Gastric dilation-volvulus has been reported 
with DH and should be suspected in dogs and cats presenting 
with abdominal enlargement and dyspnea. 


are 


rax 


is 


to 


7 


divided by etiology 


Diagnosis Diagnosis of DH is made either on thoracic 
radiographs (figure 217-1) or by ultrasonography of the 
diaphragm and cranial abdomen. The presence of gas-filled 
viscera in the thoracic cavity is diagnostic of a DH; however, 
visualization of thoracic structures and the diaphragmatic sil¬ 
houette may he obscured by the presence of pleural effusion 
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Peritoneopericardial diaphragmatic hernias (PPDHs) are 
the most common congenital pericardial and diaphragmatic 
anomalies in dogs and cats, 1 - Herniation of abdominal viscera 
into the pericardial sac can result from abnormal development 
of the septum transversum or from failure of the lateral pleu¬ 
roperitoneal folds and the ventromedial pars sternal is to unite. 
This defect likely occurs as a result of a teratogen, genetic 
defect, or prenatal injury. n A high incidence of right- and left- 
sided DH was induced when the embryotoxic herbicide nitre- 
fen was given to rats during a critical period in gestation. N A 
teratogen was the suspected cause ot PPDH and multiple car¬ 
diac defects in an entire litter of collies. 15 Unlike in humans, 
PPDHs are always congenital in dogs and cats because there is 
direct communication between the peritoneal and pericar¬ 
dial cavities after birth in these spedes. 

Cardiac abnormalities and sternal deformities often occur 
concomitantly with PPDHs. Reported concurrent anomalies 
include umbilical hernias, cranial midline abdominal wall her¬ 
nias, malformed or absent stemebrae, pectus excavatum or 
intracardiac defects. 1 s - 17 Polycystic kidneys have been reported 
in association with PPDH in a cat. tH Although seldom noted 
in animals, pulmonary vascular abnormalities may occur in 
children with congenital DH; persistent pulmonary hyperten¬ 
sion is thought to contribute to the morbidity and mortality 
associated with this condition in affected children, 15 * A predis¬ 
position for PPDH has been suggested in Persian cats and 
Weimeraners. 1 

Clinical Signs and Physical Examination As with other 
DH, clinical signs of affected animals may vary from none to 
severe respiratory embarrassment, depending on the organ (s) 
herniated and degree of compromise of that organ (s). Vomiting 
and anorexia are often observed. Physical examination may 
reveal muffled heart sounds and lack of normally palpable 
organs in the abdomen. 

Diagnosis Diagnosis of PPDH is usually made from tho¬ 
racic radiographs and/or ultrasound and is frequently an inci¬ 
dental finding. Radiographic findings include apparent 
cardiomegaly, dorsal elevation of the trachea, and silhouetting 
of the heart and diaphragm; gas-filled viscera may be present. 
As with other diaphragmatic hernias, oral barium administra¬ 
tion may be useful if the diagnosis is not readily apparent on 
radiographs or if ultrasound is unavailable. 

Management Initial management of the symptomatic 
animal with PPDH includes oxygen therapy if dyspneic and 
positioning the animal in sternal recumbency with the chest 
elevated. Surgical repair of PPDH is recommended in most 

and should be performed at as early an age as possible. 
Early surgical intervention may decrease the incidence of 
adhesions and risk of postoperative re-expansion pulmonary 
edema. 


no 


Figure 217-1 Ventrodorsal thoracic radiograph of a dog with a 

traumatic diaphragmatic hernia. Notice the gas-filled loops of small 
intestine in the right hemithorax. 
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In such cases, thoracocentesis may be necessary prior to 
obtaining diagnostic radiographs. Ultrasound examination is 
most helpful in cases with herniation of the liver or w r hen 
large volumes of pleural fluid are present. An upper GI 
barium study may identify portions of the intestinal tract that 
have herniated into the thoracic cavity. Positive contrast cell- 
ography with a water-soluble contrast agent is occasionally 
used as a diagnostic aid but caution must be used when injecting 
radiographic contrast agents in dehydrated animals. Additionally, 
omental or fibrous adhesions may obscure diaphragmatic defects 
and result in false-negative studies. 

Management Initial management should include oxygen 
therapy in dyspneic animals and treatment for shock, including 
fluids and administration of a broad-spectrum antibiotic [see 
Chapter 120,124). Ventilation may be improved by positioning 
the animal in sternal recumbency with the front end elevated, 
Thoracocentesis should be performed if moderate to marked 
pleural fluid is present. Animals presenting with gastric disten¬ 
sion should be considered surgical emergencies and operated 
as soon as they can safely be anesthetized. Other animals 
with diaphragmatic hernias and associated trauma may benefit 
from stabilization prior to surgical intervention and definitive 
repair of the DH, However, these animals must be closely mon¬ 
itored for worsening respiratory compromise. Overall mortality 
rate for dogs and cats undergoing diaphragmatic herniorrhaphy 
is cited at approximately 20%.®*' () Readers are referred to a 
surgical textbook for details of surgical correction of DH. 

Congenital Diaphragmatic Hernias 

Signal meat and History Congenital pleuroperitoneal 
hernias can occur and result from improper development of 
the left pleuroperitoneal membrane. These hernias are infre¬ 
quently recognized in dogs and cats as they generally result in 
death upon or shortly after birth.* 1 Hernias involving the 
esophageal hiatus are typically congenital in nature and are 
known as /data/ hernias , (See Chapter 220.) 
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DISORDERS OF THE THORACIC WALL 


Chest Wall Trauma 

Damage to the thoracic wall may be due to blunt (motor vehi¬ 
cle accidents, being kicked) or penetrating [bite wounds, gun¬ 
shot wounds) injuries. Both blunt and penetrating trauma can 

extensive soft tissue damage of the thoracic wall. Although 


cause 

soft tissue damage is rarely the cause of major morbidity or mor¬ 
tality, it may be the only external evidence of severe thoracic 
trauma. Pain associated with thoracic wall trauma may lead to 
hypoventilation because the animal is unwilling to breathe; anal¬ 
gesics may improve ventilation. Similarly, isolated rib fractures, 
although unlikely to result in significant respiratory Impairment, 
may result in decreased ventilation due to pain. Chest wall 
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trauma a]one (without pulmonary parenchymal damage) rarely 
leads to significant hypoventilation resulting in hypoxia. 

A flail segment (flail chest) is produced when multiple seg¬ 
mental rib fractures produce a free segment of thoracic wall 
that has lost its continuity with the remainder of the thorax. 
Intrapleural pressure changes during respiration result in para¬ 
doxic segment movement; the segment moves inward during 
inspiration and outward during expiration. Flail chest segments 
initially be stabilized by positioning the animal with the flail 
side down. Mechanical ventilation is the preferred treatment 
for people with flail segments. As this may not be practical in 
veterinary patients, surgical stabilization of the flail segment 
thought to help decrease pain, improve ventilation, and prevent 
further damage to thoracic structures, A recent retrospecti 
study ot the medical records from live veterinary teaching hos- 
pitals investigating the clinical management of fl ail chest in dog 
and cats reported that the majority of cases were treated with¬ 
out stabilization of the flail segment, 21 The study was not able 
to demonstrate a difference in outcome between surgically sta¬ 
bilized and conservatively managed cases. It was not possible to 
determine from the results of the study which animals would 
benefit from surgery-. Readers are referred to a surgical text for 
more details of the surgical management of flail chest. 

Subcutaneous emphysema can occur with both blunt and 
penetrating trauma and is usually of little clinical significance. 
It occurs when air dissects along fascial planes under the sub¬ 
cutaneous tissues. Air may enter the subcutaneous tissues from 
direct communication with an external wound, from disrup¬ 
tion of the pleura and intercostal* muscles, or as an extension of 
mediastinal emphysema. The condition is usually self-limiting; 
treatment should be directed at the underlying 

Pectus Excavotum 

Pectus excavatum (PE : is a deformity of the costocarti 1 ages 
and sternum that result in a dorsoventral narrowing of the 
chest. Although the causes are unknown, several theories 
have been proposed. It has been suggested that there may be 
both congenital and acquired forms of PE in people.- 2 Possible 
etiologies include shortening of the central tendon of the 
diaphragm, abnormalities ol intrauterine pressure, congenital 
deficiency of musculature in the cranial portion of the 
diaphragm, and abnormal respiratory gradients as may be pre¬ 
sent with upper airway obstruction. 

Signalment and History 

Sterna! depressions are often noted early in the life of the 
animal and prompt owners to seek veterinary- attention. The 
disease is progressive and the severity of the defect may 
increase as the animal matures. In humans, males appear to he 
predisposed, yet a gender predilection has not been clearly 
identified in animals, PE has been reported in dogs, cats, sheep, 
and calves. Brachycephalic dogs and Burmese cats are more 
commonly affected than other breeds. PE has occurred in 
multiple animals of certain litters; therefore affected animals 
should not he used for breeding. PE can be associated with 
'swimmer's syndrome/' a poorly characterized disease of 
neonatal dogs in which the legs splay to the sides. 

Clinical Signs and Physical Examination 
Animals with PE may be asymptomatic or may present with 
clinical signs associated with both respiratory and cardiovas¬ 
cular functional abnormalities. The sternal depression often 
causes malpositioning of the heart within the thoracic cavity 
and may result in kinking of the large veins, disturbance of 
venous return, restriction of ventricular filling, and decreased 
respiratory reserve. Direct compression of the heart 
result in cardiac arrhythmias. Symptoms such 
intolerance, weight loss or failure to thrive, hyperpnea or dys¬ 
pnea, cyanosis, recurrent respiratory infections, and vomiting 
may occur. A correlation between severity of clinical signs and 
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Figure 217-2 A cat with pectus excavatum Notice the palpa¬ 
ble depression of the caudal sternum. [From Fossum TW et al: 
Pectus excavatum in S dogs and 6 cats, i Am Anim Hosp Assoc 

25:595, 1989.) 


severity of the abnormality has not been identified. Other 
abnormalities that may be noted on physical exam include car¬ 
diac murmurs and increased or harsh lung sounds. Concurrent 
cardiac abnormalities such as pulmonic stenosis and atrial 
septal defects have been reported; care must be taken to dis¬ 
tinguish abnormalities caused by the position of the heart 
from those that result from cardiac disease. 

Diagnosis 

Diagnosis of PE is made on physical examination by palpation 
of a depression in the sternum (Figure 217-2). Thoracic radio¬ 
graphs show an abnormal elevation of the sternum. The heart 
is often shifted to one of the hemi-thoraees as insufficient 
exists on midline. In this abnormal position, it may appear 
enlarged on thoracic radiographs. Echocardiography may be 

necessary to distinguish cardiac disease from this apparent 
enlargement. Classification of the sternal deformity as mild, 
moderate, or severe has been described and is based on the 
frontosaggital and vertebral indices obtained from thoracic 
radiographs 24 (Figure 217-3). 


cause. 
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Ma nagement 

Animals with mild PE or those with simply a flattened ventral 
thorax are 




unlikely to require surgery. Owners should be 

instructed to perform medial to lateral chest compressions in 

such cases. In young animals with moderate to severe disease. 

or those with clinical signs, application of a splint to the 

ventral aspect of the thorax is the most commonly used 

treatment. Older animals with less compliant thoracic and 

sternal walls may require a partial stemectomy to relieve their 
clinical signs. 


Thoracic Wall and Sternal Neoplasia 

Prim ary- tumors of the rib are uncommon in the dog; however, 
these tumors are usually malignant and have a high metastatic 
rate. Some reports cite that they generally develop in young 
dogs, with a mean reported age in one study of 4,5 years 25 , 
whereas others report median ages of between 7 and 9 years, 27 
Osteosarcomas are the most common neoplasm of the canine 
rib, followed by chondrosarcoma; the costochondral junction 
is the usual site of origin of these tumors. Fibrosarcomas and 

hemangiosarcomas are less frequently reported. 252H Most 

rib tumors cause a localized swelling of the thoracic wall; 
however, pleural effusion without evidence of a thoracic mass 

lias been reported in two dogs with primary rib tumors and 
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the lung surface; the parietal pleura lines the inner surface 


covers 

of the ribs, diaphragm, and mediastinum* The pleural space 
normally contain*; a small amount of fluid that aids in trans¬ 
mission of forces and provides lubrication of the lung surfaces 
during Respiration, Pleural fluid in the normal animal is similar 
to that of a plasma filtrate with a low protein concentration 
and a cellular composition of mesothclial cells and monocytes. 
Differences in electrolyte composition between pleural fluid 
and blood suggest modification of the plasma filtrate by an 
active transport or selective diffusion mechanism. 33 Filtration 
rate and lymphatic drainage increase with animal size and age; 
larger animals have small pleural fluid volumes. 

Theories concerning the regulation of pleural fluid turnover 
have been expanded greatly over the past few decades. In 1927 

Neergard described the balance of fluid formation and resorp¬ 
tion as an equilibrium between hydraulic and colloid osmotic 
pressures. 34 Although these concepts are still valid, additional 
mechanisms must be in place to explain the stable composi¬ 
tion of interstitial and pleural fluids. Given the differentia) 
permeability of water and solutes, pleural fluid protein con¬ 
centration would increase over time if pleural fluid exchange 
were based solely on the difference between hydrostatic and 
colloid osmotic pressures. Similarly, iI fluid production occurred 
solely at the arteriolar end of the capillary bed and resorption 
at the venular end as previously described, then a progressive 
increase in interstitial protein should occur over time. 

The formation of pleural fluid is thought to be the result of 
filtration of fluid into the pleural space via Starling forces* It is 
currently thought that the absorption of pleural fluid is con¬ 
trolled by several mechanisms. The pressure differential across 
the visceral pleura favors liquid absorption; however, this is 
believed to contribute to only a small amount of fluid absorp¬ 
tion. 33 3f ' Some believe that the pleural lymphatics provide 
the majority of interstitial fluid drainage 34 , including particles, 
cells, and albumin. 37 There is evidence that stomas that help 
to transport albumin and water exist between the mesothehal 
cells of the parietal pleura and endothelial cells of the pleural 
lymphatics. 34 However, some albumin and liquid are also 
transported outside of the stomas via transcytosis* 38 A subat- 
mospheric pressure of approximately —10 cm HiO is gener¬ 
ated by pleural lymphatics 313 , which allows them to act as a 

drainage mechanism in pleural fluid accumulation. Lymphatic 
flow rate can increase dramatically (twentyfold) in response 
to increased pleural fluid filtration. Lymphatic drainage is 
greatest in the ventral thoracic cavity, diaphragm, and 

mediastinum* 

More recently the role of mesothelial cells in active trans- 
serosal transport (electrolyte coupled liquid absorption) has 
been investigated 40 ; direct and indirect evidence of this function 
has been provided. 4143 Mesothelial cell permeability to water 
and solutes may be equivalent to that of the capillary endothe¬ 
lium and these cells appear to be involved in the active trans¬ 
port of solutes and liquid Thus the volume and composition of 
pleural fluid in the normal animal is governed by lymphatic 
drainage. Starling forces through the mesothelium and capillar¬ 
ies of the connective tissue, and activity of mesothelial cells. 
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Figure 217-3 The frontosagittal index is the ratio between the 

width of the chest at the tenth thoracic vertebra (a) and the dis¬ 
tance between the center of the ventral surface of the tenth tho¬ 
racic vertebral body and the nearest point on the sternum (b). 
The vertebral index is the ratio between the distance from the 
center of the dorsal surface of the tenth vertebral body to the 
nearest point on the sternum (b and c) and the dorsalventral 
diameter of the vertebral body at the same level (c). (From 

Fossum TW et al: J Am Anim Hosp Assoc 25:595, 1989*) 


metastatic pulmonary lesions. 2 * Other clinical signs noted in 
two animals with rib tumors included weight loss and dyspnea. 

Neoplasms of the ribs or sternum should be differentiated 
from bacterial or fungal osteomyelitis. A tentative diagnosis of 
the tumor cell type can usually be made by fine-needle aspi¬ 
ration of the mass; however, definitive diagnosis requires his¬ 
tologic examination of a biopsy specimen* Although pleural 
effusion is common in dogs with rib tumors, identification of 
neoplastic cells in the fluid is very uncommon. Due to the 
high rate of pulmonary metastasis, the prognosis for dogs with 
rib tumors is poor. In one study of 15 dogs with primary rib 
tumors, greater than 90% of the dogs died or were euthanized 
within 4 months of the diagnosis. 2 * 

Although also rare, both metastatic and primary tumors 
of the sternum have been reported Ln dogs. 30 In humans, 
metastatic tumors involving the sternum are more frequently 
recognized than primary tumors. The distant primary site is 
most commonly in the thyroid, kidney, breast, testicle, lung, 
stomach, or rectum. Primary neoplasms of the bony chest 
account for 7% to 8% of all bone tumors in humans, and 
although primary rib tumors are frequently benign, tumors of 
the sternum are typically malignant, Similar generalizations 
difficult to make in the dog due to the infrequency with 
which sternal tumors have been reported. However, chon¬ 
drosarcomas and osteosarcomas involving the stemebrae have 
been reported in dogs. 31 

When a diagnosis of sternal neoplasia is made, the diseased 
hone as well as normal surrounding tissue should be removed. 
Unlike most hones in the body, the stemebrae can be removed 
with little compromise of function* 32 Successful treatment ol 
sternal osteomyelitis following resection of large portions of 
the stemebrae has been reported in dogs and human beings, 
and the procedure would likely benefit dogs with primary 
sternal neoplasia. 
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Etiology of Pleural Effusions 

Pleural effusions develop when there is an alteration in the 
balance between fluid formation and fluid resorption. I his can 
result from changes in hydrostatic and osmotic pressures, 
impaired lymphatic drainage, and increased vascular or lym¬ 
phatic permeability. 40 Alterations in the pleural fluid protein 
content and cellularity can give some evidence as to the 
underlying disease process. Low protein effusions are generally 
caused by cardiac, renal, or hepatic disease and are known as 
Transudates. Effusioas with a high protein count (>3.0 g/dL) sug¬ 
gest increased vascular permeability decreased lymphatic removal, 
both and can be caused bv inflammatory or neoplastic 

SF y 

processes or by diseases of the lymphatic system. 


PLEURAL EFFUSION 


Anatomy of the Pleural Space 

The pleura consists of a single sheet of flattened mesothelial 
cells supported hy a layer of elastic connective tissue contain¬ 
ing vascular and lymphatic channels. The visceral pleura 


or 
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Alterations in osmotic pressure result in low protein effu- 
as disruption of Starling forces allows fluid movement 
out of the vascular space and decreased absorption of fluid by 
the capillaries of the visceral pleura. Serum albumin concen¬ 
trations of less than 1,5 g/dL may result in pleural or peri¬ 
toneal effusions; edema of the extremities may also occur 
Hypoalbuminemia can be secondary to decreased production 
as seen in liver disease or increased loss as in protein-losing 
enteropathy or nephropathy. Hepatic hydrothorax 
when a marked pleural effusion occurs in a patient with hep¬ 
atic cirrhosis in the absence of primary pulmonary or cardiac 
disease. 4 - 1 These effusions often recur and may he associated 
with diaphragmatic peritoneopleural communications 

occur 

abdomen. 


of irritation caused by the effusion, or related to an underly¬ 
ing, disease process (e.g., cardiomyopathy). Other physical 
exam findings can include muffled heart and lung sounds and 
dullness on thoracic percussion. Additional findings that 
related to the underlying cause of the pleural effusion can 
include fever, weight-loss, anorexia, depression, pale mucous 
membranes, heart murmurs or arrhythmias, ascites, pericardial 
effusion, or Horner's syndrome. Animals that remain dyspneic 
following pleural fluid removal should be suspected of having 
underlying pulmonary parenchymal or pleural disease such 
pneumonia or fibrosing pleuritis, respectively. 

Fibrosing pleuritis is a condition that has been associated 
with chylothorax in both dogs and cats.^ 47 Although the 
cause of the fibrosis is unknown, it apparently can develop 
subsequent to any prolonged exudative or blood-stained effu¬ 
sion. Exudates are characterized by a high rate of fibrin for¬ 
mation. 4 ^ Fibrin formation probably increases because chronic 
inflammatory exudates, such as chylothorax and pyothorax, 
induce changes in mesothelial cell morphologic features, result¬ 
ing in increased permeability, mesothelial cell desquamation, 
and triggering of both pathways of the coagulation cascade. 40 
Desquamated mesothelial cells have also been shown to 


sion s 


are 


occurs 


as 


or may 

via transdiaphragmatic lymphatic drainage of the cra nial 


Increased systemic venous 


hydrostatic pressure is most 
commonly seen secondarily to congestive heart failure (CHF) 

and may result in pleural effusion. Left-sided CHF increases 
visceral capillary hydrostatic pressure and decreases fluid 
absorption, whereas right-sided CHF increases parietal capil¬ 
lary pressure and tends to favor increased pleural fluid forma¬ 
tion. 4 - Increased venous pressures also decrease lymphatic 
drainage within the pleural cavity and can result in a tran- 
sudative or chylous effusion. Venous or lymphatic obstruc¬ 
tion, as might be seen with a lung lobe torsion or incarceration 
a liver lobe through a diaphragmatic hernia, can cause 
transudation of fluid through the organ capsule and result in 
pleura! effusion. Other causes of increased 


pro¬ 
duce type 111 collagen in cell culture, and promote fibrosis.-'* 0 

Additionally, the chronic presence of pleural fluid might lead 
to an impairment in the mechanism of fibrin degradation. 51 
Fibrinolysis may decrease because direct injury to mesothelial 
cells may reduce inherent fibrinolytic activity of the cells, 
and/or the increased fluid volume may dilute local plasmino¬ 
gen activator Plasminogen activator converts the precursor 
plasminogen to its active form, plasmin. Fibrinolytic activity 
in mammals is attributable primarily to this serine protease. 52 

In animals with fibrosing pleuritis, the pleura is thickened 
by diffuse fibrous tissue that restricts normal pulmonary 
expansion (Figure 217-4, A). Animals with fibrosing pleuritis 
may be misdiagnosed as having large amounts of pleural effu¬ 
sion, when in fact the pleural effusion is minimal. Diagnosis of 
fibrosing pleuritis is difficult. The atelectatic lobes may be 
confused with metastatic or primary pulmonary neoplasia, 
lung lobe torsion, or hilar lymph adenopathy. Radiographic 
evidence of pulmonary parenchyma that fails to re-exp and after 
removal of pleural fluid should be considered possible evidence 

of atelectasis with associated fibrosis (Figure 217-4, f?). 

Fibrosing pleuritis should also be considered in animals with 

persistent dyspnea, yet minimal pleural fluid. In human 

beings, computerized tomography is occasionally helpful in 

differentiating pleural fibrosis from other abnormalities, such 
as neoplasia, 53 54 


of 


ven ous pressures 

include pericardial effusion and cardiac tamponade, heart- 
worm disease, and neoplasia. 

Animals with fibrosing pleuritis or severe upper airway 
obstruction may develop increased negative pressure in the 
pleural space. In fibrosing pleuritis, the lungs are unable to 
re-expand despite absorption or removal of pleural fluid, 
which result in an increase in negative pressure. 33 This nega¬ 
tive pressure promotes rapid accumulation of pleural fluid 
Alterations in vascular or lymphatic permeability 
decreased lymphatic drainage cause effusions with increasing 
amounts of protein and fluid accumulation. Increased vascu¬ 
lar permeability may be induced by vasculitis, which results 
from release of mediators such as histamine during inflamma¬ 
tory processes. Diseases that commonly result in vasculitis 
that may cause pleural effusion include feline infectious 
peritonitis (FIF), pancreatitis, uremia, and immune-mediated 
diseases such as systemic lupus erythematosus (SEE) and 
rheumatoid arthritis. Lymphatic drainage may he altered by 

neoplastic processes such as lymphangiosarcoma, mesothe¬ 
lioma, or metastatic 


or 


mammary carcinoma. 


Diagnosis 

Animals suspected of having pleural effusion should be thor¬ 
oughly evaluated for underlying cardiac or respiratory disease. 
Thoracic auscultation may reveal decreased heart and lung 
sounds ventrally, Thoracic percussion may demonstrate a fluid 
line with hyporesonant sounds ventrally and normal sounds 
dorsally, Murmurs may he auscultated in animals with under¬ 
lying cardiac disease. Animals should be evaluated for the 
presence of jugular pulses. In cats with cranial mediastinal 
masses, the cranial thorax may become less compressible. 

See below for radiographic and ultrasonographic findings in 
animals with pleural effusion* 

Th ora coee nr tesis 

In addition to relieving respiratory difficulty, thoracocentesis also 
provides samples to aid evaluation and diagnosis. In the dyspneic 
animal !, thoracocentesis should be performed prior to thoracic radio - 
graphs. Removal of even small amounts of fluid may substan¬ 
tially decrease the animal s ventilatory effort. The animal should 
be restrained in sternal recumbency with oxygen provided by 
mask if tolerated. Slight sedation may be required in fractious 


Clinical Signs and Physical Examination 

Clinical signs associated with pleural effusion can vary accord¬ 
ing to the etiology of the increased fluid volume, rapidity with 
which the fluid accumulated, and the volume of fluid 

With increased pleural fluid accumulation, compensatory 
mechanisms are overcome and clinical evidence of decreased 
lung expansion and impaired gas exchange become evident. 
These signs are likely to have an insidious onset and substantial 
disease can be present before abnormalities are recognized. 
Dyspnea is the most common clinical sign in animals pre¬ 
senting to the veterinarian with pleural effusion. Often the 
owner reports an acute onset. The dyspnea is usually marked 
by a forceful inspiration, with delayed expiration. Animals are 
often reluctant to lie down and may extend their heads and 
necks in an elevated position. Other clinical signs include 
tachypnea, open-mouth breathing, and cyanosis. Dogs and 
cats with chronic pleural effusion may present with coughing 
as the only clinical sign and should therefore be evaluated for 
pleural effusion when presenting with a persistent cough that 
does not respond to routine therapy. Coughing may be a result 


present. 
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Figure 217-4 A, Entra-opemive photo of a cat with severe hbrosing pleuritis secondary to 
chronic chylothorax. Notice the small, consolidated lung lobes and the thickened pleura. 
Decortication of the fibrous pleura! was performed in this cat. B, Lateral radiograph oi the cat from 
A, Note the rounded appearance of the caudal lung lobes. Removal of the pleural fluid did not 

improve the expansion of the lung lobes. 












Radiography and Ultrasonography 

If the animal is not dyspneic, thoracic radiographs should be 
obtained to confirm the diagnosis of pleural effusion and 
allow evaluation of thoracic and intra-thoracic structures 
(Figure 217-5), Dorsoventral (rather than ventrodorsal) and 
standing lateral" views may cause less stress to a compro¬ 
mised animal. Handling should be minimized and supple¬ 
mental oxygen provided. 


animals; general anesthetics should he avoided. Caution should 
he used when sedating dyspneic animals, Typically, the medi¬ 
astinum in dogs and cats appears to be incomplete and fluid 
aspiration from either side will permit drainage of the entire 
thorax. However, due to chronic inflammation and thickening of 
the mediastinum, unilateral effusions may be noted with certain 
diseases such as chylothorax and pyothorax. Thoracocentesis 

techniques are described in 
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Figure 217-5 Lateral and dorsoventral radiographs of a dog with pleural effusion secondary to chy¬ 
lothorax. Note the loss of the cardiac and diaphragmatic silhouettes, and widened interlobar fissures. 
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Normal pleura is oot generally radiographically visible. 
With pleural thickening, pleural lines may become visible and 
may be mistaken for pleural effusion. A horizontal beam 
radiograph wilJ help differentiate the two. Roentgen signs 
associated with pleural effusion include widened interlobar 
fissures, retraction of the lung margins from the thoracic wall, 
rounding of the lung margins at the costophrenic angles, 
and obscuring of the diaphragmatic and cardiac silhouettes. 
Visualization of the cranial aspect of the cardiac silhouette in 
the presence of pleural effusion is occasionally possible with 
identification of the "pericardial fat stripe" 55 ft is reported that 
a lucent line is occasionally evident at the cranial edge of the 
cardiac silhouette and represents the x-ray beam striking fat 
around the heart at a tangent. To permit more careful evalua¬ 
tion of intra-thoracic structures, radiographs should be repeated 
once the pleural fluid has been removed. 

In the stable animal, ultrasonography should be performed 

prior to fluid removal as the fluid provides an "acoustic window" 
and may allow clearer visualization of intra-thoracic structures 
such as mediastinal masses. Ultrasonography can be used to 
diagnose cardiac functional and structural abnormalities and 
identify pericardial effusion. It may aid in location of encap¬ 
sulated fluid and identification of the appropriate site for 
thoracocentesis. 

Pleural Fluid Evaluation 

Cytologic analysis of pleural fluid obtained via thoracocente¬ 
sis is indicated. Identification of cell types and numbers, pro¬ 
tein levels, and other physical characteristics and biochemical 
markers allow classification of pleural fluids into categories 
that aid in the identification of the underlying etiology. Fluids 
are generally divided into three types: transudates, modified 


transudates, and exudates. Additional sub-classifications include 
chylous, neoplastic, and hemorrhagic effusions. 

Transudates and Modified Transudates 
Pure transudates are clear, colorless fluids with a low total — 
tein and low eellularity (Table 217-1). The primary cell type 
is mononuclear, with macrophages, and mesothelial cells most 
often present in small numbers; occasional lymphocytes 
neutrophils can be seen. With chronicity, there is often a small 

in protein and cell numbers as a result of pleural irri¬ 
tation, Because of the low total nucleated cell count (TNCC), 
cytologic evaluation of a transudative fluid is most efficiently 
accomplished by concentrating cells with a cytospin prepara¬ 
tion. Modified transudates develop from chronic transudates 
or they may result from increased vascular hydrostatic pres¬ 
sure or lymphatic leakage. In their initial stages, inflammatory 
processes may cause modified transudates to be produced. In 
addition to mesothelial cells and macrophages, neutrophils, 
and lymphocytes may be seen. Mast cells, eosinophils, and 
neoplastic cells are less commonly observed. A turbid sample 
may indicate a higher cel! count, which allows cytologic evalua¬ 
tion to be performed from direct smears. A cytospin preparation 
may be used if there are not sufficient cells observed on direct 
smears. Diseases that may result in transudates and modified 
transudates include hypoalbuminemia, right-sided heart failure, 
pericardial disease, diaphragmatic hernia, and neoplasia. 

Exudates 

Exudates have a high protein concentration (see Table 217-1) 

and higher nucleated cell counts than transudates or modified 
transudates. They range in color from white to amber 
red. The high TNCC of exudates allows accurate cytologic 


pro¬ 


of 


increase 


or 


Table • 217-1 


Characteristics of Fluid Types 

TRANSUDATE 


MODIFIED 
TRANSUDAT! 


EXUDATE 


PVOTHORAX 


CHYLOTHORAX FIP 


Protein content <2.5 

(9/dL) 

TNCC* 


>3 


>3.5 


Variable 


>5 


< 1500 


1000-7000 


>7000 


>7000 


< 10,000 


< 10,000 


(cel I s/p L) 


Color 


Clear 


Yellow, whitish- 
pink, red 
Hazy to turbid 


White, amber, 


Amber to red 
or white 
Turbid or 
opaque 


Usually white 
or pink 
Opaque 


Straw to gold 
colored 


red 


Transparency 


Colorless 


Opaque 
(usually) 
Turbid (rarely) 

LDH >200 U/L 


Hazy 


Biochemical 

parameters 


Glucose 
<10 mg/dL 
pH <6.9 
Degenerative 
neutrophils 


Tri g lyceri d e 
> serum 
triglyceride 
Lymphocytes 


Predominant 
cell types 


Mesothelial 

cells, 

macrophages 


Mesothelial cells, 

macrophages 

eosinophils, 

lymphocytes 


Neutrophils 

(most 

common) 

Lymphocytes, 

macrophages, 

mesothelial 

cells, 

neoplastic cells 


Nondegenerative 

neutrophils 


or 


neutrophils 


*7NCC, Total nucleated cell count. 
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produced. 65 In people, high plasma or serum VEGF concen¬ 
trations have been associated with a high tumor burden, pres¬ 
ence of metastases and a poor prognosis, 66 ' 66 However, 
elevations in VEGF are not specific for neoplasia and can also 
be found in inflammatory and infectious effusions. Very high 
VEGF levels have been noted in exudative effusions. 654 One 
study in dogs did not detect a difference in VEGF levels 
between neoplastic and non-neoplastic effusions. 70 In people, 
immunocytochemistry and chromosome analysis may also be 
useful in the diagnosis, classification, and prognostication of 
neoplastic effusions. 

Eosinophilic Effusions 

Pleural effusions are defined as being eosinophilic when 
greater than 10% of leukocytes identified are eosinophils. 
Eosinophilic effusions have been reported in dogs in associa¬ 
tion with heartworm disease, systemic mastocytosis, interstitial 
pneumonia, and disseminated eosinophilic granulomatosis. 

In a retrospective study of 14 cases, eosinophilic effusions 
were associated with diseases such as thoracic wall trauma, 
pneumothorax, neoplasia, congestive heart failure, and hyper¬ 
sensitivity states, 76 In that study, 43% of cases had neoplastic 
diseases. Eosinophilic pleural effusion was diagnosed 2 days 
after pneumothorax developed as a consequence of thoracic 
tube placement in one cat, and pneumothorax was diagnosed 
in another cat with eosinophilic peritoneal effusion. 
Eosinophilic pleural effusion has been associated with pneu¬ 
mothorax in people/ 1 ' 77 A report of a dog with pleural effu- 

secondary to discospondylitis cited cytology of the 
effusion as an exudate with Paecilomyces spp. fungal organisms 
present. 78 The pleural fluid contained a moderate number of 
eosinophils. It is believed that eosinophils may accumulate in 
the pleural space in response to pleural irritation. 79 Some 
authors suggest that leukotrienes or immune complexes may 
be chematactic for eosinophils. 60 Corticosteroid responsive 
eosinophilic effusions have been reported 7 *- 77 ; therefore 
immune-mediated disease should be considered if alternate 
causes are not identified. 


evaluation to be obtained from direct smears. The predomi¬ 
nant nucleated cell typed depends on the cause of the exudate. 
Neutrophils are the most common cell type seen in inflamma¬ 
tory processes. Other nucleated cell types found in exudates 
include mesothelial cells, macrophages, lymphocytes, and 
neoplastic cells, A predominance of lymphocytes may indicate 
a chylous effusion. A mixed cell population, with increased 
numbers of macrophages and neutrophils may be seen with 
more chronic chylous effusions. Fungal disease or foreign body 
reaction should be considered if pyogranulcmatous inflammation 
(equally mixed population of neutrophils and macrophages) 

is noted. 

Mesothelial cells are generally present in all effusions. 
Reactive mesothelial cells can exhibit characteristics of malig¬ 
nancy and should be interpreted with extreme caution in the 
presence of inflammation.* 6 With the exception of lymphoma, 
it can be difficult or impossible to definitively identify a neo¬ 
plastic process on the basis of pleural fluid evaluation. Other 
neoplastic cells that may exfoliate into pleural fluid include 
carcinoma cells, mast cells, and cells from malignant melanoma. 
Degenerative neutrophils indicate a septic process and the 
presence of bacterial toxin; careful evaluation of the smear for 
free or intracellular bacteria should follow. 

Aerobic and anaerobic bacterial culture and sensitivity 

all samples in which degenerative 
present, even if bacteria are not evident. 
Non-degenerative neutrophils suggest a non-septic process 
or low-grade sepsis. Bacterial culture and sensitivity may be 
indicated if alternate causes are not identified. Diseases that 
can result in exudative pleural effusions include neoplasia, 
chronic diaphragmatic hernia, feline infectious peritonitis, 
lung lobe torsions, lymphatic obstruction or leakage, and 
infectious processes. 

Biochemical Parameters and Additional 
Fluid Evaluation 

Many biochemical parameters of pleural effusions have been 
studied in attempts to further classify effusions and determine 
underlying etiologies. Most of these assays have been validated 
in people but have not been fully characterized in veterinary 
medicine. Analyses most frequently used in veterinary 
medicine include triglyceride, cholesterol, pH, lactate dehy¬ 
drogenase (LDH), and glucose levels. Serum and fluid triglyc¬ 
eride concentration comparisons are used to definitively 
diagnose chylothorax (see below). Glucose and pH measure¬ 
ments can be helpful in identifying septic effusions; studies 
of pleural effusions in cats indicate that a glucose less than 
10 mg/dL and a pH less than 6,9 are supportive of a septic 
effusion. 57 In people, a glucose concentration lower than 
normal is suggestive of tuberculosis, malignancy, rheumatoid 
disease, or a parapneumonic effusion. In one study of cats with 
pleural and peritoneal effusions, adenosine deaminase levels in 
effusions from cats with FIP were higher than those in unaf¬ 
fected cats. 56 

In humans, much work has concentrated on testing that 

may help differentiate neoplastic from non-neoplastic effu¬ 
sions. The pH of malignant effusions is typically greater than 
7.2, 57 As noted above, decreased glucose concentrations can 
be supportive of neoplastic disease. Te Some rase enzyme activ¬ 
ity has been evaluated and was found to be equally as sensi¬ 
tive but less specific than cytology in differentiating fluid of 
malignant versus benign origin. 59 Vascular endothelial growth 
factor (VEGF) is expressed by some tumors and is believed to 
be a causative factor in the pathogenesis of both neoplastic 
and non-neoplastic effusions 60-62 by increasing capillary per¬ 
meability. 63 Receptors for VEGF have been found in mesothe¬ 
lial cells, 64 In mice models, blockage of VEGF activity has 
led to a marked reduction in the volume of pleural effusion 
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neutrophils are 
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PYOTHORAX 


Pyothorax is the presence of purulent material in the pleural 
space; bacterial pleuritis results in accumulation of hemopu- 
rulent fluid. The pleural fluid is classified as an exudate. 
Cytology usually reveals a very high nucleated cell count 

(often 50,000 to 100,000/uLj and is composed primarily of 

degenerative neutrophils. Nondegenerate neutrophils can be 
present if the animal was previously treated with antibiotics 
or in the presence of certain bacterial agents. Effusions caused 
by fungi and bacterial organisms such as Actinomyces and 
Nocardia spp. may contain non degenerative neutrophils and 
macrophages if toxins produced affect only cells in close 
approximation to the organisms. 81 Multiple intra- and extra¬ 
cellular bacteria can be present; however, the possibility of 
contamination should be examined if only extracellular bac¬ 
teria are noted. Macrophages are present in various numbers, 
depending on the causative organism and chronicity of the 
effusion. Leukophagocytosis is often seen in chronic infec¬ 
tions. Reactive mesothelial cells are frequently present and 
should be interpreted with caution as they can exhibit crite¬ 
ria of malignancy. Multiple organisms are often cultured. In 
cats, obligate anaerobes or Pasteurella spp. are the most 
common isolates; in dogs obligate anaerobes or gram-positive 
filamentous organisms (he., Actinomyces and Nocardia spp.) 

are frequently cultured (Table 217-2). 

The cause of pyothorax is often not identified. It can result 
from penetrating thoracic wounds, migration of foreign 
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Table • 217-2 


Bacteria Commonly Associated with Pyo thorax in Small Animals 


OXYGEN 

REQUIREMENTS 


BACTERIA 


CRAM STAIN 


MORPHOLOGY 


ANTIBIOTIC SENSITIVITY* 


A ctinomyces 
spp. (most 
common 
in dogs) 


Facultative 
anaerobe to 
strict 
anaerobe 


Gram-positive 


Small rods; may form 
filaments; often beaded 
and difficult to discern in 
clinical specimens; may 
form sulfur granules 
Bacilli; pleomorphic and 
may be beaded or cocci, 
often stain poorly and 
are difficult to see 


Ampicillin, amoxicillin plus davulanic 
acid, penicillin* clindamycin, 
chloramphenicol, erythromycin, 
minocycline 


Bacteroides spp. 


Obligate 

anaerobe 


Gram-negative 


Most Bacteroides — ampicillin, 
amoxicillin plus davulanic add, 
clindamycin, chloramphenicol, 
metronidazole 

B. frag His — amoxicillin +■ davulanic 
acid, clindamycin, chloramphenicol, 
metronidazole 

Most Clostridium — ampicillin, 
amoxicillin plus davulanic add, 
chloramphenicol, metronidazole 
C perfringens — ampicillin, 
amoxicillin plus davulanic acid, 

cefoxitin, clindamycin, 

chloramphenicol, metronidazole, 

erythromycin 

Amikacin, enr ofloxacin, ceftizoxime, 

potentiated sulfa drugs 


Clostridium spp . 


Obligate 

anaerobe 


Cram-positive 


Rods; large, frequently 
encapsulated, motile, 
spores uncommon from 
clinical specimens 


Escherichia cofi 


Aero be, 
facultative 
anaerobe 
Obligate 
anaerobe 
Facultative 
a n a e robe 
Aerobe 


Gram-negative 


Rods but shape can vary 
widely; never forms 
spores 

Bacilli; often have a 

cigar-shaped appearance 
Rods; mucoid and 
encapsulated 
Long, filamentous and 
branching cocci or bacilli; 
most species produce 
hyphae; exudates typically 
h a ve a ppea ra nee of to m a to 
soup; sulfur granules 
may be uncommon 

Coccobacilli; pleomorphic, 

bipolar staining 


Fusobocteri um 


Gram-negative 


Penicillin, clindamycin, 

chloramphenicol, metronidazole 
Cephalosporin, gentamicin, 
tobramycin, ticorcilJin 
Trimethoprim-sulfa, amikacin, 

imipenem, ciprofloxacin, 
cefotaxime, ceftriaxone 


spp. 


Klebsiella spp. 


Gram-negative 


Nocordia spp r 
(most 
common 
in dogs) 


Cram-positive 
(partly acid 
fast) 


Pasteureila spp, 

(most 

common 
in cats) 

Pseudomonas spp. Ae robe 


Facultative 

anaerobe 


Gram-negative 


Ampicillin, amoxicillin plus 

davulanic acid, cephalosporins, 
aminoglycosides 


G ra m - n eg a t fve 


Rods; slender, motile 


Ticarcillln plus davulanic add* 
amikacin, enrofloxadn, 
gentamicin, tobramycin, 
cefotaxime 


* Boldface type denotes typical drugs of choice. 

Modified from Possum, TW: Small animal surgery, ed 2, St Louis, 2002, Mosby, p 813. 


material {eg., grass awns, particularly in working or hunting 
dogs), hematogenous spread, extension from other sites such 
as discospondy litis or pneumonia, pulmonary neoplasia, pul¬ 
monary or thoracic wall trauma, or from a postoperative 
infection. The underlying disease process should be identified 
and treated if possible.-- 

These animals should be managed aggressively as treat¬ 
ment with antibiotics alone is not usually effective. A chest 

tube should be placed once the diagnosis is made. Bilateral 

thoracostomv tubes are 


effusions as thickening of the pleura may create a complet 
mediastinum. Most animals can be successfully managed with 
intermittent tube aspiration. Thoracic lavage with warm saline 
or laetated Ringers solution should he performed 
three times daily. Twenty mL/kg should be infused slowly into 
the thoracic cavity and allowed to remain for 1 hour. Animals 
should be closely monitored for dyspnea and the lavage fluid 
removed earlier if necessary. 

The addition of antibiotics to the lavage fluid offers 
advantage over appropriately administered systemic antibiotics. 


e 


two or 


no 


sometimes necessary with chronic 
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space, whereas in the cat it lies to the left side throughout its 

course through the diaphragm. 

Animals presenting with chylous pleural efhision should 
be thoroughly evaluated for underlying diseases that may 
interfere with lymphatic flow or increase the pressure against 
hich the thoracic duct must empty. These include heart disease 
(cardiomyopathy, heartworm disease, pericardial effusion, tetral- 
^ of Fallot, tricuspid dysplasia, or cor triatfiatum dexter), 
cranial mediastinal masses [lymphoma, thymoma), fungal gran¬ 
ulomas, venous thrombi, or congenital abnormalities of the TD. 

In those cases with a defined etiology, treatment is aimed at 
the underlying cause. Intermittent thoracocentesis palliates 
the clinical signs until a definitive treatment is instituted (if 
possible). In the majority of animals, however, a cause is not 

identified {idiopathic chylothorax). 

Although any breed of dog or cat may be affected, breed 

dispositions are suspected in Afghan hounds, Shiba Inns, and 
Oriental cat breeds [Siamese, Himalayan). A sex predilection 
has not been identified and the disease has been reported in 
all ages. Afghans tend to develop the disease in middle age, 
whereas affected Shiba Inus tend to be less than 1 year of age. In 
one study that showed older cats more likely to be affected than 
younger ones, an association with neoplasia was suspected,* 4 
Coughing is usually the first and may be the only clinical 
sign noted in both dogs and cats. Animals with a history ol a 
chronic cough that is unresponsive to general treatment should 
be evaluated for the presence of thoracic fluid. As noted earlier, 
coughing may be caused by irritation from the effusion or trom 
the underlying disease process. Many animals present with 
acute respiratory distress as an emergent situation to the vet¬ 
erinarian, without overt history of previous clinical signs of 

respiratory disease. 

Physical exam findings attributable to the presence of 
pleural fluid include decreased or muffled heart sounds, 
decreased ventral lung sounds, and increased broncho vesicular 
sounds dorsally. Mucous membrane color varies from normal 
to cyanotic, depending on the severity of respiratory compro¬ 
mise. Weight loss is often noted with animals with chronic dis- 

due to the loss of fat and protein into the thoracic cavity, 

findings such as heart murmurs may be 

present depending on the underlying disease process. 

Thoracocentesis revealing milky, opaque fluid permits a 
tentative diagnosis of chylotborax and should prompt the vet- 
erinarian to search for underlying causes. The fluid consistency 
and color will vary depending on dietary fat content and the 
presence of concurrent hemorrhage. Fluid samples should be 
placed in an EDTA tube for cytologic evaluation. Although 
lymph fluid is resistant to infection due to the presence of 
fatty acids, samples should be submitted for bacteriologic cul- 

and sensitivity, particularly if repeated thoracocentesis 
has been performed. Chylous fluid may be classified as an 
exudate or as a modified transudate, depending on the protein 
levels and nucleated cell counts which can vary with ehronkity 
and previous treatment. Lymphocytes are typical, but nonde¬ 
generate neutrophils are commonly noted with more chronic 
cases. Protein content is variable and may be inaccurate due to 
the high lipid content of the fluid. Truly chylous fluids should 
contain chylomicrons, should clear with the addition of ether, 
and be positive for the presence of lipid droplets with Sudan 
HI stain. A definitive diagnosis of chylothorax is obtained by 
comparing fluid and serum triglyceride levels; in chylothorax, 
fluid triglyceride should be higher than that of simultaneously 

collected serum. 

Differential diagnoses include any other causes of cough or 
pleural effusion. Once the diagnosis of pleural effusion is made, 
diseases that cause exudative effusions, such as pyothorax, 
are considered differentials and should be investigated. 
Pseudochylous effusion refers to thoracic fluid in which the 
fluid triglyceride level is less than that of serum and fluid 


Antibiotics should be chosen based on Gram stain and micro¬ 
bial culture and sensitivity' results. Due to the high proportion 
of anaerobic infections, drugs with a spectrum against obligate 
anaerobic organisms should be used. Antibiotics should be 
continued for a minimum ol 4 to 6 weeks. Surgery is manda¬ 
tory In animals with underlying diseases such as foreign bodies, 
lung abscesses, or lung lobe torsions; and should be considered 
in animals that do not respond to medical treatment in the 
first 3 to 4 days. Readers are referred to a surgical text for 

additional information. 
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CHYLOTHORAX 


Chyle is the milky fluid absorbed by the lacteals from food in 
the intestines. It is composed of lymph and triglyceride 
droplets (chylomicrons). Chylothorax refers to the accumula¬ 
tion of chyle in the pleural space. Chylothorax was 
believed to be a result of trauma to the thoracic duct. Although 
this occasion ally occurs in veterinary patients, the resulting 

sually self-limiting and resolves within 2 weeks. 
Trauma is H however, still considered a reasonable cause of chy¬ 
lothorax in human patients. Chylothorax may develop from 
increased lymphatic flow (due to increased hepatic lymph 
production), from decreased lymphatic drainage into the 
venous system, or from both. Disease processes that result in 
increased systemic venous pressures, such as right-sided heart 
failure, have been shown to cause chylothorax.* 2 FeLV and 
FIV status should be evaluated in affected cats. Chyle is thought 
to exude from intact but dilated thoracic lymphatics (thoracic 
lympbangectasia) (Figure 217-6). Chylothorax may also occur 
in conjunction with diffuse lymphatic disease such as intestinal 
generalized lymphangectasia, Chylothorax secondary to 
pulmonary lymph angiosarcoma has recently been reported in 

a dog. 
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The thoracic duct (TD) arises from the cisterna chyli and 
is the major lymphatic vessel for the return of lymph to the 
venous system. Thoracic duct anatomy varies between and 
among species. It usually begins as a single duct, but multiple 
branches are often present. The convergence with the venous 
system occurs at the Venous angle" in the cranial vena cava 
where the external and internal jugular veins meet. In the dog 
the TD lies to the right of midline in the caudal thorax and 

to the left side at approximately the fifth intercostal 
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Figure 217-6 Mesenteric lymphangiogram from a normal dog 
[left] and a dog with idiopathic chylothorax (righf), Notice the 
entrance of the thoracic duct into the venous system in the 
normal dog and die marked lymphangiectasia in the dog with 
hylothorax. Chylothorax is thought to occur as a result of leakage 
from these dilated, tortuous cranial mediastinal lymphatics. 
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SECTION XIII 


* Respiratory Disease 


cholesterol level greater. Pseudochylous effusions 
veterinary patients and may be associated with tuberculosis. 

As noted earlier, treatment should be directed at the 
underlying disease process, if identified, and clinical signs pal¬ 
liated by intermittent thoracocentesis. Resolution of the effu¬ 
sion will depend on the underlying cause and may take several 
months. Surgical treatment should only be considered in ani 
mals with idiopathic chylothorax or those that do not respond 

to medical management. 

Med ical m a na gemen t of an i m als wi th chylotho ra x i nvolves 
feeding a low-fat diet, performing needle thoracentesis 
needed to relieve dyspnea (not on a regular basis), and sup¬ 
plementing the dog or cat with a benzopyrene such as Rutin 
(50 to 100 mg/kg, TID, PO). The effusion may spontaneously 
resolve over a period of weeks or months, If the animal cannot 
be managed medically, surgical intervention is typically recom¬ 
mended, Thoracic duct ligation is the most widely accepted 
method lor treating animals with chylothorax, yet this inter¬ 
vention has not been reported to be highly successful in allevi¬ 
ating the chylous accumulation. Thoracic duct ligation resulted 
in complete resolution of pleural effusion in only approxi¬ 
mately 50% oi dogs operated; in cats, the success rate was even 
less [<40%). 84 ^ A more recent study reported 100% efficacy 

in dogs and 80% in cats when 1 D ligation and/or pericardic- 
tomy were performed . 1m 

Advantages of thoracic duct ligation are that if it is suc¬ 
cessful it results in complete resolution of pleural fluid ( 
compared to palliative procedures such as pleuroperitoneal 
shunting) and thus it may prevent fibrosing pleuritis from 
developing. Disadvantages include that operative time is long, 
which is problematic in debilitated animals, there is a high inci¬ 
dence ol continued or recurrent chylous or nonchylous {from 
pulmonary lymphatics) effusion, and mesenteric lymphan¬ 
giography is often difficult to perform, particularly in cats. 
Without mesenteric lymphangiography, complete ligation of 
the thoracic duct is difficult to ensure. Ligation of the thoracic 
duct using thoracoscopy has been described. S7 

fhoracic duct ligation plus pericardectomy was recently 
reported as a treatment for chylothorax. 6 ® In this study, TD 
ligation plus pericardectomy was performed in 18 animals, 
and pericardectomy alone was performed in an additional two 
animals. Nineteen animals presented for evaluation of chy- 
lothorax (9 dogs, 10 cats), whereas one dog presented for 
serosanguineous pleural fluid after TD ligation that had been 
performed elsewhere. Echocardiography was normal in all 
animals with the exception of a subjectively thickened peri¬ 
cardium in six dogs and seven cats. Clinical signs of pleural 
fluid resolved in ten of ten dogs and eight of 10 cats after 

surgery. The overall success rate for surgical treatment of chy- 
iothorax in this study was 90%. 


enter the abdomen. A diagnosis is not usually made on fluid 
evaluation because of the difficulty in differentiating neoplas¬ 
tic Versus reactive mesothelial cells (see above); a surgical or 
thoracoscopic biopsy is generally necessary to obtain a defini¬ 
tive diagnosis. Readers are referred to an oncologic textbook 
for additional information 

mesotheliomas. 

In human medicine, pleurodesis is often used to decrease 
the incidence ol malignant effusions. Attempts at pleurodesis 
dogs have been unrewarding 31 and are not recommended 
by the authors. More recent research has focused on the pos¬ 
sible etiologies of the effusions. Vascular endothelial growth 
factor (VEGF) is thought to play a role in the development of 
malignant effusions. Studies in mice have demonstrated a 
reduction in the formation of pleura! effusion with treatment 

directed at VEGF receptor inhibition.® 5 
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PNEUMOTHORAX 


Traumatic Pneumothorax 

Pneumothorax in small animals is most frequently closed (no 
communication between the pleural space and external envi¬ 
ronment) and traumatic in origin secondary to motor vehicle 
accidents or other blunt trauma. Pulmonary or bronchial rup¬ 
ture can occur when a blow to the thorax results in a sudden 
increase in intrathoracic pressure, theoretically against a dosed 
glottis. Alternatively, shearing forces on the lung may result in 
subpleural bleb formation, similar to that seen in spontaneous 
pneumothorax. Pneumothorax secondary to a bronchial tear 
has been reported following venipuncture in a kitten, 32 

Penetrating injuries such as bite wounds and gunshot wounds 
can result in an open pneumothorax, where communication 
exists between the pleural space and external environment. 
Penetrating wounds may permit influx of air into the pleural 
space with inspiration and rapid equilibration of intrathoracic 
and atmospheric pressures. The normal pressure gradient is 
necessary for mechanical function of the lungs and proper 
air exchange. Loss of negative intrathoracic pressure also 
decreases venous return to the heart. Abdomina, wounds may 
result in a pneumothorax if a diaphragmatic hernia is present. 
A tension pneumothorax develops when the fistula between 
the pleura and the external environment or the pleura and the 
lung acts as a one-way valve, which allows air to enter 
inspiration but not exit on expiration. Positive pressure devel¬ 
ops in the pleural space causing collapse of the lungs and great 
veins. Fatal decreases in ventilation and cardiac output rapidly 
ensue. Iatrogenic tension pneumothorax has been reported 
secondary to lung or airway rupture in animals that receive 
positive pressure ventilation/* As with diaphragmatic hernias, 
young male dogs are more likely to incur vehicular or other 
causes of trauma and are therefore more likely to develop 

traumatic pneumothorax. Traumatic pneumothorax is less 
commonly reported in cats. 

Spontaneous Pneumothorax 

Pneumothorax is classified as spontaneous when no traumatic 
or iatrogenic cause is identified. Spontaneous pneumothorax 
thought to result from rupture of pulmonary blebs or bullae 
and is considered primary when there is no evidence of under¬ 
lying pulmonary disease. Subpleural blebs are most commonly 
located in the apices of the lungs. Primary spontaneous pneu¬ 
mothorax occurs most frequently in large, deep-chested dogs 
such as hounds. One recent retrospective study reported 
over-representation of Siberian Huskies in their case popula¬ 
tion/ 14 Middle-aged dogs are most commonly affected; there 
does not appear to be a sex predilection. 

Secondary spontaneous pneumothorax is more common 

m dogs than the primary form and occurs when there is 


as 


on 


NEOPLASTIC PLEURAL EFFUSION 


Differentiation of neoplastic and non-neoplastic effusions can 
be difficult. Neoplastic processes commonly resulting in pleural 
effusion include mesothelioma, lymphoma, multiple myeloma, 
carcinoma of the lung, and metastatic mammary neoplasia. 
Effusions caused by neoplastic processes are often hemorrhagi 
Mesotheliomas can arise from the mesothelial cells of 
the pleura, pericardium, or peritoneum and can be malignant 
or benign. Congenital mesotheliomas have been described 
in calves, k* In people, mesotheliomas are frequently associated 
with exposure to asbestos.* 5 Histologically, mesotheliomas 
can be fibrous or epithelial; in humans both are seen but pleu¬ 
ral mesotheliomas in dogs are predominantly the epithelial 
type. Metastasis to other intrathoracic organs such as the 
myocardium, tracheobronchial lymph nodes, and lung is 
common. This tumor may also invade the diaphragm and 
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underlying pulmonary disease such as pulmonary abscesses, 
diffuse emphysema, neoplasia, dirofiJiarisis, pneumonia or 
pulmonary parasites such as Paragonimus spp. Spontaneous 
pneumothorax has also been reported in cats with Dirofilaria 
immitis infection. 1 - It may also be seen secondary to chronic 
granulomatous infections or 
subsequent overpressuriz.ation ol abnormal lungs.'* 3 L)t> The 
majority of affected people are cigarette smokers, which sug¬ 
gests that the underlying pulmonary' disease could be a result 
of interference of the normal function of alpha r antitrypsm in 
inhibiting elastase, It is believed that alpha ,-anti trypsin is inac¬ 
tivated in people who smoke, which allows increased elastase- 
induced destruction of pulmonary parenchyma. 

History* and Physical Examination 

Animals with pneumothorax generally present with acute 
dyspnea and shallow, rapid respiration. A history of trauma is 
often vague, which makes it sometimes difficult initially to 
distinguish between traumatic and spontaneous pneumotho- 
In animals with secondary spontaneous pneumothorax, a 
history attributable to underlying respiratory disease (e.g,, 
chronic cough, fever) may be ascertained. Dogs with pneu¬ 
mothorax are initially able to compensate by increasing their 
chest wall expansion with inspiration. Animals with hypox¬ 
emia will appear cyanotic Hypoxemia is thought to be a 
result of impairment of gas exchange, increased pulmonary 
shunting, and V/Q (ventilation-perfusion) mismatch 97 (increased 

alveolar-arterial ?0 2 difference). In traumatic pneumothorax, 
concurrent injuries such as rib fractures and pulmonary contu¬ 
sions may exacerbate the clinical signs oi respiratory compro¬ 
mise. Auscultation of the thoracic cavity may reveal decreased 
muffled heart and lung sounds dorsally, Tension pneumoth¬ 
orax is a rapidly fatal condition. A barrel-shaped chest may be 
evident as pressure within the thoracic cavity increases. 
Cyanosis and signs attributable to markedly decreased cardiac 

output are evident. 

Diagnosis 

Thoracocentesis should be performed to stabilize the dyspneic 
animal prior to thoracic radiographs being taken , Pneumothorax 
is most commonly bilateral. Radiographic signs consistent 
with a pneumothorax include elevation of the heart off the 
sternum, collapse of the lung lobes and retraction from the 
chest wall, and a radiolucent area of free air in which no pul¬ 
monary vascular structures are visible, most evident in the 
caudal thorax (Figure 217-7). In severe cases, the diaphragm 
may appear flattened or caudaUy displaced. Apparent eleva¬ 
tion of the heart from the sternum is a result of atelectasis 
of the dependent lung lobes allowing the heart to shift its 
position with the chest. To identify small volumes of free air, 
the most sensitive radiographic view is a horizontal beam 
taken with the animal in lateral recumbency. Although it may 
be difficult to identify in the presence of collapsed lung lobes, 
radiographs should be carefully evaluated for underlying 
pulmonary parenchymal or other thoracic diseases such as 
trauma or neoplasia. Pulmonary blebs are difficult to iden¬ 
tify radiographically. Bullae may be an incidental finding in 
some cases. Removal of air with thoracocentesis is diagnostic 
of pneumothorax if radiographs are unclear or unavailable. 
Pneumomediastinum is characterized by the ability to distin¬ 
guish thoracic structures (i.e,, aorta and great vessels, trachea, 

esophagus) within the mediastinum that are not 

usually apparent on thoracic radiographs. 




chronic airway obstruction and 


Figure 217*7 Lateral radiograph of a dog with pneumothorax. 
Note the apparent elevation of the heart from the sternum. 


rax. 




Treatment 

A thoracostomy tube may be required in animals in which air 
rapidly accumulates. Intermittent or continuous aspiration 
be used depending on the volume of air recovered from 
the thoracic cavity and rate at which it accumulates. Once the 
animal has been stabilized, the cause of the pneumothorax 
should be identified. Traumatic pneumothorax is most com¬ 
monly managed conservatively; surgical intervention is rarely 
necessary Thoracocentesis or chest tubes (see Chapter 103) 
be used to manage air accumulation and dyspnea while 
the pulmonary lesions heal, usually within 3 to 5 days. 
Supplemental oxygen therapy may be beneficial in animals 
with pulmonary contusions or hemorrhage. Pain management 
is essential in animals that have experienced trauma; anal¬ 
gesics may help improve ventilation by decreasing the pain 
associated with thoracic wall movement. Recurrence of trau¬ 
matic pneumothorax is uncommon. Open chest wounds 
should be covered immediately. Once the animal has been 
hospitalized, the wound can be addressed and covered with 
a sterile, occlusive dressing. Readers are referred to a surgi¬ 
cal text for more detailed information on thoracic wound 

management. 

Animals with spontaneous pneumothorax generally 
require thoracostomy tube placement. As opposed to animals 
with traumatic pneumothorax, those with spontaneous dis- 

often require surgical in tervention. A median sternotomy 
allows access to both sides of the lungs and permits thorough 
exploration of the thoracic cavity. If not immediately evident, 
pulmonary and airway leaks may be identified by filling the 
pleural space with warm physiologic saline and Looking for air 
bubbles. Animals that undergo surgical treatment of sponta¬ 
neous pneumothorax are less likely to have recurrence and 
have lower mortality than those that are managed conserva¬ 
tively.- 14 Surgical exploration may permit identification of the 
underlying etiology' that may have not been readily apparent 
previously. Thoracoscopic evaluation of the thorax has been 
reported for people and dogs with spontaneous pneumothorax 
and may obviate the need for surgery if a cause can be identi¬ 
fied and treated. 98 ' 11 * 1 
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Pulmonary Hypertension and Pulmonary Thromboembolism 


Kristin A. MacDonald 
Lynelle R. Johnson 


Pulmonary Hypertension 


Pre-capillary PH occurs due to abnormalities of the pul¬ 
monary arterial vascular bed and is characterized by increased 
systolic, mean, and diastolic PAP, increased PVR, and normal 
PCWP. PVR is closely related to total cross-sectional area of 
the small muscular arteries and arterioles. Gi 
capacitance of the pulmonary vasculature, 50% of the pul¬ 
monary vasculature must be destroyed before PH develops.* 1 
Diseases that cause pre-capillary PH include primary pulmonary 

hypertension (PPH), Eisenmenger's complex, chronic pul¬ 
monary disorders, pulmonary thromboembolism [PTE), and 
peripheral pulmonary artery branch stenosis. PPH has not yet 
heen identified in veterinary medicine. Eisenmengers syn¬ 
drome is an irreversible, obliterative vascular disease that 
results from severe left to right shunting congenital heart dis¬ 
ease that reverses to shunt right to left. Chronic respiratory 
disorders may result in PH in some individuals through 
hypoxic pulmonary vasoconstriction, extramural compression 

oi the pulmonary arterioles, and destruction of pulmonary 
microvasculature. In the absence of pulmonary arterial patho¬ 
logic changes (plexiform lesions, necrotizing arteritis, hyalin- 
izing fibrosis), PH due to hypoxic vasoconstriction may be 
dynamic and respond to therapeutic intervention. 

In post-capillary PH, PAP passively increases due to 
elevated PCWP. PA diastolic pressure is within 5 mm Hg of 
the PCWP, and PVR is normal. Left-sided congestive heart 
failure (CHF) is the most common cause of increased PCWP 
and may result from severe mitral valve disease, dilated 
cardiomyopathy, or diastolic heart disease. A mixed hemody¬ 
namic response may be seen with chronic elevations in PCWP 
and consists of a disproportionate elevation in PA pressures 
in comparison to elevated PCWP. The mechanism for 
increased PVR in response to elevated PCWP is not entirely 
dear but likely involves endothelin-1 release, endothelial 
dysfunction, and abnormal pulmonary vasodiiatory 
Approximately 30% of human patients with chronic pul¬ 
monary venous hypertension develop increased PVR. 4 Based 
on clinical experience, a low percentage of dogs with 
mitral regurgitation have 
of PH. 


Pulmonary hypertension (PH) is defined by a systolic pul¬ 
monary artery pressure greater than 25 mm Hg. The incidence 
of PH is difficult to define due to lack of clinical 


the high 


a wareness, 

nonspecific clinical signs, and difficulty in confirming the diag¬ 
nosis. Unfortunately, many patients with PH 


ven 


are diagnosed 

late in the course of disease when irreversible vascular pathology 
has developed. PH results from many diseases and pathophys¬ 
iologic mechanisms and most commonly occurs secondary to 
chronic cardiopulmonary disease. 


Relevant Pulmonary Physiology 

Normal pulmonary vasculature is a low-resistance, low-pressure, 
high-capacitance circuit. Normal, awake dogs at sea-level have 
a systolic pulmonary artery (PA) pressure between 15 to 25 
mm Hg, end-diastolic PA pressure of 5 to 10 mm Hg, and a 
mean PA pressure of 10 to 15 mm Hg. ( When cardiac output 
increases, such as during exercise, there is recruitment of addi¬ 
tional pulmonary arterioles to maintain normal PA pressure. 
Regional pulmonary perfusion is regulated by pulmonary 
arteriolar vasoconstriction. Hypoxic vasoconstriction matches 
pulmonary perfusion to alveolar ventilation and limits the 

arterial oxygenation* However, 
with global alveolar hypoxia, the protective effects of hypoxic 

vasoconstriction are offset by widespread vasoconstriction and 
development of PH, 

The vascular endothelium mediates vascular tone and 
remodeling through release of several neurohormonai factors, 
and endothelial injury plays a key role in development of PH. 

In the normal lung, there is a balance between locally acting 
vasodilators including prostacyclin (PGIJ and nitric oxide 
(NO) versus potent vasoconstricting substances including 
thromboxane, endothelin-I (ET-l), and angiotensin II (AT-II). 
Endothelial dysfunction in PH contributes to smooth muscle 
cell proliferation, increased production of vasoconstrictor 
mediators including ET-l and AT-II, and decreased synthesis 
of vasodilating substances including PGi 2 and NO. 2 Pulmonary 
artery thrombi are seen histologically in both primary PH 
(PPH) and secondary PH in people. Pro-coagulant affects may 
be mediated by increased TXA 2 and tissue factor, as well as 
reduced anti-coagulant mediators including NO, PGb, and 
throm bo m od ulin . 3 


impact of low ventilation on 


reserve. 


severe 

mixed hemodynamic response 


Pulmonary blood flow (PBF) can be increased selectively by 
left to right shunting congenital heart diseases (ASD, VSD, 
PDA) and some patients are at risk for development of 
Eisenmenger's physiology. PBF is also increased by high output 
cardiac disease (arteriovenous fistula, chronic anemia, and 
hyperthyroidism),' however, most patients do not develop 
recognizable PH* Pneumonectomy leads to selective increases 

in pulmonary blood flow, but PH is not recognized as a com¬ 
plication in dogs. 

Cor pulmonale is defined as heart disease due to PH result¬ 
ing from chronic pulmonary disease. The most common cause 
of cor pulmonale in veterinary medicine is heartworm disease 
in dogs. PH leads to acquired pressure overload of the right 
tricle characterized by chamber dilation primarily and also 
concentric hypertrophy. RV myocardial failure may occur due 


Classification of Pulmonary Hypertension 

Classification of PH through hemodynamic and pathophysio¬ 
logic mechanisms helps to guide interventional treatment. Mean 
pulmonary artery pressure (MPAP) is related to pulmonary 

blood flow (PBF) and pulmonary vascular resistance (PVR) by 
the equation 


MPAP — (PVR x PBF) 4 Pulmonary capillary wedge 

pressure (PCWP) 

Abnormalities of any component of tins equation can cause PH. 


ven- 
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to inadequate reduction of wall stress and may be worsened 
by myocardial ischemia from reduced right coronary artery 

perfusion pressure. 2 The extent of concentric hypertrophy 
and dilation of the RV ventricle depends on the age oi the 

animal the severity and duration ol pressure overload, and the 
time course of progression. 

Clinical Features 

Clinical manifestations of PH are difficult to distinguish from 
those of underlying cardiopulmonary disease. Ascites may be 
the most obvious abnormality and is often accompanied by 
other signs of right heart failure including jugular vein disten¬ 
sion or pulsation, subcutaneous edema, and cachexia. The 
most common clinical signs are nonspecific respiratory abnor¬ 
malities such as coughing, tachypnea, and respiratory distress. 
Syncope is relatively common in dogs with PH. Adventitious 
lung sounds may be auscuited with primary respiratory disease 
or CHR Cyanosis can be seen in patients with right-to-left 
cardiac shunts or severe respiratory disease. Cardiac ausculta¬ 
tion may reveal a split or loud pulmonic component to the 
second heart sound. Right and left apical systolic murmurs are 
commonly heard due to tricuspid and mitral regurgitation, 
respectively. 

A minimum database iCBC, chemistry, urinalysis) and 
heartworm test should be performed to identify underlying 
diseases that may be associated with PH. Hypoxemia and aci¬ 
dosis should be identified since hypoxemia can cause PH and 
both may worsen PH. 

Thoracic radiographs are necessary to detect respiratory or 
cardiac diseases that may be associated with PH. Thoracic 
radiography is almost always abnormal, and cardiomegaly is 
most commonly seen. Identification of RV enlargement and 
dilated central pulmonary arteries with rapid tapering towards 
the periphery should greatly increase clinical suspicion of 
severe PH (Figure 218-1). Eisenmenger's complex is charac¬ 
terized by pulmonary undercirculation and right heart 
enlargement. Substantial left atrial enlargement and perihilar 
to caudo-dorsal pulmonary infiltrates indicate left sided CHF 
and possible post-capillary PH, 


Electrocardiographic assessment of right heart enlarge¬ 
ment is insensitive, and abnormalities are present only with 
severe? PH, Deep S waves and right axis deviation may be seen 
with severe RV hypertrophy, and tall peaked P waves may 
indicate right atrial enlargement. Sinus tachycardia is a 
common rhythm abnormality. 

Echocardiography is a useful, noninvasive tool to detect 
PH and cor pulmonale in veterinary and human medicine. 5 6 
Echocardiographic characteristics include RV concentric 
hypertrophy and dilation, dilation of the main pulmonary 
artery and main branches, systolic flattening of the interven¬ 
tricular septum, and paradoxical septal motion (Figure 218-2). 
In severe PH, the left ventricular dimensions may be reduced 
due to ventricular underfilling and ventricular interdepen¬ 
dence. Pulmonic stenosis (PS) must be ruled out by a normal 
PA systolic blood flow velocity of less than 1.5 m/s before PH 
can he documented. In the absence of PS, the RV systolic 
pressure equals the PA systolic pressure. Using the modified 
Bernoulli equation (Pressure gradient = 4 x velocity 2 ), spectral 
Doppler allows reasonably accurate estimations of RV systolic 
pressure via measurement of triscuspid regurgitation velocity, 
and PA diastolic pressure via measurement of pulmonic insuf¬ 
ficiency velocity (Figure 218-2), The RV:RA pressure gradient 
is added to the estimated RA pressure (5 mm Hg is normal, 

10 to 15 mm Hg in right heart failure) for the estimated RV 
systolic pressure, which approximates PA systolic pressure. 

Ri ght h eart catheterization is the gold stan da rd for di agnosis 
of PH and determination of the hemodynamic classification. 
Unfortunately, catherization requires sedation anesthesia, and 
these patients are already at increased risk for anesthetic 
complications. Cardiac output and pressures can be measured, 
which allows calculation of PVR, Cardiac catheterization allows 
for pharmacologic tests of vasodilators to identify reversible 
lesions and evaluate potential pharmacologic treatments. 

Tr eatm e nt 

Treatment of PH is aimed at correcting the specific hemody¬ 
namic abnormality. Left CHF is treated with diuretics, 
angiotensin-converting enzyme (ACE) inhibitors, and possibly 
careful use of afterload reducing agents (amlodipine or 
hydralazine). Resolution of symptomatic CHF often reduces 
post-capillary PH and clinical signs of syncope. Surgical or 
interventional techniques may be used to correct left to right 
shunting congenital heart diseases but should never be 
attempted in patients with right to left shunts since it will 
hasten death. Cautious use of diuretics and ACE-inhibitors 
are indicated for right heart failure, since patients may 
develop symptomatic hypotension if they become signifi- 
candy volume underloaded in the face of fixed PVR, ACE- 
inhibitors have been shown to delay pulmonary vascular 
remodeling in experimental animals and have produced ben¬ 
eficial hemodynamic effects in people with cor pulmonale. 7 
Digoxin improved cardiac output and reduced circulating 
norepinephrine concentration in people with primary PH and 
symptomatic right heart failure 2 and could be considered for 
treatment of severe PH and right heart failure in veterinary 
patients. 

Treatment of precapillary PH is aimed at reducing PVR 
and RV pressure overload. Pulmonary vasodilator trials may 
be performed during cardiac catheterizations to identify 
responsive patients; however, most veterinary patients likely 
have fixed PVR at the time of diagnosis. Short-acting vasodila¬ 
tors (adenosine, inhaled nitric oxide, or PGIJ may be used 
to identify patients that have reversible vasoconstriction, as 
evidenced by more than 10 mm Hg decrease in MPAP with 
no change or an increase in cardiac output, and/or a decrease 
in PVR by 25%/* Only about 20% of humans have a positive 
pressor response, and these individuals benefit from treatment 
with high doses of the calcium-channel blocker (diltiazemV 




































JO 




£ 


























Figure 218-1 Dorsoventral thoracic radiograph of a dog with 
PH, There is severe right heart enlargement and dilated central 
portions of the pulmonary arteries. 
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Figure 218-2 A, Two-dimensional echocardiogram of a dog with PH. The right basilar short axis 

view shows severe right ventricular dilation and concentric hypertrophy that is characteristic of 
severe acquired pressure overload The interventricular septum is flattened, which indicates that 
the right ventricular pressure is greater than the left ventricular pressure. B, Continuous wave 
Doppler measurement of tricuspid regurgitation (TRJ velocity in a dog with PH.TheTR velocity 
is 5.2 m/s. Using the modified Bernoulli equation, there is a 1 10 mm Hg pressure gradient between 
the RV and RA during systole. Adding 5 mm Hg estimated RA pressure, the estimated RV and PA 
systolic pressure is 115 mm Hg, C, Continuous wave Doppler measurement of pulmonic insuffi¬ 
ciency [PI] in a dog with PH. The PI velocity is 4 m/s, and the diastolic pressure gradient between 
the PA and RV is 64 mm Hg, which closely estimates the PA diastolic 


pressure. 


No studies have evaluated short-acting pulmonary vasodilator 

trials and subsequent therapy with calcium channel blockers 
in veterinary patients with PH. 

Intravenous PGl 2 has been shown to improve exercise 
capacity, hemodynamics, vascular remodeling, and short- and 
long-term survival in humans. 7 However, lifelong intravenous 
PGI 2 therapy is not an acceptable treatment 


veterinary medicine. Other promising pulmonary vasodilators 
being researched for primary and secondary PH include 
endothelin receptor antagonists (bosentan) and phosphodi¬ 
esterase inhibitors (sildenafil]. 7 

Prognosis for PH is variable and depends on the type and 
severity of underlying etiology, degree of PH, and reversibility of 
vascular pathology. In humans with primary PH, mean PA pres¬ 
sure, RA pressure, and PVR are inversely proportional to 
vivaD Earlier identification and treatment of patients with PH 
may slow' the progression, but prognosis remains poor to grave. 


modality in vet¬ 
erinary medicine. New oral (beraprost) and subcutaneous 

[treprostinil) synthetic prostacyclin analogs are under intense 

investigation in human medicine 7 


sur- 


and may be useful 
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PULMONARY THROMBOEMBOLISM 


Plasma D-dimer is used in the diagnosis of PTE in humans, 
with 96% sensitivity and 52% specificity. 2 Plasma D-dimer is 
a breakdown product of cross-linked fibrin, which is produced 
when fibrin is degraded by plasmin. D-dimer is produced in a 
number of disease conditions in both human and veterinary 
medicine. The utility of D-dimer in the diagnosis of PTE in 
veterinary medicine in unknown, but a negative test might 
be useful in ruling out FEE. Plasma anti-thrombin 111 activity 
should be measured if protein losing nephropathy or enteropa¬ 
thy is diagnosed. 

Thoracic radiographic abnormalities are common but are 
rarely specific for PTE. In fact, 10% to 30% of dogs and 14% 
of cats had normal thoracic radiographs despite necropsy 
proven PTE 9 ’ 10 , which indicates that PTE should be a top 
differential diagnosis in an animal with marked respiratory 
distress and normal thoracic radiographs. Pulmonary infiltrates 

may be interstitial, alveolar, or lobar in dogs and cats. Alveolar 
infiltrates may represent hemorrhage, edema, or infarction. 
Pulmonary vascular abnormalities including enlarged central 
pulmonary arteries, disproportionate vascular tapering, and 

oligemia were common in retrospective review of thoracic 

radiographs in cats with PTEJ t] Cardiomegaly and mild to 
moderate pleural effusion were common in dogs and cats. 

Arterial blood gas analysis is often abnormal in dogs with 
PTE, and common abnormalities include hypoxemia, hypocap- 
nea, and increased alveolar-to-arterial gradient. 3 However, 
normal arterial oxygenation does not exclude the diagnosis of 
PTE. 2 Response to supplemental oxygen administration can be 
variable due to the presence of additional cardiac or pulmonary 
pathology and pathophysiologic sequelae of embolization. 

Echoeardjographic abnormalities were present in 94% 
of people with a n gio graphic ally confirmed PTE, compared 
with only 13% of patients with similar clinical signs. 6 
Unfortunately in veterinary medicine, echocardiography is 
rarely utilized in the work-up of animals suspected of PTE, 
and in one study less than 20% of dogs with PTE were evalu¬ 
ated. 3 Thrombus visualization with trans-thoracic echocardio¬ 
graphy is limited to thrombi within the heart, main pulmonary 
artery* or proximal left or right branches. The majority of dogs 
(88%) with necropsy proven PTE had thrombi located in the 
main PA and lobar branches. 3 Since some of these proximal 
thrombi might be visualized with echocardiography, cardiac 
ultrasound should be considered in dogs with suspected PTE. 

Perfusion scanning with an intravenous injection of tech¬ 
netium magroaggregated albumin, is a safe, noninvasive tech¬ 
nique for evaluation of PTE. Perfusion deficits may occur in 
regions of thrombosis or in nonventilated regions with reflex 
vasoconstriction- When combined with 
using technetium radioaerosol, the ventilation [perfusion 
(V:Q) scan has enhanced sensitivity for detection of PTE. 
Definitive positive V:Q scans are defined as multiple segmental 
or lobar perfusion defects in areas of normal ventilation and 
no radiographic evidence of pulmonary infiltrates. Although 
V:Q scans are commonly used in human medicine to increase 
the likelihood of documenting PTE, fewer than half of 
patients with PTE have a high probability scan. 2 Since venti¬ 
lation scans are less practical in veterinary medicine and 
require specialized facilities to handle radioactive materials, 
this imaging modality is not commonly used. However, an 
abnormal perfusion scan can be considered suggestive of PTE. 

Pulmonary angiography is the gold standard for diagnosis 
of PTE in humans hut is rarely used in veterinary medicine 
since anesthesia is usually required, and patients with severe 
1TE and PH are high-risk anesthetic candidates. Percutaneous 
right heart catheterization via a jugular sheath under deep 
sedation may be a safer alternative fo r vete ri n ary patients. Ionic 
contrast agents can induce severe hypotension due to reduc¬ 
tion in systemic vascular resistance in the face of fixed PVR, 
and this may worsen RV ischemia and function. 1 ' 1 Selective PA 


i 1 l¥Ilff 


Etiology and Pathophysiology 

Pulmonary thromboembolism (PTE] is a life-threatening con¬ 
dition that occurs in more than 600,000 human patients a 
year. 6 Despite increased awareness and sophisticated imaging 
modalities in human medicine, only 30%) of fatal PTE is diag¬ 
nosed antemortem. 6 Similarly* PTE was suspected antemortem 
in only 38% of dogs and L4% of cats with postmortem evidence 
of major PTEA lfJ PTE comprised 0.9% of all postmortem 
diagnoses in dogs, which likely underestimates the true inci¬ 
dence in the population. 9 

Pulmonary vascular obstruction can result from thrombus 
formation, or embolization of thrombi, parasites, fat, or neo¬ 
plastic cells. Heartworm disease is the most common cause of 
PTE in dogs. It results in mechanical obstruction of pulmonary 
blood How as well as enhanced reactive pulmonary vasocon¬ 
striction and reduced endothelium-dependent vasorelaxation. 11 
Venous stasis, endothelial injury, and hypercoagulability con¬ 
tribute to thrombus formation within pulmonary arteries/ 

arterioles (in-situ thrombosis) and to thromboembolic disease 

of the pulmonary capillary bed. PTE is a secondary condition, 

and immune-mediated hemolytic anemia (1MHA), neoplasia, 
cardiac disease, protein-losing nephropathy or enteropathy, 
hyperadrenocorticism, disseminated intravascular coagulation, 
sepsis, trauma, and recent surgery are associated with PTE in 
dogs and cats* 9 10 ,2 A large number of dogs and cats with PTE 
(47% to 64%, respectively) have multiple underlying disease 
processes. 9 12 Identification of risk factors and underlying dis¬ 
eases associated with PTE should be used to initiate early pro¬ 
phylactic treatment for PTE and aggressive Treatment for the 
primary disease. 

In PTE, PVR is increased due to mechanical obstruction of 
blood flow and reflex vasoconstriction from release of vasoac¬ 
tive mediators (serotonin, thromboxane) from the thrombus. 
Low-output cardiac failure and shock may occur with acute, 
major PTE, Functional status of the cardiopulmonary system 
plays a role in determination of the hemodynamic conse¬ 
quences of PTE. 

Pathophysiologic consequences of PTE include abnormal 
gas exchange, altered ventilatory control, dysregulated pul¬ 
monary mechanics, and potentially pulmonary infarction, 2 
Hypoxia results from ve n til a Uon/per fusion (V/Q) mismatch* 
increased alveolar dead space, and intrapulmonary or intracar¬ 
diac right-to-left shunting. Hypoxia can be worsened by pul¬ 
monary edema caused by enhanced blood flow to 
non-thrombosed regions of the lung. Reduced surfactant func¬ 
tion in the region of thrombosis leads to atelectasis and 
reduced lung compliance. Release of humoral factors causes 
bronchoconstriction* increased airway resistance, and tachyp¬ 
nea. All of these factors contribute to hypoxia, increased work 
of respiration* and respiratory distress. 

Clinical Signs and Diagnostic Tests 

PTE is seen most often in middle-aged to older animals, with 
no sex or breed predisposition. PTE* like PH, can mimic and 
often accompany other cardiopulmonary' diseases. Sudden 
onset respiratory distress and tachypnea are common histori¬ 
cal or physical examination abnormalities seen in 58% to 96% 

of dogs and 55% of cats with PTE. 11 12 The list of differential 

diagnoses is extensive and includes airway obstruction, pneu¬ 
monia, acute CHF, ARDS or other noncardiogenic pulmonary 
edema, pleural space disease, or asthma in cats. 

When PTE is suspected, identification of an underlying dis¬ 
ease and definition of the degree of cardiopulmonary dysfunc¬ 
tion are essential. Definitive documentation of PTE remains 
difficult in both human and veterinary medicine, CBC, chem¬ 
istry, and urinalysis should be performed, and a coagulation 
panel can be used to support the presence of concurrent DIC 
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angiograms and use of nonionic contrast media reduces risk of 
serious complications. 13 Definitive angiographic diagnosis of 
PTE depends on visualization of an intraluminal filling defect in 
the pulmonary artery, or abrupt vessel occlusion and visualiza¬ 
tion of the trailing edge of the thromboembolus. 2 

Spiral computed tomography (CT) and magnetic reso¬ 
nance (MR) angiography are noninvasive imaging modalities 
that show promise for the future diagnosis and management 
of PTE. However, requirement for general anesthesia in vet¬ 
erinary patients undergoing CT or MRI makes these modali¬ 
ties less attractive in unstable, high-risk patients. 


effectively used in arterial thromboembolism in dogs and 

cats (90,000 U IV over 30 minutes, then 45,000 U/hour IV 

continuous infusion for various time intervals]. 

Anticoagulant therapy with heparin or warfarin is used to 
prevent further thrombus formation. Heparin is highly pro¬ 
tein bound and has a low bio availability. Doses ranging from 
100 to 300 IU/kg SQ q6-8h can be used to prolong partial 
thromboplastin time (PTT) to 1.5 to 2 times baseline for ade¬ 
quate anti coagulation. Fresh frozen plasma may be needed to 

replenish antithrombin III. Low-molecular-weight heparin 
(LMWH) offers an attractive alternative for anticoagulant 
therapy, since it is less protein bound than unfractionated hep¬ 
arin, has greater bio avail ability, provides a more predictable 
dose response, and has a longer half-life than heparin. LMWH 
therapy does not require laboratory monitoring since it does 
not prolong the APTT, and it is associated with fewer bleeding 
episodes. 2 In normal dogs, a high dose of ! 50 U/kg of dalteparin 
produced adequate anti-Xa activity with no bleeding compli¬ 
cations and clinically insignificant changes in AFTT and 
thrombin time. 15 Enoxaparin has been used with anecdotal 
clinical success for treatment of systemic thromboembolism 
in veterinary medicine. Long-term anti coagulation may also 

be achieved with oral warfarin (0,1 to 0.2 mg/kg PO q24h). 
Before warfarin is given, adequate anti coagulation with hep¬ 
arin is needed to balance the initial hypercoaguiable phase of 
warfarin from reduced proteins C and S. 

Although rarely done, large central thrombi may be removed 
by surgical thrombectomy, and percutaneous removal with a 
specialized thrombolytic catheter has been used in an experi¬ 
mental canine model of PTE. 

Aggressive treatment of underlying diseases that have been 
associated with PTE is paramount, and prophylactic anticoag- 
ulation therapy may prevent PTE in these patients. Heparin 
can be administered at low doses (10 to 75 units/kg SQ TID) 
without affecting coagulation parameters. Given its bi oleine tic 

of monitoring, LMWH ? an attractive 
option for preventative anticoagulant therapy. 


Treatment 


Treatment of PTE must be directed against the primary 
underlying condition, and efforts must be made to improve 
gas exchange and cardiopulmonary function. Oxygen adminis¬ 
tration is indicated to reverse hypoxemia due to V/Q mismatch 
or diffusion abnormalities; however, pulmonary infarction and 
dysregulated hypoxic vasoconstriction may result in refractory 
hypoxemia. Immediate stabilization is necessary for animals in 
low output cardiac failure. Judicious fluids and inotropic sup¬ 
port with dobutamine can be used to improve cardiac output 
and restore tissue perfusion. 

Early and aggressive thrombolytic treatment of PTE is 
reserved for hemodynamically unstable patients and is uncom¬ 
monly used in veterinary medicine. The goal of thrombolysis is 
to reduce PA pressure rapidly, improve RV function, and improve 
pulmonary perfusion. Although there are reports of successful 
thrombolytic therapy in experimental canine PTE (in dogs with 
normal thrombolytic and anticoagulant systems) 14 and in ani¬ 
mals with systemic thrombi, there 


no published studies 
evaluating thrombolytic therapy in naturally occurring PTE in 

veterinary medicine. In experimental canine PTE, tissue plas¬ 
minogen activator (TPA) caused a rapid, dose-limiting throm¬ 
bolysis with use of 1 mg/kg intravenously over 45 minutes, and 
TPA appeared to cause faster and more complete thrombolysis 
than streptokinase and urokinase, 14 Streptokinase has been 
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CHAPTER 


Oral and Salivary Gland Disorders 


Mark M. Smith 


ORAL NEOPLASIA 


cementum-like substances. 78 Additionally acan th o m a to us 
epulis, sometimes referred to in the literature as an adamanti¬ 
noma , may be more properly classified as acanthomatous 
ameloblastoma or peripheral ameloblastoma/ The more 

common, specific odontogenic neoplasms are ameloblastoma 

and odontoma. Ameloblastomas arise from vestigial layers of 
the dental laminae of the mandible, generally in the incisor 
region /The neoplasm emanates from enamel organ tissue but 
does not produce dental hard products. These lesions are 
expansile, slow-growing neoplasms/’ Odontomas are of odon¬ 
togenic origin and resemble the embryologic pattern of tooth 
development. The mass may comprise enamel, dentin, cemen- 
tum r and sometimes small teeth. Odontomas may form on or 
near the crown or root of a normal tooth and may resemble 
displaced or extra teeth. Lesions with characteristics resembling 
normal teeth are considered compound, whereas complex 
odontomas have a more disorganized arrangement. 8 

Malignant Neoplasms 

Malignant melanomas grow rapidly and are characterized by 
early invasion of the gingivae and bone. Metastasis to regional 
lymph nodes occurs early in the disease process, v th lung the 
most common site of visceral metastasis. 6 J 3 Malignant 
melanomas are dome shaped or sessile, and they either have 
varying amounts of pigmentation, ranging from black and 
brown to mottled, or are nonpigmented (Figure 219-3). A 
minority of oral melanocytic neoplasms (25%) may be benign, 
but all suspected melanomas should be considered malignant 


Neoplasia of the oral and pharyngeal cavities is relatively 
common in the dog and cat, ranking fifth and seventh most 
common, respectively. 3 Benign and malignant neoplastic disease 
may be of dental or nondental origin. 2 The annual incidence 
of oral and pharyngeal neoplasia in dogs is 20 per 100,000, with 
malignant melanoma and squamous cell carcinoma (SCC) 
diagnosed most commonly. 1 The annual incidence rate is lower 
in cats (11 per 100,000), with the predominant neoplastic 

types being SCC and fibrosarcoma/* 3 

Predisposing factors in the development of oral neoplasia 
include the patient's age, gender, breed, and size and the pig¬ 
mentation of the oral mucosa. Geriatric patients are predis¬ 
posed in general, although fibrosarcoma has been reported to 
occur more frequently in young, large breed dogs/ Papillary 
SCC, virus-induced papillomatosis, and undifferentiated 
malignancies may also be included in the differential diagnosis 
for young dogs with ora l m asses. M al e dogs have been reported 
to be at risk for malignant melanoma and fibrosarcoma. Breeds 
with an increased risk for oral neoplasia irrespective of type 
include the German shepherd and short-haired pointer, 
weimaraner, golden retriever, boxer, and cocker spaniel 8 Large 
breed dogs have a higher incidence of fibrosarcoma and nonton* 
sillar SCC, whereas small breeds have a higher incidence of 
malignant melanoma and tonsillar SCC. 8 Dogs with heavily pig¬ 
mented oral mucosa are predisposed to malignant melanoma. 

Benign Neoplasms 

Papilloma, fibroma, lipoma, chondroma, osteoma, heman¬ 
gioma, hemangiopericytoma, histiocytoma, and epulides are 
reported in the oropharyngeal region in the dog/ Papilloma and 
epulis are common benign oral neoplastic conditions in the dog. 

Canine oral papillomatosis (COP) are multiple lesions of 
viral etiology. Grossly, COPs appear on the mucosa as pale, 
smooth elevations that develop a rough surface early in the 

disease process (Figure 219-1)/ Older lesions of 3 to 4 weeks' 
duration usually have deep, closely packed fronds. Lesions 
observed during regression appear shriveled and dark gray 
Complete regression requires 1 to 2 weeks and leaves 
apparent scarring. 

Epulides originate from the periodontal stroma and are 
often located in the gingiva near incisor teeth (Figure 219-2), 
The epulides are separated into three types based on histo¬ 
logic origin: fibromatous or fibrous epulis, ossifying epulis, and 
squamous or acanthomatous epulis. 8 The fibromatous and 
ossifying epulides are pedunculated, non ulcerating, and non¬ 
in vasive masses. Acanthomatous epulis, although be 
characteristics of malignancy, including local invasiveness and 
bone destruction 6 ; however, acanthomatous epulis does not 
metastasize. 

Periodontal epulides may be considered odontogenic 
plasms, because they are closely associated with or may con¬ 
tain dental structures. Fibromatous and ossifying epulides 
have also been described as peripheral odontogenic fibromas, 
containing varying amounts ol bone, osteoid, dentinoid, or 
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Figure 219-1 Papillomatosis (arrow) of the labial mucosa in 
a young dog. 
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Figure 219-4 Sublingual squamous cell carcinoma (arrow) in a 
cat. (From Norris AM et at Oropharyngeal neoplasms, in Harvey 
CE (ed|: Veterinary' Dentistry. Philadelphia, WB Saunders, 1985.) 


Figure 219-2 Intraoperative view of aeanthomatous ameloblas¬ 
toma of the mandibular incisor area in a dog. 


pending histologic evaluation. Melanomas of the mucocuta¬ 
neous junction are invariably malignant. 

Squamous cell carcinoma may project from the gingival 
mucosa but more commonly is an ulcerated, erosive lesion. It 
frequently involves the gingiva mesial to the canine teeth in 
dogs and ventral to the tongue in cats (Figure 219-4), Other 
common oral sites include the buccal and labial mucosa, hard 
palate, and tongue, 124 5 SCC destroys the mucosa and sub¬ 
mucosa and is locally invasive in muscle and bone. Bone 
involvement is particularly common in dogs, showing a 77% 
occurrence rate. Metastasis to local and regional lymph nodes 
is common, whereas visceral metastasis to the lung is rare and 
occurs late in the disease process. 

Fibrosarcoma occurs in ora] locations similar to those of 
SCC but has a greater frequency along the lateral maxillary 
arcade between the canine and fourth premolar teeth/’ The 
neoplasm is firm and smooth and has nodules that may 
become ulcerated (Figure 219-5). Fibrosarcomas are invasive, 


and recurrence after local excision is common. Regional lym¬ 
phatic and visceral metastasis is unusual. Conversely, low-grade 
fibrosarcomas appear benign clinically and rarely present with 
ulceration. However, these tumors arc biologically malignant 
and require a high index of suspicion on the part of both the 
clinician and the pathologist. 

Clinical Signs, Diagnosis, and Staging 

Clinical signs associated with oral neoplasms depend on the 
lesion s size and location. Food prehension may be abnormal 

and cause ulceration secondary to trauma in patients with 

larger neoplasms. Inability to swallow or associated pain may 
result in the appearance of saliva drooling from the lip com¬ 
missures at inappropriate times. The saliva is blood tinged 
when concomitant with ulcerated lesions. Clinical signs asso¬ 
ciated with dental disease may be related to abnormal masti¬ 
cation. Painful dental structures or partial obstruction of 
functional dental areas lead to disuse. Subsequent periodontal 
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Figure 219-3 Malignant melanoma of the mandibular buccal 

mucosa in a 


Figure 219-5 Fibrosarcoma (arrow) of the maxillary premolar 

area in a dog. 
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Figure 219-6 Algorithm for the diagnosis and treatment of oral neoplasms. 
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disease is related to excessive plaque and calculus accumula¬ 
tion in these areas. Severe destructive periodontal disease, hal¬ 
itosis, and tooth loss are potential sequelae. Although severe 
destructive periodontitis is not associated with a mass lesion, 
it is often associated with bone lysis and may resemble SCQ 

Diagnosis of oral neoplastic conditions is based on 
histopathologic examination (Figure 219-6). The differential 
diagnoses include malignant and benign neoplasms. Recent 
advances in the development and application of immunohis- 
tochemistry techniques in veterinary medicine may provide 
methods for early detection of malignant neoplasms. 17 20 

Staging of the neoplastic disease should be considered as an 
active investigative process to be performed in concert with 

the diagnostic evaluation (Table 219-1). 21 The final result of 

this process is potentially valuable prognostic information. A 
complete blood count (CBC), chemistry profile, and urinalysis 
results should be reviewed to detect organ abnormalities 
related to metastatic disease or to concurrent disease that 
would alter the type or preclude the use of general anesthesia. 

Thoracic radiographs (right and left lateral, ventrodorsal 
views) are taken to determine whether visceral metastasis to 


the lung has occurred. The size of the neoplasm is estimated 
in the awake patient and may be more accurately assessed 
after administration of general anesthesia. Skull radiographs or 
computed tomography (CT) performed during anesthesia can 
provide information on the presence of bone invasion. 

The regional lymph nodes should also be evaluated. 
Enlargement indicates either metastasis or reactivity related 
to oral inflammation. Regardless of size, the regional lymph 
nodes should be evaluated by fine needle aspiration (false- 
negative results are possible) or by incisional or excisional 
biopsy. Minor surgery to remove a regional lymph node pro¬ 
vides worthwhile prognostic information which may influence 
the owner's decision to pursue definitive treatment. 22 - 23 The 
most accessible regional lymph nodes are the submandibular 
and parotid nodes; the medial retropharyngeal node receives 
afferent lymphatics from these lymph nodes. Lymph node 
should be differentiated from salivary tissue, the latter having 
a tan color with distinct lobulations. A negative lymph node 
biopsy result does not preclude the possibility of regional 
metastasis, which may occur along perineural or vascular 
routes, or metastasis to other, less accessible lymph nodes, 
such as the medial retropharyngeal node. 23 Unfortunately, oral 

malignant neoplasms are often detected late in the disease 
process because their location may not be readily observed by 
the owner or veterinarian. Consequently, oral neoplasms have 
usually progressed to at least stage II disease at the time of 
diagnosis. Higher primary tumor (T)-stage tumors with bone 
involvement are associated with a poor prognosis. 11 

Treatment 

Animals with no radiographic signs of visceral metastasis to 
the lung should be considered candidates for aggressive therapy. 
The concept of complete local excision of all visible tumor fol¬ 
lowed by, or concurrent with, chemotherapy or radiation ther¬ 
apy for treatment of presumed micrometastasis has achieved 
marked acceptance in human oncologic therapy and is being 
applied in veterinary medicine, 21 - 24 ' 26 Surgery is integral to 

this multimodality treatment plan, especially for large, aggres¬ 
sive neoplasms. 27 30 Resective surgery plus radiation and/or 
chemotherapy are usually well tolerated by dogs and cats, 
leaving conservative management for only the more debili¬ 
tated or geriatric patients. 31 

The goal of surgery for oral neoplasms in small animals is 
generally curative resection or palliation. 32 The ideal surgical 
procedure is one that offers the greatest possibility of cure, 
restores or maintains function, and has an acceptable cosmetic 
result. Benign neoplasms that do not involve bone are surgi¬ 
cally excised. Malignant neoplasms are also excised; however, 
an attempt to acquire tumor-free margins is critically impor¬ 
tant. 33 05 A 2 cm margin of tumor-free tissue is recommended, 
often necessitating ostectomy as a component of the operative 
procedure. 36 Neoplasms with radiographic evidence of local 
bone metastasis require resective procedures, including max- 
illectomy and mandibulectomy, Hemimaxillectomy and 
hemimandibulectomy maximize the removal of the entire 
bony component of the neoplastic process. Segmental bone 
resective procedures that result in partial maxillectomy or 
mandibulectomy, without the opportunity for frozen section 
analysis of tissue margins, risk incomplete resection due to 
intrabony perineural and microvascular metastatic routes. 373 ** 
This is particularly important for mandibular lesions, for 
which hemimandibulectomy may be preferred to partial or 
segmental mandibulectomy because cosmesis and function 
are acceptable despite a greater degree of resection. 31 * 39 
Extended dissection from the primary site may improve the 
incidence of free margins related to surgical resection of direct 
metastatic pathways, especially for neoplasms of the floor of 
the mouth. The cranial cervical area may be approached in 
conjunction with reconstructive surgery. Direct observation of 


Table 219-1 


Clinical Staging System for Tumors of the Oral Cavity 


T: Primary tumor 
T 0 No evidence of tumor 

Tumor < 2 an maximum diameter 
T 1n Without bone invasion 
T 1b With bone invasion 
T 2 Tumor 2 to 4 cm maximum diameter 
T 2<3 Without bone invasion 
T 2b With bone invasion 
T 3 Tumor > 4 cm maximum diameter 
T^ Without bone invasion 
T 3b With bone invasion 

N: Regional lymph nodes (RLN) 

N 0 No evidence of RLN involvement 
Ni Movable ipsilatera! nodes 
_ N 1q Nodes histologically negative 
N lb Nodes histologically positive 
N 2 Movable contralateral or bilateral nodes 
N 2o Nodes histologically negative 
N 2b Nodes histologically positive 
N 3 Fixed nodes 

M: Distant metastasis 

M 0 No evidence of distant metastasis 
M T Distant metastasis present 
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regional lymph nodes allows assessment of gross transcapsular 
spread of the tumor, which may warrant wider margins for 
adhered lymph nodes. 40 * 41 

Peripheral odontogenic fibromas are treated by aggressive, 
local surgical resection. Based on the common locations of this 
neoplasm compared with malignant neoplasms, the operative 
procedures would he either rostral mandibulectomy or rostral 
m a xi 1 lectomy. 4 2 - 43 

Odontogenic tumors are treated by local excisionaJ surgery 
requiring partial or segmental osteotomy 44-4 ^ 

Radiation therapy may be particularly indicated for stage I 
SCC or after resective surgery for SCO with nonfree margins. 
This form of treatment is most effective if used in combina¬ 
tion vrith surgical excision of stage II to stage [V SCC or pos¬ 
sibly for affected regional lymph nodes, 12 Recent studies 
report encouraging results from radiation therapy for the 
treatment of canine SCC, fibrosarcoma, and malignant 
melanoma. 1147 This modality should be considered for treat¬ 
ment of oral malignancies with or without surgery. However, 
as w'ith surgery, larger, more caudally located tumors have a 
poorer prognosis. Severe, acute radiation reactions may occur 
approximately 16% of the time; the most common chronic 
reaction is bone necrosis and fistula formation. 11 Although 
the latter reaction may he difficult to treat successfully, a reb 
atively low percentage of chronic reactions to radiation ther¬ 
apy may be considered an expected sequela of effective 
treatment. 11 

Ac an thorn atous ameloblastomas are sensitive to radiation 
therapy; however, because malignant neoplastic disease devel¬ 
ops at the irradiated site in approximately 18% of dogs, sur¬ 
gical excision may be a more appropriate therapeutic option 
imorbidity is minimised. 48 ’ 411 The type of radiation adminis¬ 
tered (orthovoltagc versus megavoltage) may influence 
the potential carcinogenic affect of radiation. 50 Smaller acan- 
thomatous ameloblastomas located in the rostral portion of 
the oral cavity have a more favorable prognosis after radiation 
therapy than do larger, more caudal lesions. 50 Acute and 
chronic radiation reactions may occur, as in treatment for oral 
malignant neoplasms. 

Chemotherapy or chemoradiation therapy may provide 
short-term palliation for oral neoplasia not amenable to 
surgery, for resections with non-free margins, and for recur¬ 
rence after surgical excision. Cisplatin has heen used in dogs 
for oral SCC, and doxorubicin and cyclophosphamide have 
been used for ora] fibrosarcoma and SCC in cats. 2 The results 
of clinical research with radiosensitizing agents fe.g,, etantda- 
zole) may show' improvement in median survival times for 
small animals with oral neoplasms. 51 ' 53 Intratumoral adminis¬ 
tration of carhop! atin has proved efficacious in the treatment 

of SCC of the nasal plane in cats 54 and may have application 
in the treatment of oral SCC Systemic carboplatin may be 
considered as adjunctive treatment for microscopic local or 
metastatic malignant melanoma. 55 Chemoradiation, including 
hypofractionated megavoltage irradiation and cisplatin or car- 
boplatin therapy, prolonged survival times in dogs with 
incompletely resected oral malignant melanoma. 

Prognosis 

Malignant oral neoplasms have a guarded to poor prognosis 
regardless of their size or location in the oral cavity. The prog¬ 
nosis may be affected by the size of the lesion and the 
patient's age and species. Dogs younger than 6 years of age 
with SCC mesial to the second premolar have a better prog¬ 
nosis than older dogs with neoplasms in other locations. Cats 
with oral SCC have a shorter tumor-free interval than dogs 
regardless of the type of treatment, 57 ' 5 * The most positive 
prognosis for oral SCC in dogs is attained with both surgery 
and radiation therapy, Treatment of oral SCC in cats is strictly 


palliative, with no improved survival interval. 2 - 57 Oral malig¬ 
nant melanoma may be resected locally with tumor-free mar¬ 
gins, but regional or distant metastasis usually occurs. 
Tumor-free margins for oral fibrosarcoma are more difficult to 
achieve, which makes local recurrence likely. A 1-year survival 
rate of 71% has heen reported for dogs with mandibular 
osteosarcoma treated with surgery only; another study indi¬ 
cated less favorable results with surgery only reporting a 
median survival time of 5,5 months. 5 ^ 1 * 1 

Benign oral neoplasms and odontogenic neoplasms, including 
epulides, have an excellent prognosis after complete surgical 
excision. 


A3-A6 


SELECTED ACQUIRED DISEASES OF THE LIPS, 
CHEEKS, AND PALATE 


* 




Feline eosinophilic granuloma complex [FEGC) comprises an 

eosinophilic ulcer, plaque, and a linear granuloma. Oral lesions 
are usually a linear granuloma or an eosinophilic ulcer; the 
latter has a predisposition for the maxillary lips (80%). 
Intraorai lesions appear as one or more discrete, firm* raised 
nodules (Figure 219-7). Clinical signs include dysphagia 
and/or ptyalism. Although the etiology of this disease is 
unknown, bacterial and viral infections and immune-media ted 

and hypersensitivity diseases have been associated with 

FEGC fcl 67 Biopsy of the lesion, with the aforementioned dis¬ 
eases in mind, should be performed to confirm the diagnosis 
and to differentiate it from neoplastic disease. Ancillary tests 
should include a CBC* which usually shows an absolute 
eosinophilia. Concurrent or potentially causative hypersensi¬ 
tivity diseases should be considered during the diagnostic phase 
of treatment. The mainstay of FEGC treatment is corticos¬ 
teroid therapy. Lntralesional triamcinolone (3 mg weekly), oral 
prednisolone (1.0 to 2.0 mg/kg given twice daily)* and subcuta¬ 
neous methyl prednisolone acetate (20 mg every 2 weeks), 


hi 


Figure 219-7 Oral lesions (armies) of feline eosinophilic granu¬ 
loma complex. (Courtesy Dr. M. Leih Blacksburg, VA.) 
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administered until FEGC resolves, are efficacious treat¬ 
ments, 61 Progestational compounds (progesterone or medrox¬ 
yprogesterone) are often used to treat FEGC. These 
compounds are not approved for use in cats and have poten¬ 
tial side effects that make them undesirable, including adreno¬ 
cortical suppression, polydipsia, polyuria, polyphagia, obesity, 
personality change, reproduction abnormalities, mammary 
hypertrophy, neoplasia, and diabetes mellitus, Cats with 
untreated chronic lesions, responsive previous lesions, and 
lesions refractory to corticosteroid therapy have a 50% recur¬ 
rence rate within 5 months.® 1 Failure of treatment is usually 
related to inadequate dosage or premature cessation of ther¬ 
apy. Animals that do not respond to either corticosteroids or 
progestational compounds have a poor prognosis and are can¬ 
didates for more aggressive therapy, such as irradiation, 
cryosurgery, laser therapy, or immunotherapy. 624 * 4 

The term stomariris refers to an inflammation of the oral 
mucosa. Oral inflammatory lesions in dogs and cats have mul¬ 
tiple causes, necessitating a consistent and logical diagnostic 
approach. A complete history and thorough physical exami¬ 
nation are essential. Dogs and cats with no evidence of debili¬ 
tating systemic disease should receive a short-acting intravenous 
anesthetic to allow an unimpeded visual and tactile oral exam¬ 
ination. Ora! ulcerations occur in at least four different immune- 
mediated diseases, including systemic lupus erythematosus, 
bullous (pemphigus) disease, idiopathic vasculitis, and toxic 
epidermal necrosis. The many infectious diseases that are 
manifested by lesions in the oral cavity include feline leukemia 
virus, feline immunodeficiency virus, feline syncytium-forming 
virus, feline cal id virus, feline herpes virus, and feline infectious 
peritonitis (see Chapters 170-173),^ Canine distemper and 
feline panleukopenia virus may cause stomatitis, although 
other organs are more severely affected. Candidiasis (infection 
with Candida albicans) may cause severe stomatitis in dogs 
and cats. 61 - 66 Many cats with stomatitis have immunosuppres¬ 
sive disease or systemic debilitation or have received chronic 
immunosuppressive therapy Although the oral manifestation 
may appear as a white, pseudomembranous covering of the 
tongue, the lesions are usually irregular, ulcerated areas in zones 
of inflamed mucosa. 

Feline oral inflammatory disease ranges from simple gingivitis 
to varying degrees of stomatitis in which inflammation extends 
beyond the mucogingival junction into the ora! mucosa 67 Cats 
with chronic gingivitis/stomatitis may have ulceration and exten¬ 
sion of granulation tissue involving the palatoglossal folds and 
fauces. Clinical signs include halitosis, ptyalism, dysphagia, 
in appetence, and weight loss. Extensive disease is marked by 
root resorption and possi bly bony sequestra e in eden tulous areas. 
Unfortunately, because the causation is usually unknown, 
treatment is symptomatic, including professional cleaning of 
the teeth, therapy with antimicrobials or with systemic or 
local corticosteroid agents similar to those used for FEGC, and 
laser therapy to stimulate re-eptthelialization over inflamed, 
ulcerated areas. It is not unusual for refractory cases to require 
extraction of all molars and premolars or all teeth to alleviate 
the symptoms of this disorder. 

Stomatitis may be described as idiopathic despite a thor¬ 
ough diagnostic evaluation. Immunemediated ulcerative gin¬ 
givitis / stomatitis afflicts Maltese terriers, although the 
etiology is verified in only 20% of animals. 61 If diagnostic test 
results are negative in idiopathic stomatitis, it is appropriate to 
assume a possible immune-mediated component. A prudent 
treatment plan includes regular cleaning of the teeth, oral pre¬ 
ventive medicine at home, and intermittent or chronic 
provocative corticosteroid therapy. Antimicrobial therapy 
emphasizing anaerobic pathogens [e.g., metronidazole, amox¬ 
icillin, clavulanic a rid/amoxicillin) may be administered on an 
intermittent, chronic basis. 
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Neoplasia involving the salivary glands is uncommon.There is 
evidence that spaniel breeds and poodles, as well as Siamese 
cats, are predisposed to neoplasia of the salivary glands. 68 In a 
report of 24 primary salivary tumors in dogs, the parotid gland 
was involved near! v twice as often as the other major saljvary 
glands; the mean age of the 24 dogs studied was 10 years, 69 
Another recent study indicates that the mandibular gland is 
most commonly affected. 69 Multiple tumor types that affect 
the salivary glands have been described, including mucoepi¬ 
dermoid tumors, SCO, malignant mixed tumors, adenoid cystic 
carcinoma, acinic cell carcinoma, adenocarcinoma, undiffer¬ 
entiated carcinoma, and sarcoma. Although primary SCC of 
the sublingual salivary gland occurs, it should be considered 
only after an invasive carcinoma involving the oral mucosa or 
accessory oral salivary glands has been ruled out. The preva¬ 
lence of salivary gland neoplasms In cats is almost twice that 
in dogs, with the mandibular salivary gland most commonly 
affected. 60 Adenocarcinoma is the most common neoplasm 
affecting the salivary glands in dogs and cats. 60 Adenocarcinoma, 
regardless of the gland affected, is locally infiltrative, with fre¬ 
quent metastasis to the lung and regional lymph nodes. Cats 
have more advanced-stage disease at the time of diagnosis 
than do dogs. 68 Salivary neoplasms should be staged according 
to the primary tumor-regional lymph node-distant metastasis 
(TNM) system to allow appropriate prognostication and devel¬ 
opment of a treatment plan. Thoracic radiographs and inci¬ 
sional biopsy of the neoplasm and nearest regional lymph 
nodes provide necessary information* 

Total surgical excision of salivary malignant neoplasms is 
difficult because of their invasive characteristics and the intri¬ 
cate neurologic and vascular anatomy of the salivary gland 
region. Therefore local treatment should include radiotherapy, 
with or without surgical intervention to debulk the neoplasm. 

Mucocele is the most common recognized clinical disease 
of the salivary glands in dogs. A mucocele comprises an accu¬ 
mulation of saliva in the subcutaneous tissue and the consequent 
tissue reaction to saliva. The mucocele has a nonepithelial, non- 
secretory lining consisting primarily of fibroblasts and capil¬ 
laries, The incidence of salivary mucocele reportedly is fewer 

than 20 in 4000 dogs. Although the condition has been reported 

in dogs as young as 6 months of age, salivary mucocele occurs 
most often in dogs 2 to 4 years of age. It occurs more frequently 
in German shepherds and miniature poodles* 

Trauma has been proposed as the cause of salivary mucocele 
because of the activity of young dogs and the documented 
damage to the salivary gland-duct complex and the formation 
of the mucocele. The inability to induce salivary mucocele 

traumatica lly in healthy dogs suggests the possibility of a 
developmental predisposition in affected dogs. 

The sublingual gland is the most common salivary gland 
associated with salivary mucocele. Sialography has shown that 
the mucocele most often originates in the rostral portion (that 
portion of the sublingual gland superimposed on the 
mandible) of the sublingual gland-duct complex. Regardless 
of the location of origin, the mucocele usually forms near the 
intermandibular area (cervical mucocele)* Other locations 
associated with the formation of a mucocele caused by a sub¬ 
lingual gland-duct defect are sites under the tongue, which 
involves the floor of the mouth (sublingual mucocele) and the 
pharynx (pharyngeal mucocele). 

The clinical signs associated with salivary mucocele 
depend on the location of the mucocele. A cervical mucocele 
initially is an acute, painful mass resulting from an inflammatory 
response. Cessation of the inflammatory response results in 
a marked decrease in size, A decreased inflammatory response 
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of sloughed inflammatory tissue previously lining the 
cele. Sialoliths, which are concretions of calcium phosphate 

calcium carbonate, may occur with chronic mucocele. 

The physical examination and history usually denote the 
origin of the mucocele. Cervical mucoceles that appear on the 
midline usual ly shift to the originating side when the patient 

in exact dorsal recumbency. Sialography 
to determine the affected side if careful observation and pah 

mucocele are unsuccessful. Sialography is also a 
diagnostic aid when considerations include traumatic injury to 
one of the salivary glands, salivary' neoplasia, a mass or fistu¬ 
lous tract of unknown origin in the head and neck region, or a 
foreign body in the head or neck. The disadvantages of sialog¬ 
raphy include the need for general anesthesia and the diffi¬ 
culty associated with locating the duct opening or openings. 

Various techniques have been used to treat cervical 
celes. Mucocele drainage, removal of the mucocele only, and 
chemical cauterization of the mucocele have been reported. 
The basts for these therapies was the belief that a mucocele 
was a true cyst with a secretory lining. The fact that a muco¬ 
cele is not a cyst but a reactive, encapsulating structure 
has prompted surgical removal of the affected gland-duct 
complex. The intimate anatomic association of the sublingual 
and mandibular glands and their ducts requires resection 
of both structures. Surgical removal of both the sublingual 
and mandibular salivary glands, combined with drainage of 

the mucocele, has been advocated for treatment of cervical 
mucoceles. 

Pharyngeal and sublingual mucocele are treated by 
removal the mandibular and sublingual salivary glands, based 
on the common etiology of a sublingual gland-duct defect. 
Another treatment technique for these mucoceles involves 
marsupialization. However, resective surgery is preferred for 
pharyngeal mucoceles, because life-threatening upper airway 
compromise and morbidity from swallowing dysfunction 
(e g., aspiration pneumonia) are potential complications of 
conservative management or recurrence. 

zygomatic salivary gland can be affected by neoplasia, 
inflammation, or mucocele. The clinical signs of zygomatic 
mucocele and neoplasia are similar. Additional signs, such as 
osteolytic changes of the zygomatic arch and enlargement of 
the submandibular lymph node, may accompany neoplasia 
that originate in the zygomatic gland. Surgical removal of the 
zygomatic gland is indicated either for neoplasia or for muco¬ 
cele of zygomatic origin. 
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Figure 219-8 Cervical mucocele in a poodle 


allows for the more common presenting history of a slowly 

enlarging or intermittently large, fluid-filled, painless mass 

(Figure 219-8). Blood-ringed saliva secondary to trauma 

caused by eating, abnormal prehension of food, or reluctance 

to eat are clinical signs that can be associated with sublingual 

mucocele. The most common clinical signs associated with 

mucocele of the pharyngeal wall are respiratory distress and 

difficulty swallowing secondary to partial obstruction of the 
pharynx. 

Zygomatic salivary mucoceles are infrequently reported in 
dogs. A visible periorbital mass is usually the presenting clinical 
sign of zygomatic mucocele. Ophthalmic signs secondary to 
the mucocele depend on the location and size of the mucocele 

(e g., exophthalmos or enophthalmos). 

Diagnosis of salivary mucocele is based on the clinical signs, 
history, and results of paracentesis (Figure 219-9). Mucocele 
paracentesis reveals a stringy, sometimes blood-tinged fluid 
with low cell numbers. Mucin and amylase analyses of the fluid 

not reliable diagnostic procedures, A chronic cervical 
mucocele may contain palpable firm nodules that 
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FigUre 219-9 Algorithm for diagnosis and treatment of salivary mucocele in a dog. 
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CHAPTER 


Diseases of the Esophagus 


Albert E. jergens 


NORMAL ANATOMY AND FUNCTION 


regurgitation is more commonly seen with hiatal defects 
(causing gastroesophageal reflux), developing stricture, or 
esophageal tumors. Adult animals showing esophageal dys¬ 
phagia may have histories of recent anesthesia, ingestion of 
corrosive chemicals, or pill administration. Concurrent muscle 
weakness or neurologic signs may implicate extra-esophageal 
disorders, such as myasthenia gravis (MG) or polyneuropathy, 
as causes for secondary esophageal disease. Evidence of pain 
during swallowing is most often due to foreign body ingestion 

or esophagitis but is uncommonly observed with motility 
disturbances. 

Physical Examination 

The physical examination findings in animals with primary 
esophageal disease are variable. Most animals with acute 
causes for regurgitation (foreign body or mild esophagitis) 
show minimal abnormalities with the exception of hyper- 
salivation and variable dysphagia. Mucopurulent nasal dis¬ 
charge, pulmonary crackles, and fever suggest aspiration 
pneumonia. Weight loss, malnutrition, and emaciation can be 
seen with long-standing esophageal disease, such as stricture 
and idiopathic megaesophagus. Observations in animals with 
dysautonomia may include dilated pupils and dry 
membranes. A carefully performed physical examination 

serves to exclude other gastrointestinal (GI) and systemic 
diseases- 

Diognostic Tests 

Although history provides important clues as to the likelihood 
of primary esophageal disease, select laboratory tests, radiog¬ 
raphy, and endoscopy are necessary for definitive diagnosis in 
most instances (Figure 220*1), Significant alterations in base¬ 
line laboratory tests (complete blood count [CBC], serum bio¬ 
chemistry, urinalysis) are uncommonly observed. Exceptions 
include elevations in GK (associated with myositis), non¬ 
regen era tive anemia (associated with malnutrition), and pro¬ 
teinuria (suggestive of immune-media ted disease). Specialized 

serologic assays useful for the diagnosis of regurgitation include 
an adrenocorticotropic hormone (ACTH) stimulation test 
(hypoadrenocorticism) and acetylcholine receptor antibody 

titer I acquired MG), 

Survey thoracic and so ft-tissue cervical films should be 
performed in all animals suspected as having esophageal dis¬ 
ease. Obvious abnormalities may include radiopaque foreign 
bodies, hiatal defect, esophageal dilatation (megaesophagus), 
alveolar opacities (aspiration pneumonia), or evidence of 
esophageal perforation (pneumomediastinum). 

Contrast radiography is a helpful adjunct to survey imag¬ 
ing, being most useful in confirming luminal obstruction 
(stricture, mass, extraluminal compression), mucosal irregu¬ 
larity (mass, severe esophagitis), and significant alterations in 
esophageal motility. An esophagram is most often performed 
using liquid barium suspension followed by a barium meal. 
Contrast material is rapidly cleared from the normal pharynx 
and esophagus by a series of brisk, aborally directed peristaltic 
waves. 2 Persistent pooling of contrast material at any level of 


The esophagus functions to transport ingesta and liquids from 
the oral cavity to the stomach. 12 Its anatomy consists of the 
striated muscle (cricopharyngeus muscles] of the upper 
esophageal sphincter (UES), striated and smooth muscle of the 
body of the esophagus, and the smooth muscle of the lower 
esophageal sphincter (LES), The entire length of the canine 
esophagus is composed of striated muscle, whereas the distal 
one third of the feline esophagus is composed of smooth muscle. 

I he vagus nerve and associated branches (glossopharyngeal, 
pharyngeal, and recurrent laryngeal nerves) innervate the 
esophagus. This neural network contains somatic motor nerves 
from the brain stem nucleus ambiguus to the esophageal striated 
muscle, autonomic nerves to the esophageal smooth muscle, 
and general visceral afferent nerves from esophageal sensory 
receptors. 

Tfie high pressure maintained by the UES and LES during 
fasting ensures unidirectional flow between the oral cavity and 
the stomach. The LES is also responsive to gut hormones via 
receptors for gastrin and secretin families. The esophageal 
phase of swallowing begins with relaxation of the UES, which 
permits movement of a bolus of food into the proximal 
esophagus. The peristaltic wave generated in the pharynx is 
further propagated through the esophagus and carries a bolus 
aborally to the LES (primary peristalsis). If primary peristalsis 
fails to propel the bolus to the stomach, then 


mucus 


secondary 

peristaltic wave is quickly generated by intraluminal disten¬ 
sion and completes transport of the bolus to the stomach. 
Relaxation of the LES in advance of these propagated pres¬ 
sures permits food to empty into the stomach. After the bolus 

passes, the LES contracts to prevent reflux of gastric contents 
into the esophagus. 


DIAGNOSIS OF ESOPHAGEAL DISEASES 


History 

In general, animals with overt esophageal dysfunction are not 
diagnostic challenges. Clients often report hallmark signs of 
esophageal disease including regurgitation (liquids or solids), 
dysphagia (difficult swallowing), odynophagia (painful swal* 
lowing), repeated swallowing attempts, and excessive saliva¬ 
tion in affected animals. Regurgitation is the most consistent 
sign of esophageal disease and should be clearly differentiated 

from oropharyngeal dysphagia and vomiting (Table 220-1). 

Some animals may also have a mix of signs, such as vomiting 
and regurgitation, which may occur when chronic vomiting 
leads to esophagitis. 

Other historical clues of esophageal disease may be made 
based on age and the character of signs. Congenital idiopathic 
megaesophagus shows distinct canine breed predispositions 
(see later), and vascular ring anomaly and cricopharyngeal 
dysphagia may also manifest in very young patients. Acute 
severe signs in either a young or older animal are suggestive 
of esophageal foreign body Conversely, slowly worsening 
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Table 220-1 


Differentiation of Oropharyngeal Dysphagia, Esophageal Dysphagia, and Vomiting 


PARAMETER 


OROPHARYNGEAL DYSPHAGIA 


ESOPHAGEAL DYSPHAGIA 


VOMITING 


Abdominal effort 
P rod rom al n a u sea 
C h a ra cter of ej ected food 
Timing of food ejected 
Swallow attempts of a single bolus 
Ability to drink 
Pain on swallowing 
Associated signs 


None 

None 

U n d igeste d 

Immediate 

Multiple 

Poor 

Possible 

Dyspnea, cough 


Marked 

Present 

Usually digested 
Often delayed 
Single 
Normal 
Absent 

+/- Systemic signs 


None 

None 

Undigested 
Often delayed 
Usually single 

Variable 

Possible 

Dyspnea, cough 


Modified from Guilford WG' Approach to clinical problems in gastroenterology, in Guilford WG, Center $A, Strombeck DR (eds); Stmmbeck's 
Small Animal Gastroentemfofy, 3rd ed. Philadelphia, VD Saunders Co, 1996, p 55. 


the esophagus should be considered abnormal and confirmed 
on repeat films. If esophageal perforation is suspected, a water- 
soluble iodmated contrast agent (iohexol, gastrografin] should 
be used. Dynamic contrast studies (videofluoroscopy) provide 
more detailed quantitative information regarding esophageal 
motility. 

Flexible endoscopy (esophagoscopy) provides the clinician 
the most direct means to quickly and noninvasively assess the 
esophagus for luminal or mucosal abnormalities. Normal 
esophageal mucosa is smooth, glistening, and pale pink. 
Abnormal findings include mass lesions {neoplastic most 
common), esophagitis (evidenced by mucosal erythema, hem¬ 
orrhage, erosions), stricture, segmental or generalized dilata¬ 
tion, and perforation. Mucosal biopsy of the esophagus is 

uncommonly required except for intraluminal mass lesions. 
Exfoliative brush cytology may be superior to mucosal biopsy 
(due to technical constraints) for diagnosis of esophageal neo¬ 
plasia. Interventional procedures allow for esophageal foreign 
body removal, dilatation of esophageal strictures, and feeding 
catheter placement via percutaneous gastrostomy or gastro¬ 
jejunostomy techniques. 

More specialized diagnostic procedures, such as esophageal 
manometry (for assessment of motility or LES competency) 
and distal esophageal pH monitoring (for gastroesophageal 
reflux), are infrequently performed in clinical practice. 


Diagnosis 

Videofluoroscopy of the pharynx and UES using liquid barium 
or paste is the diagnostic test of choice. Intermittent or persis¬ 
tent failure of UES to relax and dilate subsequent to bolus for¬ 
mation and pharyngeal contractions is observed. Static contrast 
films may demonstrate barium retention in the pharynx or aspi¬ 
ration into the trachea (Figure 220-2), Ancillary tests (serum 
CK, electromyography [EMG], muscle biopsy) should be per¬ 
formed in animals having more generalized signs of neuromus¬ 
cular disease (muscle weakness, atrophy, neurologic deficits). 

Treatment 

Cricopharyngeal dysphagia is best managed by performance 
of cricopharyngeal myotomy. The failure rate for surgery 
alone may be high, especially if aspiration pneumonia or mal¬ 
nutrition is present. 4 In these instances, more aggressive med¬ 
ical management (enteral tube feeding) is warranted rather 

than surgery. Mature animals and those with cricopharyngeal 
asynchrony respond less favorably to surgical intervention. 
Medical therapy includes treatment of aspiration pneumonia 
and enteral nutritional support in emaciated patients. 




> 




ESOPHAGITIS 


Esophagitis denotes acute or chronic inflammation of the 

esophageal mucosa which may extend to the underlying mus- 
cuiaris. It may be caused by chemical injury from ingested 
substances (corrosives, pill or capsule retention), gastro¬ 
esophageal reflux (secondary to general anesthesia, hiatal defects, 
persistent vomiting, malpositioned nasoesophageal or pharyn- 
gostomy tubes), or esophageal foreign bodies. 5 Mucosal 
damage caused by reflux is attributed to prolonged contact 
with gastric acid, pepsin, bile salts, and trypsin. Reduced 
esophageal clearance by peristalsis and failure to neutralize acid 
by bicarbonate-rich saliva contribute to anesthesia-associated 
reflux esophagitis. Drug- or chemical-induced esophagitis is 
caused by changes in mucosal pH, hyperosmolarity, and other 
mechanisms. Disturbances in esophageal motility may accom¬ 
pany esophagitis regardless of the cause. The reported preva¬ 
lence of acute esophagitis is low; however, this is likely an 
underestimation due the subtlety of clinical signs and radio- 
graphic findings associated with this disorder. 




CRICOPHARYNGEAL DYSPHAGIA 




Cricopharyngeal dysphagia is a congenital neuromuscular dis¬ 
order characterized by failure of the UES to relax (achalasia) 
or a lack of coordination between UES relaxation and pha¬ 
ryngeal contraction (asynchrony). This results in interrupted 
transport of a bolus through the UES into the cervical esoph¬ 
agus, The cause for this disorder is unknown; however, a dys¬ 
function of the inhibitory neuron mediating UES relaxation 
has been incriminated. 3 




2 






Clinical Signs 

Affected animals demonstrate progressive dysphagia charac¬ 
terized by repeated attempts to swallow, gagging, retching, 
and regurgitation (often immediately after eating). Clinical 
signs most often appear at the time of, or shortly after, weaning. 
A moist, productive cough may develop as a consequence of 
aspiration pneumonia. Physical examination is generally unre¬ 
markable with the exception of moist crackles in animals with 
pneumonia. 


Clinical Signs 


The clinical signs vary as to the type of chemical injury, sever¬ 
ity of inflammation, and extent of esophageal involvement. 
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Figure 220*3 Contrast esophagram [lateral view) performed 
with food in a 5-year-old dog. Generalized esophageal dilatation is 
observed secondary to severe reflux esophagitis. Esophageal func¬ 
tion completely normalized after medical therapy for esophagitis. 


Fig ure 220-2 Contrast esophagram (static image) performed 
in a 5-month-old puppy with cricopharyngeal dysphagia. Reader 
should note the abnormal reflux of liquid barium into the 
n a sop h arynx. 


Animals with mild esophagitis may be asymptomatic. 
Moderate-to-severe esophagitis causes anorexia, dysphagia, 
odynophagia (seen as extension of the head and neck during 
swallowing), and hypersalivation. Regurgitation is often inter¬ 
mittent, but it may be persistent. Thick, ropey saliva that is 
blood-tinged is often expelled. The physical examination may 
be unremarkable in animals with mild esophagitis. Cachexia 
and weight loss may be seen with prolonged disease. 

Diagnosis 

Results of routine hematology, serum biochemistry, urinalysis, 
and survey thoracic radiographs are usually normal. 
Segmental or diffuse esophageal dilatation may be seen with 
severe mucosal inflammation (Figure 220-3), Barium contrast 
radiography is infrequently performed but may confirm 
esophageal dilatation, disturbances in motility, and stricture. 
Esophagitis is an endoscopic diagnosis that does not require 
mucosal biopsy. A spectrum of mucosal abnormalities may be 
observed during esophagoscopy including increased erythema, 
erosions, and alterations in mucosal texture (Figures 220-4 
and 220-5), Lesions are usually most evident in the distal 
esophagus, adjacent to and including the LBS. Tie presence 
of gastroesophageal reflux with a dilated LES is suggestive of 
a hiatal disorder. 


Figure 220-4 Endoscopic appearance of severe esophagitis in 
the distal canine esophagus. Marked mucosal erythema and dilation 
of the lower esophageal sphincter (LES) is evident. 












be administered (0.1 to 0.2 mg/lb per os, subcutaneously, 

three times a day) or cisapride (0,05 to 0,25 mg/lh per os, 
twice a day) to decrease esophageal reflux (by increasing LES 
pressure) and to promote gastric emptying. Gastric acid secre¬ 
tory inhibitors (ranitidine 0,5 to 1,0 mg/lb orally or intra¬ 
venously, twice a day; famotidine 0.25 to 0.5 mg/lb orally, 
once a day; omeprazole 0.35 mg/ib orally, once a day) should 
be given to decrease acidity of gastric juice. Broad-spectrum 
antibiotics are indicated in the occasional animal having con¬ 
current aspiration pneumonia, A water bolus should be rou¬ 
tinely administered to cats receiving tablets or capsules per os 
to prevent medication-associated esophagitis^ 

The duration of drug therapy is empiric and varies with 
severity of signs and endoscopic lesions. Mild lesions are 


Treatment 

Mild esophagitis frequently resolves with minimal treatment 
other than dietary management. The clinician should provide 
frequent, smaller-sized meals of a low-fat, high-protein 
content to enhance LES tone and to minimize reflux. Animals 
having more severe esophagitis, especially those with 
anorexia, weight loss, or the inability to retain food, will require 
drug therapy and gastrostomy tube feeding, Sulcralfate 
pension (0*5 to 1.0 g orally, three times a day) is the most ben¬ 
eficial and specific therapy for reflux esophagitis." it selectively 
binds to eroded mucosa and provides effective barrier protec¬ 
tion against refluxed gastric contents. Metoclopramide should 
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animal with regurgitation and suspected esophageal 


Figure 220-1 Diagnostic approach to 

disease. (Adapted from Washabau RJ: Diseases of the esophagus, in Ettinger SJ, Feldman ED [eds]: 
Textbook of Veterinary infernal Medicine. 5th ed. Philadelphia, WB Saunders Co r 2000, p 1144.) 
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Figure 220-6 Endoscopic appearance of a large angular bone 
lodged in die thoracic esophagus of a 2-year-old dog. Minor erosive 
lesions are also present. 


Figure 220-5 Endoscopic appearance of refl 
the distal 
erosions are 

sphincter (LES). 


llx esophagitis in 
canine esophagus. Pooled liquid reflux and multifocal 

seen along the mucosa adjacent to the lower esophageal 


treated for 5 to 7 days; moderate-to-severe esophagitis is treated 
for 2 to 3 weeks. The prognosis in most cases of esophagitis i 
good with appropriate medical therapy; Animals having 
disease warrant a guarded prognosis because permanent chang 
in esophageal structure (stricture formation) or function {seg¬ 
mental or generalized hypomotiiity) may 


perforation is suspected, Esophagoscopy should be performed to 
confirm the diagnosis and to assess secondary mucosal damage. 

Treatment 

Esophageal foreign bodies are medical emergencies and 
should be promptly removed. Endoscopic removal of foreign 
bodies using a flexible instrument that accommodates 
ety of retrieval (grasping) instruments is usually successful. 
Larger grasping forceps, normally used with rigid endoscopes, 
may be passed along the side of the flexible endoscope to 
grasp objects. Distal esophageal foreign bodies may be pushed 
into the stomach if they cannot be extracted orally. 
Gastrostomy is not required for most bone foreign bodies, but 
non digestible materials retained in the stomach will require 
surgical removal.The clinician should thoroughly evaluate the 
esophageal mucosa after foreign body extraction for hemor¬ 
rhage, lacerations, and perforations (Figures 220-6 and 220-7). 
Postprocedural thoracic radiographs should be obtained to 
assess for pneumomediastinum and pneumothorax. 


is 


severe 


es 


occur. 
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ESOPHAGEAL FOREIGN BODIES 


The ingestion of foreign bodies is a common cause of esophageal 
dysphagia in the dog but is less common in cats. Foreign bodies 
usually lodge at points of minimal esophageal distension includ¬ 
ing the thoracic inlet, at the base of the heart, or at the diaphrag¬ 
matic hiatus. The most common objects ingested are bones, fish 
hooks, needles, sticks, and play toys. Retained foreign bodies 
cause partial or complete mechanical obstruction. Muscle spasm 
and tissue edema occur around the foreign body, making passage 
of the object down the esophagus more difficult. Mucosal 
abrasion, laceration, and perforation may occur with sharp 
angular objects that are lodged intraluminally. 

Clinical Signs 

The severity of clinical signs is related to the size of the foreign 
body and duration of esophageal obstruction. B Most dogs and 
cats with large esophageal foreign bodies are presented for eval¬ 
uation of acute onset of regurgitation, dysphagia, odynophagia, 
gagging, and excessive salivation. Smaller foreign bodies which 

are undiagnosed initially may cause identical signs of several days 
duration. 

Diagnosis 

Foreign body ingestion may be reported by the owner Physical 
examination is variable, ranging from unremarkable to die pres¬ 
ence of halitosis seen with tissue necrosis. Cervical esophageal 
foreign bodies may be palpable. The findings of depression, 
anorexia, fever, and cough support aspiration pneumonia or 
esophageal perforation. A hemogram may reveal a leukocytosis 
ith infection. C linicians should evaluate thoracic radiographs 
for aspiration pneumonia (alveolar pulmonary opacities) 

esophageal perforation (pneumomediastinum, mediastinitis]. 

Contrast radiography is necessary to identify radiolucent objects. 

A water-soluble positive-contrast agent (iohexol, gastrogra fin) 
should be used rather than barium sulfate if esophageal 


or 


w 


or 


Figure 220-7 Endoscopic appearance of the thoracic esophagus 

after successful extraction of a bone foreign body (see Figure 220-6). 
Reader should note the 

esophageal mucosa 


trauma and hemorrhage to the 
as a consequence of foreign body retrieval. 


severe 
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Food or water should be restricted for 24 to 48 hours, 
depending on the extent of esophageal trauma. Animals with 

mucosal damage will require complete esophageal rest 
and gastrostomy tube feedings. The clinician should institute 
medical therapy for esophagitis (see Esophagitis earlier in this 
chapter]. Small esophageal perforations are successfully treated 
ith broad-spectrum antibiotics such as amptcillin (11 mg/lb 
subcutaneously, intramuscularly, or intravenously, three times 
a day),** Surgery [esophagotomy] is indicated if the foreign 

body cannot be removed endoscopicaily. 

The prognosis after endoscopic foreign booy removal is 
generally excellent. Significant esophageal trauma or large 
perforation carries a guarded prognosis. Permanent sequellae 
may include fistula, diverticulum, or stricture formation, as 
well as segmental defects in motility- 


severe 


w 


ESOPHAGEAL STRICTURE 


Figure 220-9 Balloon dilatation of an esophageal stricture in a 
cat using endoscopic guidance (see Figure 220-8), Esophagoscopy 
demonstrates a 4 mm 


Esophageal stricture is an abnormal circumferential narrowing 
of the esophageal lumen that occurs secondary to severe eso¬ 
phagitis. After mucosal injury, inflammation extends beyond 
the mucosa into the muscular layer and heals by fibrosis. Fihrotic 
changes (maturation with contraction) in the esophageal wall 
cause luminal narrowing. Strictures may occur 3t any point 
along the length of the esophagus. The time period from 

esophagitis to lumenal stenosis is approximately 1 to 
3 weeks. 10 The most important causes for stricture are gastro¬ 
esophageal reflux (secondary to general anesthesia) and trauma 
from esophageal foreign bodies. 

Clinical Signs 

Classical signs for esophageal dysfunction (regurgitation, dys¬ 
phagia, ptyalism) are observed and tend to be progressive. 
Animals often are more tolerant of liquid meals rather than 
solid meals. A ravenous appetite with weight loss is common 
because of the inability to transport food past the structured site. 

Diagnosis 

A diagnosis of stricture is often suggested by clinical history. 
The physical examination generally reveals no significant abnor¬ 
malities other than weight loss. Survey thoracic radiographs 
are usually normal. Contrast radiography using liquid barium 
barium mixed with food demonstrates esophageal lumenal 
stenosis (Figure 220-8). Contrast studies are useful in assessing 
the number, location, and length of strictures. Most animals 


diameter stricture in the thoracic esophagus. 


have a single esophageal stricture. Esophagoscopy confirms 
stricture and permits differentiation of benign from malignant 
stricture via results obtained from mucosal biopsy and endo¬ 
scopic exfoliative cytology. 


se v e re 


Treatment 

Benign strictures are best treated by mechanical dilatation 
using a balloon catheter under endoscopic guidance. Balloon 
catheter dilatation is superior to rigid bougienage because less 
likelihood of perforation exists, fewer repeated dilatations are 
required, and a longer clinical response occurs between dilata¬ 
tions. 31 A technique for balloon catheter dilatation in both 
dogs and cats has been previously described, 
polyethylene catheter (Kidgiflex Dilator, Microvasive Inc, 
Watertown, MA) is carefully advanced adjacent to the endo- 

and centered in the lumen of the stricture. The balloon 


A special 


] 3-13 


scope 

is distended to a desired pressure (not to exceed the maxi¬ 
pressure recommended by the manufacturer) and held 

for 2 to 3 minutes. The catheter is then deflated to evaluate 
lumenal diameter and the extent of iatrogenic trauma. The 
procedure is immediately repeated using a greater catheter 
pressure to dilate the stricture further ( Figures 220-9 to 220-11). 
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Figure 220-8 Contrast csophagram pateral view) using liquid 
barium in a 4-year-old domestic shorthaired (DSH). A 1.5 cm long 
esophageal stricture is visualized over the base of the heart. Reader 
should note that the esophagus is dilated cranial to the stricture 


Figure 220-10 Balloon dilatation procedure using maximum 
hall non inflation pressure. 
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The underlying pathophysiologic mechanism for acquired 
idiopathic megaesophagus is unknown. Functional responses 
of the upper and LESs remain intact, and a defect In the affer¬ 
ent neural pathway responsive to esophageal distension is 
suspected. 17 m Acquired secondary megaesophagus may result 
from many disorders, especially diseases causing diffuse 
muscular dysfunction {Table 220-2), MG accounts for at least 
25% ol the acquired causes in dogs. 13 - 20 Dysautonomia is a 
generalized autonomic neuropathy in which megaesophagus 
and esophageal hypomotility are consistent findings . 2] This 
idiopathic disorder is more frequently recognized in cats and 
is attributed to degenerative lesions involving autonomic gan¬ 
glia that affect esophageal function* Other causes of segmen¬ 
tal or diffuse esophageal hypomotility include foreign bodies, 
stricture, vascular ring anomalies, and esophagitis. Esophageal 
dysfunction in Chinese Shar Peis may also result from segmental 
hypomotility and esophageal redundancy 22 

Clinical Signs 

Regurgitation is the salient clinical sign seen with mega esoph¬ 
agus, Considerable variability exists in the frequency and 
timing of regurgitation episodes after meal ingestion. Puppi 
with congenital megaesophagus often begin regurgitating when 
weaned to solid lauds. Weight loss and emaciation 
ondary to malnutrition in animals having long-standing disease. 
Respiratory distress (moist cough, dyspnea) and fever indicate 
aspiration pneumonia, which is the most common complica¬ 
tion of megaesophagus. Additional clinical signs including 
muscle pain and stiff gait with polymyositis, generalized weak¬ 
ness with neuromuscular disease, and GI signs with lead toxicity 
or Addison's disease may be detected in animals having mega- 
esophagus associated with an acquired disorder. 

Diagnosis 

The clinician should suspect megaesophagus in any adult 
animal, particularly dogs, with a history of regurgitation. Survey 
radiographs of the cervical neck and thorax usually reveal the 
presence of a dilated air-, fluid-, or ingest a-filled esophagus 
[Figure 220-12). The presence of pulmonary alveolar opaci¬ 
ties are indicative of aspiration pneumonia. Barium contrast 
radiography (esophagram) confirms dilatation and provides 
evidence of other structural abnormalities (mechanical obstruc¬ 
tion). Esophageal motility is best evaluated with fluoroscopy 
which assesses the presence and intensity of esophageal peri¬ 
stalsis. Routine hematology, serum biochemistry and urinalysis 
should he performed to screen for acquired causes of mega- 
esophagus. An acetylcholine receptor antibody titer should be 
performed to evaluate for acquired MG, even in the absence 
of generalized muscle weakness, because MG may mimic idio¬ 
pathic megaesophagus. Additional laboratory tests are per¬ 
formed on the basis of clinical suspicion (see Table 220-2), 
Esophagoscopy is rarely required for diagnosis of megaesoph¬ 
agus, except wdien obstructive disease (neoplasia) or reflux 
esophagitis are suspected. A clinical diagnosis of dysautono- 

is made in most cases based on the unique historical 
( depression, anorexia, constipation, regurgitation) and physi¬ 
cal examination (dry mucous membranes, pupillary dilation, 
prolapsed nictitating membranes, diminished pupillary light 
response, bradycardia, and areflexic anus) findings 21 

Treatment 

Animals with acquired secondary megaesophagus are treated 
specifically for the disorder causing abnormal esophageal 

motor function (see Table 220-2). Treatment of idiopathic 

megaesophagus and those acquired forms that fail to respond 
to specific medical therapy is primarily supportive and symp¬ 
tomatic. The clinician should offer small, frequent meals from 

an elevated or upright position to assist passage of ingesta into 
the stomach. Food consistency should be varied (gruel versus 


neuro- 


Figure 220-T1 Iatrogenic esophagitis that occurs secondary to 
aggressive balloon dilatation. Reader should note the significant 
hemorrhage and fibrous tissue tears at the dilated stricture site. 


es 


occur sec- 


Balloon dilatations are 

(each requiring a separate anesthetic procedures) at intervals 
of 2 to 3 days because restructure occurs rapidly, 1 " 1 Those stric¬ 
tures associated with active esophagitis will require a greater 

number of dilatation procedures. Complications of balloon 
dilatation include 

esophageal perforation (rare). 

Medical therapy of esophagitis is required after mechanical 
dilatation*The clinician should withhold feedings for 24 hours 
place a gastrostomy tube for enteral feedings in animals 
with severe mucosal trauma. To prevent further injury to the 
esophageal mucosa from gastroesophageal reflux, H 2 -blockers, 
drugs to enhance LES tone, or both should be administered* 
Animals with severe esophagitis are also treated w r ith an oral 

sucralfate slurry (0,5 to 1,0 g dissolved into 5 ml water, orally, 
three times a day)* The use of corticosteroids (prednisone 
0.5 to 1.0 mg/lb orally, divided twice a day for 10 to 14 days) may 
prevent healing by fibrosis and stricture recurrence* Dietary 
management and medical therapy of gastroesophageal reflux 
should be continued for 10 to 14 days after balloon dilatation. 
The prognosis lor benign strictures is good writh successful 
dilatation* Surgical resection of benign strictures is less desir¬ 
able because success rates are less than with balloon dilatation 
procedures. Furthermore, re strict Lire at the surgical site is a 

sequellae. Malignant esophageal strictures carry a poor 
prognosis and are treated with a combination of surgical resec¬ 
tion (if possible), balloon dilatation (if needed), and appropriate 
pcstsurgkal irradiation, chemotherapy, or both. 


usually performed two to four times 


excessive hemorrhage (common) and 


or 


con imnn 


MEGAESOPHAGUS AND ESOPHAGEAL 
HYPOMOTILITY 


mi a 


Megaesophagus is a disorder characterized by diffuse 
esophageal dilation and a peristalsis. This syndrome 


may occur 

congenital idiopathic disorder (uncommon), or it may man¬ 
ifest in adult animals 


as a 


as an idiopathic (common) or acquired 
lesion* A familial predisposition for congenital megaesophagus 
has been suggested for the Irish setter, Great Dane, German 
shepherd, Labrador retriever, Chinese Shar Pei, Newfoundland, 
miniature schnauzer, and fox terrier breeds lW Congenital 
mega esophagus in cats is rare, but Siamese cats may be predis¬ 
posed. The pathogenesis of congenital idiopathic megaesophagus 
is poorly understood but may involve a defect in vagal afferent 
innervation of die esophagus. 
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Diagnosis ami Treatment of Megaesophagus 


TREATMENT 


DIAGNOSTIC TEST 


CAUSE 


Neuromuscular Disease 

Idiopathic 

Myasthenia gravis (MG) 


Small, frequent elevated feedings 
Pyridostigmine (0.5-l.S mg/lb PO bid, 

+/- prednisone (0,5-10 mg/lb PO, SC bid) 
Prednisone (0.5-10 mg/lb PO, SC bid) 
Prednisone (0.5-1.0 mg/lb PO, SC bid) 
Supportive/symptomatic care 
Prednisone (0.5-10 mg/lb PO bid) 
Suppartive/symptomatic care 
Supportive care 
Supportive care 


Diagnosis of exclusion 
Acetylcholine receptor antibody titer, 
tensilon * -it, +/- EMC 
ANA, skin biopsy 
CK, muscle biopsy, EMC 
Muscle/liver biopsy, urine metabolic screening 

Skin/musde biopsy 
Clinical diagnosis 
CSF tap, distemper titer 
EMC, serum toxin assay 


Systemic lupus erythe mates is (SLE) 

Polymyositis/polymyopathy 

Glycogen storage disease (type II) 

Dermatomyositis 

Dysautonomia 

Distemper 

Tetanus 


Esophageal Obstruction 

Neoplasia 

Vascular ring anomaly 

Stricture 

Foreign body 


Surgical resection, chemotherapy 
Surgical correction 
Balloon dilatation 
Endoscopic retrieval 


Contrast radiography, esophagoscopy and biopsy 

Survey/contrast radiography 
Contrast radiography, esophagoscopy 
Survey/contrast radiography, esophagoscopy 


Toxic ity 

Lead 

Organophosphote 


Chelation therapy (calcium EDTA) 

Gastric lavage, atropine {0.1 mg/lb SC once) 
Pralidoxime chloride (5-7.5 mg/lb slow IV) 


Hematology, blood lead 
Blood cholinesterase activity 


Miscellaneous 

Hypoad renocorticism 


Prednisone (0,05 mg/lb PO bid) t 

fludrocortisone (0.005 mg/lb PO bid) 
Surgical correction 
Surgical correction, supportive care 

Sucralfate (0.5-10 g slurry PO tid), 
ranitidine (0.5-10 mg/lb PO ranitidine 
(0.5-10 mg/lb PO bid), metoclopramide 
(0.2 mg/lb PO tid) 

Surgical resection 


ACTH stimulation test 


Contrast radiography, esophagoscopy 
Survey radiography 
Esophagoscopy 


Hiatal hernia 

Gastric dilatation-volvulus 
Esophagitis 


Survey radiography, thymic aspirate 

Adapted from Washabau RT Diseases of the esophagus, hi Ettmger SJ, Feldman ED (eds): Textlrook of Veterinary Internal Medicine, 5th cd 
Philadelphia, WB Saxmders Co * 2000, p \ 150. 


Thymoma 


30 




3 


bulk boluses) to determine which types of food are best tol¬ 
erated. Animals that are severely malnourished or that have 
aspiration pneumonia should have a gastrostomy tube placed 
for enteral nutritional support. Broad-spectrum antibiotics 
should be given for treatment of aspiration pneumonia. 
Clients should be counseled that recurrent pneumonia is a 

problem necessitating prompt detection and treat¬ 
ment for long-term success, 

Promotility drugs are currently of unproven benefit in the 
management of idiopathic megaesophagus in dogs. Roth meto- 
clopramide and cisapride are smooth muscle prokinetic agents 
that have no effect on the striated muscle of the esophageal 
body.In deed, preliminary data indicate that cisapride actually 
decreases the esophageal transit rate of a food bolus in healthy 
dogs. 2 * Cisapride may be a useful prokinetic agent in cats with 
distal esophageal motility disturbances because of the smooth 

muscle component in this segment of the feline esophagus. 
Affected animals should be re-evaluated at 1- to 2-month 
intervals to monitor disease progression. Thoracic radiographs 
should be repeated to assess esophageal dilatation and aspiration 
pneumonia. Some animals with congenital idiopathic mega- 

time (months] with diligent 
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Figure 220*12 Survey thoracic radiograph (lateral view) per¬ 
formed in a 10-year-old dog with idiopathic megaesnphagus. 
A diffusely dilated, air- filled esophagus is readily visualized. 


esophagus may improve over 
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supportive care. The prognosis with acquired idiopathic 

usually succumb to 
repeated episodes of aspiration pneumonia or are euthanized 

because of their irreversible disease Animals with acquired 
secondary megaesophagus may respond to specific drug therapy. 
The prognosis in dogs with mega esophagus caused by acquired 
MG is favorable, with approximately 50% of dogs responding 
to supportive therapy. 


mega- 


us is generally poor. These animals 


eso 




VASCULAR RING ANOMALY 




r.»»s 




Vascular ring anomalies are congenital malformations of the 
major arteries of the heart that entrap the intrathoradc 

agus and cause eso 
arch (FRAA) i 


L. 


phageal obstruction. Persistent right 
is the best-documented i 

when the embryonic right 
(rather than the left fourth aortic arch] becomes the func¬ 
tional adult aorta. Circular 

occurs hy the aorta nn the right, the ligamentum arte 

dorsolaternlly on the left, the pulmonary trunk on the left, and 

the heart base ventrally. This anomaly is considered to have 

familial tendency because German shepherds and Irish setters 

appear to be predisposed. K Other less common vascular 

anomalies include persistent right or left subclavian arteries, 

double aortic arch, persistent right dorsal aorta, left aortic arch 

and right 1 i gam en turn arte nosum. and aberrant intercostal 
arteries. 


I 


aortic 


anomaly in both dogs 

aortic a 


and cats; it 


occurs 


Figure 220-13 Contrast esophagram (lateral view) performed 
in a 7-month-old dog 


esophagus 


with a persistent right aortic arch. Abrupt 
attenuation of the liquid barium contrast col 


B 


umn is observed at 


the base of the heart along with 


segmental (cranial) esophageal 


dilatation. 


a 


ar ring anomaly. Survey thoracic radiographs 
----- esophageal body dilation cranial to the base of 


a v 


demonstra te 


the heart, Radiographic abnormalities to the caudal 


esophagus 

are seldom seen. A barium esophagram should be performed 
to confirm the location of esophageal obstruction and severity 

of esophageal distension (Figure 220-13). Fluoroscopy is useful 

to evaluate for segmental or generalized esophageal motility 
disturbances. Angiography is occasionally performed For defini¬ 
tive confirmation of the type and location of the vascular 
ntjjTi l 1 v pnor tc > surgery. Esophugoscopy will differentiate intra¬ 
luminal stricture from extraluminal compression. Strictures 
appear as distinct intraluminal fibrous rings that remain static 
when viewed endoscopically; whereas with vascular ring 
anomaly, rhythmic pulsations of the great arteries compressing 
the esophagus externally are observed (Figure 220-14). 


Clinical Signs 

A [feeted puppies and kittens usually present for regurgitation 
of solid foods at the time of weaning. Weight loss 

;vod appetite is commonly observed. The 
presence of a moist cough, dyspnea, and fever suggest aspira¬ 
tion pneumonia. Physical examination often reveals a thin, 
stunted animal that is otherwise normal. 


with failure 


ive 


Diagnosis 

Vascular ring anomalies should be differentiated from other 

causes of regurgitation in young animals such as congenital 

idiopathic megaesophagus, esophageal foreign body, and 
eric op h a r y n gea I d vs ph agi a, Th c 

history' of regurgitation si 


% 


Treatment 

Definitive therapy for PR A A 


sign a I meat and a compatible 
since weaning are very suggestive of 


is surgical ligation and transection 
of the ligamentum arteriosum. Animals with severe debilitation 
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Figure 220-14 Dynamic endoscopi 

dog (see Figure 220- 13) F 

stenosis to intermittently "dose" (A) a 


ic appearance of persistent right aortic arch in a 3-year-old 

s artery cause the 


t ra 1 u m i n a 1 


pulsations of blood through th 
and "open" (B). 
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[es oph a go p ulmonary, esophagotracheal, and esophago- 
bronchial fistula), both congenital and acquired fistulas have 
been described. Acquired fistulas are usually associated with 
retained esophageal foreign bodies, especially bones. Other 
causes include trauma, neoplasia, or periesophageal inflamma¬ 
tion, In most cases, the lodged foreign body causes mural 
necrosis, esophageal perforation, and leakage of esophageal 
contents into adjacent tissues. Healing leads to development 
of a communicating tract with resultant airway contamination 
from esophageal contents. Esophageal fistula is relatively 
uncommon in the dog and cat. 

Clinical Signs 

Clinical signs are primarily associated with respiratory tract 
and include coughing and dyspnea. Coughing after drinking is 

presenting sign. Dysphagia and regurgitation are 
less commonly observed in association with an esophageal for¬ 
eign body. Anorexia, lethargy, weight loss, and fever are 
with mediastinitis or aspiration pneumonia. The physical 
examination findings of cough, fever, pulmonary crackles, and 
■eight loss reflect chronic respiratory disease. 

Diagnosis 

Survey thoracic radiographs usually reveal a localized alveolar, 
bronchial, or interstitial lung pattern (or a combination of these 
patterns). The right caudal lung lobe in dogs and the left caudal 
and accessory lobes in cats are most commonly affected, 27 
Radiopaque foreign bodies may be observed in the esophagus. 
A barium csophagram is required for definitive diagnosis of 
esophageal-airway communication. Clinicians should avoid 
using iodinated contrast agents in these procedures because they 
hyperosmolar and potentially irritating to exposed tissues. 

Endoscopic examination (esophagoscopy, bronchoscopy) is of 
limited value in confirming small fistulas A CBC may reflect 

assoc ia te d 

non regenerative anemia. 

Treatment 

Surgical correction of the fistulous tract is required, 
Esophagotoray for a retained esophageal foreign body should 
be performed. Lobectomy may be necessary as a result of pul¬ 
monary consolidation or foreign material contained within the 
airways, Postsurgical therapy includes esophageal rest and 
administration of appropriate antibiotics for infection I based 
c ultu r e and suscepti b il ity tes t i ng of inv oI v ed tiss ues). A good 
prognosis is given to animals after successful surgery*The prog¬ 
nosis is guarded if severe complications, such as dehiscence, 
stricture* or pulmonary 7 abscess a ti on, are present. 


from malnutrition will require enteral nutritional support via 
gastrostomy tube feedings. Aspiration pneumonia should he 
effectively treated with broad-spectrum antibiotics before 
surgery. Significant clinical improvement usually follows 
corrective surgery, although esophageal hypomotility and 
regurgitation may persist. In these instances, affected animals 

aged with elevated feedings as described for idiopathic 


are man 
megaesophagus. 

The best prognosis for return of normal esophageal function 
is obtained with early diagnosis and prompt surgical interven¬ 
tion. Progressive esophageal dilatation that causes irreversible 
myenteric nerve degeneration and esophageal hypomotility 
may occur if a diagnosis is not made at an early age. 


ESOPHAGEAL DIVERTICULA 


a common 


Esophageal diverticula are rare pouchlike sacculations of the 
esophageal wall that may be congenital or acquired. 
Congenital diverticula are due to developmental abnormali¬ 
ties of the esophagus that permit herniation of the mucosa 
through the muscularis. Acquired diverticula are classified as 

either pubfon or traction forms. Pulsion diverticula result from 
conditions of increased intraluminal pressure secondary to 
obstruction [stricture or foreign body) or altered motility— 2h 
Traction diverticula result from periesophageal inflammation 
and fibrosis. With the traction form, contraction ol fibrotic 
adhesions leads to eversion and out-pouching of the esophageal 
wall*The accumulation of ingesta (impaction) within diverticula 
leads to esophagitis* mechanical obstruction (seen with large 
diverticula), and disturbed esophageal motility. 

Clinical Signs 

Large multilobulated diverticula are most likdv to catise signs 
of regurgitation, odynophagia, and retching. Postprandial 
regurgitation results from mechanical obstruction and motility 
disturbances. Severe cases with mucosal ulceration may eventu¬ 
ally perforate and cause signs of mediastinitis and respiratory 
distress. Clinical signs may not occur with small diverticula. 

Diagnosis 

Survey thoracic ra 

opacity adjacent to the esophagus. Diverticula should not he 
confused with the normal esophageal redundancy seen in young 
brachy ceph a lie breeds and Chinese Shar Peis. Performance of 
contrast radiography shows a locally dilated segment of the 
esophagus that fills partially or completely with contrast 
material Esophagoscopy confirms a sac like out-pouching of 
the esophageal lumen containing impacted ingesta and having 
localized esophagitis. 


seen 


Vl 


are 


inflammation (periesophagitis, pneumonia) and 


diographs may reveal an air or soft-tissue 








on 


53 


ESOPHAGEAL NEOPLASIA 


Treatment 

Diverticulectomy is the preferred therapy. Large diverticula 

and reconstruction of the 




Tumors of the esophagus are rare, accounting for less than 
0.5% of all cancers in the dog and catd* Neoplasms may be 
of primary esophageal, periesophageal 
Esophageal fibrosarcoma and osteosarcoma are 

malignant tumors in dogs, developing from malig¬ 
nant transformation of esophageal granulomas associated 

with Spiracerca lupi infection.Squamous cell carcinoma is 
the most commonly diagnosed primary esophageal tumor in 

Other less commonly reported primary esophageal 
tu m o rs i n the dog and cat ind ude le i om vo (sarco) ma and u n dif- 
ferentiated carcinoma. Periesophageal tumors arising from a 
variety of adjacent structures (lymph nodes, thyroid, thymus, 
and heart base) cause local esophageal invasion, direct mechan¬ 
ical obstruction, or both. Metastatic lesions (thyroid, pul¬ 
monary 7 * and gastric carcinomas) commonly involve the 
esophagus hut less frequently cause clinical signs of esophageal 

d i sensc 


s 


cn 


will require greater excision 
esophageal wall. Small diverticula may be managed medically 
ith smaller-sized, upright feedings of a liquid or semiliquid 
diet to minimize impaction of ingesta in the diverticulum. 
Traction diverticuli are often managed with broad-spectrum 
antibiotics, whereas pulsion diverticula are treated for their spe¬ 
cific cause (see Esophagitis, Stricture, earlier in this chapter). 
Most cases warrant a guarded prognosis because complica¬ 
tions, such as stricture formation and segmental hypomotility, 
m ay p e rsist a fte r su rgcry. 




, or metastatic origin, 

the most 


w 


common 


cats. 


ESOPHAGEAL FISTULA 


An esophageal fistula is an abnormal communicating tract 

between the esophagus and usu 


ally the respiratory system 
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Figure 220*15 Survey thoracic radiograph (lateral 
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view) showing 

in a 9-year-old 

:t soft-tissue opacity is visualized in the 
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Figure 220-17 Endoscopic appearance of 
located adjacent to the lower esophageal sphincter (LES) in a dog 
(see Figure 220-15). Histopathology proved the 
I e iomy osarcom a. 
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an eso 
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mass 


mass to be 
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Clinical Signs 

Animals with esophageal 
progressive esophageal obstruction, including chronic regurgi¬ 
tation. dysphagia, odynophagia, and ptyalism. Anorexia, 
weight loss, and depression 


examination findings may reveal 


wei 


emaciation, 
masses involving the cervical esoph- 


ne op I a si a have signs consistent with 


+ 


^ I 


r .1 


agus might be palpable 


typical of advanced 


Diagnosis 

Clinicians should consider a diagnosis of esophageal 

middle-aged and older animals having chronic progressive 
signs of obstructi ve esophageal disease. Survey thoracic radio¬ 
graphs may be normal or reveal variable esophageal dilatation, 

mass, or 
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tion resulting from the inability to retain food. The physical 
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-15 and 22046). The 

n pneumonia (alveolar 
opacities) and metastasis (nodular opacities). A barium 

esophagram typically con firms the presence of 

obstructive lesion. Esophagoscopy with mucosal 
biopsy and exfoliative cytology is required for definitive diag¬ 
nosis of esophageal neoplasia (Figures 220-17 and 2204 8). 
Endoscopic biopsy of the 
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Figure 220-16 Contrast esophagram (ventrodorsal view) i 
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Figure 2204S Endoscopic 
periesophageal 
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cat causing near complete esophageal 
obstruction fsee Figure 220-16). Endoscopic exfoliative cytology 
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performance of diaphragmatic crural apposition, esdphagopexy, 
and 1 eh fundic tube gastropexy techniques. 3133 Animals 
having smaller, intermittent hiatal hernias should he medically 
managed for reflux esophagitis, using H 2 receptor antagonists 
(to reduce gastric acidity), sucralfate suspensions (as a mucosal 
cyloprotectant), and drugs (cisapride or metoclopramide) to 
enhance LES tone, which inhibits gastroesophageal reflux. 
Animals failing medical management will require surgical 

intervention. 

A good prognosis is warranted in animals after successful 
surgery A guarded prognosis is given to animals with concur¬ 
rent esophageal motility disturbances. 


is tough and it is technically demanding to position 


mucosa 

the biopsy instrument (forceps) perpendicular to the mucosa. 
Biopsies with small pinch forceps often provide nonrepresen¬ 
tative superficial epithelial specimens. Both mucosal biopsy 
and exfoliative cytology are most beneficial in the diagnosis of 
epithelial-based neoplasms, such as squamous cell carcinoma 

and lymphosarcoma. 


Treatment 

Successful treatment of malignant esophageal neoplasia is 
uncommon because the disease is often w'ell ad .meed at the 
time of diagnosis. This is especially true for animals having 
secondary complications such as severe malnutrition, esophageal 
hypomGtility, and aspiration pneumonia. Chemotherapy, 
radiation therapy, and surgery are palliative techniques lor 
treatment of malignant tumors. In contrast, benign esophageal 
neoplasms (leiomyoma) carry a good prognosis with complete 
surgical resection, 30 Lymphosarcoma (typically diagnosed as a 
periesophageal mass) is generally responsive to multiple drug 

chemotherapy regimens. 


MISCELLANEOUS ESOPHAGEAL DISORDERS 


Major causes for esophageal perforation include esophageal for¬ 
eign bodies (large or angular- shaped bones and those objects 
retained for a prolonged period causing pressure necrosis) and 
penetrating trauma to the cervical esophagus caused by bite 
wounds (Figure 220-19). Predominant signs of anorexia, 
depression, odynophagia, moist cough, fever, and 
stance are observed, A diagnosis is often suspected based 
history and survey radiographic findings that show a pneumo¬ 
mediastinum. pneumothorax, and mediastinal or pleural effu¬ 
sion. A contrast csophagram using a water-soluble contrast 
agent (Omnipaque) should be performed to determine the 
location and extent of the esophageal tear, Esoph agoscopy 

may detect large tears but is an 
small tears. Treatment is generally conservative, using broad- 
spectrum antibiotics, fluid therapy, and nutritional support 
by tube gastrostomy feedings. Clinicians should monitor 
therapeutic responses by repeating thoracic radiographs. Large 
perforations will require surgical correction. 

Periesophageal obstruction is uncommonly associated 
with intrathoracic mass lesions (neoplasia, lymph adenopathy, 
large abscess) that cause partial extraluminal compression. 
Clinical signs usually indicate slowly progressive esophageal 
dysphagia, often accompanied by extra-esophageal signs of 
dyspnea, cough, and exercise intolerance. Survey thoracic radio¬ 
graphs usually identify an intrathoracic mass with esophageal 
encroachment. A contrast esophagram may or may not deter¬ 
mine whether intraluminal versus extra luminal compression is 
present, Esoph agoscopy is more 


rigid 


on 


HIATAL HERNIA 


Hiatal hernia may present at two distinct entities in the dog 
and cat: (1) sliding hiatal hernia, which is a cranial displacement 
of the distal esophagus and stomach into the mediastinum 
through the esophageal hiatus, and (2) periesophageal hiatal 
hernia, which involves cranial displacement of a portion of the 

stomach into the mediastinum through a defect adjacent to 

the esophageal hiatus, 3133 Sliding hiatal hernia is the most 
common form and may occur as a congenital or acquired lesion 

in the dog and cat. 

Most hiatal hernias are probably congenital and occur as 
developmental defects (enlargement) of the esophageal hiatus 
phrenicoesopb ageal ligament. Males and Chinese Shar Pei 
dogs appear to have an increased incidence and develop clinical 
signs shordy after weaning.Acquired hiatal hernias occasion¬ 
ally occur secondary to trauma (via damage to diaphragmatic 

and muscles resulting in hiatal laxity) and respiratory 
distress (caused by increased negative intrathoracic pressure 

w ith intermittent airway obstruction [laryngeal paralysis]). 
Regardless of the cause, hiatal herniation reduces LES pressure 
and leads to gasi.raesophagea 1 reflux, esophagitis, and segmen¬ 
tal or diffuse esophageal h ypomotility. 

Clinical Signs 

Intermittent signs of reflux esophagitis (persistent regurgita¬ 
tion, vomiting, occasional hematemesis and hypersalivation) 
predominate. Weight loss may be observed in animals having 
chronic disease. Dyspnea is common due to aspiration pneu¬ 
monia and compression of the lungs seen with large hernias. 
Affected animals may be thin on physical examination. 

Diagnosis 

Survey thoracic radiographs often reveal the presence of a tau- 
dodorsal, gas-filled, soft-tissue opacity. Varying degrees of 
esophageal dilatation and alveolar opacities (consistent with 
aspiration pneumonia) may also be observed. Performance of 
a positive contrast esophagram confirms hiatal herniation and the 
presence of esophageal dilatation. Fluoroscopy is useful in eval¬ 
uation of the magnitude of esophageal hypomotility present. 
Esoph agoscopy, generally nut a first-choice diagnostic test, may 
confirm reflux esophagitis and cranial displacement of both the 
LES and rugal folds of the stomach into the esophageal lumen. 

Treatment 

Reconstructive surgery is indicated for treatment of large con¬ 
genital hiatal hernias. Normal hiatal anatomy is restored by 


insensitive tool for localizing 


or 


nerv es 


seen 




useful in characterizing 


> 




33 
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Figure 220-19 Endoscopic appearance of cervical esophageal 
perforation in a dog caused by penetrating bite wxmnds to the 
neck. The dug responded completely to conservative medical 

management. 
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whether or not the stenosis is extraluminal, and whether 
potential mucosal invasion has occurred. Definitive diagnosis 
depends on identification of the mass lesion with fine needle 
aspiration, endoscopic exfoliative cytology (Figure 220-20) 
biopsy via thoracotomy. 

G/ intussusception is a rare disorder of young dogs caused by 
invagination of the stomach, and occasionally other structures 
such as die spleen, proximal duodenum, and pancreas, into the 
esophagus. 3 ' 1 Prolapse of a large portion of the stomach 
abrupt clinical deterioration with mortality rates in excess of 
95% reported.- 35 The cause for GI intussusception is unknown; 
however, congenital megaesophagus possibly predisposes to this 
disorder due to decreased esophageal motility and reduced LES 
tone. Animals with GI intussusception usually have histories of 

vomiting, regurgitation, dyspnea, hematemesis, and 
abdominal discomfort. Survey abdominal radiographs confirm 
the presence of a soft tissue and gas opacity in the dorsocaudal 
mediastinum. A contrast esophagram usually shows gastric rugae 
within the esophageal lumen and the presence of esophageal 
obstruction. Esophagoscopy may also confirm a bulging mass 
(gastric rugal folds) contained within the lumen of the esophagus. 
Treatment of large intussusceptions necessitates manual reduc¬ 
tion and gastropexy to prevent recurrence. Small lesions may be 
carefully reduced endoscopicaUy and subsequently managed 
medically for reflux esophagitis, 


, or 


causes 




acute 


Figure 220-20 Endoscopic exfoliative cytology obtained from 
a cat with an invasive 


periesophageal mass (see Figure 220-18). 
A uniform population of lymphoblasts, consistent w ith lymph 

coma, is present. Multidrug chemotherapy resulted in complete 
clinical remission for 9 months. ' 


osar- 


CHAPTER 221 


Diseases of the Stomach 


Kenneth W, Simpson* 


FUNCTIONAL ANATOMY 


enterochramaffin-like and somatostatin-producing cells in the 
fundus, and gastrin and somatostatin-producing cells in the 
antrum. Localized small aggregates of lymphoid tissues are 
observed at the base of the gastric glands. Intertwined 
between gastric glands is a rich network of blood vessels and 
lymphatics and nerves. Beneath the submucosa are two layers 
of smooth muscle that run perpendicuar to each other. The 
serosa is the outermost layer 

Regulation of Add Secretion 

Acid secretion is regulated by a variety of neurochemical and 
neurohumeral stimuli,^ Luminal peptides, digested protein, 
acetylcholine, and gastrin-releasing peptide (GRP) stimulate 
gastrin secretion from G cells and effect histamine release 
from enterochro m a ffin-like cells (ECL cells) (Figure 221-3). 

Histamine release from mast cells and binding of acetyl¬ 
choline and gastrin to parietal cells also contribute to secretion. 
Somatostatin released in response to gastric pH levels below 
3 decreases gastrin, histamine, and acid secretion. 

Unstimulated acid secretion in dogs and cats is minimal 

(dogs <0.04 mmol/kg. 75/hr) 6 and H7K + -ATPase, J, the acid 

pump,” is present in tubuJovesicles within the cytoplasm of 
parietal cells. 7 In the stimulated state HVK + -ATPase and KC1 
transporters are incorporated into the parietal cell canalicular 
membrane and hydrogen ions, derived from the ionization of 
water within the perietal cells, are transported into the gastric 

lumen in exchange for K + by HVK + -ATPase. Potassium and 


The stomach's main function is to act as a reservoir that con¬ 
trols the size and rate of passage of ingesta into the small 
intestine. The stomach also initiates the digestion of protein 
and fat and facilitates the absorption of vitamins and minerals. 

Anatomically the stomach is composed of four regions, the 
cardia, fundus, body, and antrum (Figure 221-1). The fundus 
and body expand to accommodate ingesta. The antrum is 
thick and muscular and grinds food into small particles that 
are triturated into the duodenum. The lower esophageal 
sphincter prevents reflux of ingesta into the esophagus and 
the pyloric sphincter controls efflux into the duodenum. 

The gastric wall has three layers: the mucosa, muscularis, 
and serosa. The mucosa has a superficial epithelium, gastric 
glands, and an innermost layer of smooth muscle, with fine 
structure and function varying depending on the gastric region 
(Figure 221-2). The mucosa in the cardia and pylorus is thin- 
and less glandular than in the fundus and body. The 
mucosa of the body contains mucous neck cells (pepsinogen A, 
gastric lipase), parietal ceils (acid, pepsinogen A, intrinsic 
factor), and chief cells (pepsinogen A)> 3 A variety of neuro¬ 
endocrine cells involved with the secretion of gastric acid 
interspersed between the glands. The predominant cells 
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Figure 221-1 Gastric anatomy of the empty and full stomach. 
(From Guilford, Strombeck, 1996, p 239, Saunders.) 
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chloride transporters in the canalicular membrane enable 
luminal transfer of potassium and chloride. OH” combines with 
COit catalyzed by carbonic anhydrase, to form HCO}", which 
diffuses into the blood (the' alkaline tide' 1 ). Stimulation results 
in a rapid increase in fluid and hydrogen ion secretion, with pH 
rapidly declining to around pH 1. The concentrations of K* 
(10 to 20 mmol/L) and CT (approximately 120 to 160 mmol/L) 

in gastric juice are higher than in plasma. 

The stomach is protected from gastric acid by a functional 
unit known as the gastric mucosal barrier (GMB).® l0 The GMB 
comprises tightly opposed epithelial cells coated with a layer 
of bicarbonate rich mucus and an abundant mucosal blood 
supply that delivers bicarbonate, oxygen, and nutrients. Local 
production of prostaglandins (PGE 2 ) is important in modulat¬ 
ing blood flow, bicarbonate secretion, and epithelial cell 
renewal. When damage occurs, epithelial cells rapidly migrate 

perficia] mucosal defects aided by the local production 
of growth factors such as EGF (epidermal growth factor). 


Argentaffin cell 


Sr 


Base 


f 




Chief ceils 




Figure 221-2 Histologic appearance of the cardiac, fundic, pyloric 

gastric mucosa. 
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is secreted as pepsinogen in response to acetylcholine and his¬ 
tamine in tandem with gastric acid. Dog gastric lipase, which 

digests fat, is secreted in response to pentagastrin, histamine, 
prostaglandin E 2r and secretin and parallels the secretion of 
gastric mucus. Although pepsin is active only at acid pH, dog 
gastric lipase remains active in the small intestine and consti¬ 
tutes up to 30% of total lipase secreted over a 3-hour periods 
Although gastric lipase and pepsin are not essential for the 
assimilation of dietary fat and protein, the entry of peptides 
and fatty acids into the small intestine likely helps to coordi¬ 
nate gastric emptying and pancreatic secretion* 

Intrinsic factor, which is necessary' lor cobalamin (vitamin Bi 2 ) 
absorption, is produced by parietal cells and cells at the base 
of antral glands in the dog but not the catT 12 The importance 
of gastric intrinsic factor secretion in dogs is questionable as the 
pancreas is the major site of secretion in both dogs and cats. 
Gastric acidity may also have an effect on the availability of 
minerals such as iron and calcium. 

Gastric Flora 

The concept of the stomach as a sterile place was completely 
dispelled by the isolation of the gastric bacterium Helicobacter 
pylori from people in 1983d 3 The stomach of dogs and cats 
also harbors a diverse spectrum of large, spiral, acid-tolerant 
Helicobacter species and a variety- of aerobes and anaerobes 


over su 




Gastric Motility 

Normal gastric motility is the result of the organized interac¬ 
tion of smooth muscle with neural and hormonal stimuli. The 
rate of gastric emptying is determined by the difference in 
pressure between the stomach and the duodenum and the 
resistance to flow across the pylorus. Liquids are expelled 

rapidly than solids and the rate of expulsion of liquids 

w-ith volume. The rate of expulsion of solids depends 

mm 






2 




more 


increases 

caloric density In dogs, digestible solids smaller than 2 

pried into the duodenum and gastric emptying is modu¬ 
lated via intestinal osmo- and chemoreceptors. Carbohydrates, 
amino acids, and especially fats retard gastric emptying. The 
release of cholecystokinin (CCK) in response to tatty and 
amino acids, such as tryptophan, is one factor that slows gastric 

are expelled from the 


on 


are em 


emptying. Large, undigestible solids 
stomach in the fasted state by phase III of the migrating motil¬ 
ity complex (MMC) in response to the release of motilin. 


Digestion and Assimilation of Nutrients 

The stomach has a limited role in the digestion of proteins, 
fats, and micronutrients. Pepsin 


which digests proteins, 
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Figure 221-3 Regulation of acid secretion. .ECL, EnterochromafTm like cell; GRP, gastrin releasing 
peptide; H 2( histamine H 2 receptor; PGE, prostaglandin E 


receptor; ACk, acetyl chi ine receptor. 
(From Simpson KW: In Dibartola, editor: Fluid therapy in small animal practice, ed 2 r Philadelphia, 


that may play a role in the development of gastritis or possi¬ 
bly cancer (see chronic gastritis), A mixed flora of aerobes and 
anaerobes (approximately 10 6 to 10 7 cfu/mL is rapidly estab¬ 
lished soon after birth in dogs, 14 and colonization with 
Helicobacter spp., which are likely acquired from the dam, has 
been documented as early as 6 weeks of age, Helicobacter spp. 
are adapted to life in an acid environment and produce 

the formation of ammonia from urea to buffer 
gastric acidity. Other bacterial species, such as Proteus , 
Streptococcus ; and Lactobacillus, cultured from the canine stom¬ 
ach, may transiently increase after a meal or eoprophagia* Acid 
secretion and gastric emptying likely regulate much of this tran¬ 
sient flora and bacteria may proliferate in the event of gastric 
acid hyposecretion due to glandular atrophy or pharmacologic 
inhibition. From a diagnostic standpoint it is important to real¬ 
ize that bacteria such as E. colt and Proteus spp produce urease 
that can lead to a false-positive test result for Helicobacter spp. 


initially focuses on historical and physical findings, with clinico- 
pathologic testing and diagnostic imaging employed in patients 
with systemic involvement or chronic signs, 

Signolment, History, and Physical Examination 

The age and breed of the patient are helpful in diagnosis of 
certain gastric disorders. Young dogs are more likely to ingest 
foreign bodies or to suffer from outflow obstruction caused by 
Pythium insidiosum , whereas gastric 

encountered in much older dogs and cats. Gastric dilatation 
and volvulus are typically encountered in giant breed or dogs 


urease 


that cataly 


is typically 


cancer 


able 


221-1 


Diseases of the Stomach 


CLINICAL SYNDROME PREDOMINANT FEATURES 


DISEASES OF THE STOMACH 


gastritis 
Ulceration or erosion 


Vomiting of sudden onset 
Vomiting, hematemesis, 
meleno, ± anemia 

Non-productive retching, abdominal 
distention, tachycardia 

Chronic vomiting of food or bile 
Acute to chronic vomiting more 
than 8 to 10 hr after feeding 
Chronic vomiting, weight 
loss. ± anemia 


Gastric disease is usually the result of inflammation, ulceration, 

ia, or obstruction and manifests clinically as vomiting, 
hematemesis, melena, retching, burping, hypersalivation, 
abdominal distension, abdominal pain, or weight loss. The 
clinical approach is simplified by considering gastric diseases 
as a group of clinical syndromes based on the combination of 
etiology, pathology, and clinical presentation (Table 221-1), 
Because a large and varied group of non-gastrit disorders 
cause similar clinical signs, a systematic approach is essential to 
determine if gastric disease 


neo 


Gastric dilatation/ 
volvulus 

Chronic gastritis 
Delayed gastric 
emptying 
Neoplasia 


can 


is the cause. The diagnostic approach 
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unconcentrated urine) and hypoadrenocorticism (Na:K <27;1} P 
and guide initial management pending more definitive testing. 

Abnormalities in complete blood count are infrequent with 
primary gastric disease. Hemoconcentration as a consequence 
of dehydration or shock frequently accompanies GDV, gastric 
perforation, or gastric obstruction. The combination of 
a hematocrit level greater than 55% and normal or decreased 
protein concentrations is encountered in dogs with hemor¬ 
rhagic gastroenteritis (see Chapter 222 ), Anemia, erythrocyte 
microcytosis, and thrombocytosis may be present in dogs with 
chronic gastric bleeding. Stomatocytosis has been described 
in Drentse patrijshond dogs with familial stomatocytosis- 
hypertrophic gastritis. Basophilic stippling of red cells suggests 
lead toxicity. 

Biochemical abnormalities in primary gastric disease are 
usually restricted to alterations in electrolytes and acid-base, 
pre-renal increases in creatinine and BUN, and occasionally 
h y p op rotein emi a. 

Vomiting of gastric and intestinal contents usually involves 
the loss of chloride, potassium, sodium and bicarbonate 
containing fluid and dehydration is variably accompanied 
by hypochloremia, hypokalemia, and hyponatremia. 351 ** 
Determination of acid-base status by measurement of total 
C0 2 or venous blood gas analysis enables the presence of 
metabolic acidosis or alkalosis to be detected. 

Metabolic acidosis is generally more common than 
metabolic alkalosis in dogs with GI disease. 3 5 Where the gastric 
outflow tract or proximal duodenum is obstructed, the loss of 
chloride may exceed that of bicarbonate, and hypochloremia, 
hypokalemia, and metabolic alkalosis occur. 15 3 " The metabolic 
alkalosis is enhanced by elevated HCtV conservation due to 
volume, and potassium and chloride depletion. 18 The net 
effect is a preferential conservation of volume at the expense 
of the extracellular pH. The renal reabsorption of almost all 
filtered bicarbonate and the exchange of sodium for hydrogen 
in the distal tubule promote an add urine pH despite an 
extracellular alkalemia ("paradoxical aciduria"), 18 ' 19 

Metabolic alkalosis in patients with gastrointestinal signs is 
not invariably associated with outflow obstruction and has 
been encountered in dogs with parvovirus enteritis and acute 
pancreatitis. 20 Diseases characterized by acid hypersecretion, 
such as gastrinoma, may also be associated with metabolic 
alkalosis and aciduria. Basal gastric acid secretion in two dogs 

with gastrin-producing tumors (1.7 and 2,7 mmol/hr/kg 
HC1) was maximal in the unstimulated state. 21 In this situa¬ 
tion hypochloremia, hypokalemia, metabolic alkalosis, and 
dehydration is likely due to the hypersecretion of gastric acid 
and its loss in vomitus. 21 Venous blood gases and plasma osmo¬ 
lality are often determined in animals suspected of ethylene 
glycol ingestion, w ith the findings of metabolic acidosis and a 
high osmolal gap (calculated by subtracting calculated from 
measured osmolality') supportive of ingestion. 

Elevated BUN in the absence of elevated creatinine may indi¬ 
cate gastric bleeding. Low albumin may be detected in basenji or 
Lundehund dogs with protein-losing gastroenteropathy, dogs 
with Pynhiosis, and dogs or cats with gastric neoplasia. Elevated 
globulin concentrations have been observed in basenji gastro¬ 
enteropathy, Pythium infection, and gastric plasmacytoma. 
Elevations in creatinine, urea, calcium, potassium, glucose, liver 

bilirubin, cholesterol, triglycerides, and globulin and 


with deep chests such as Great Danes and Irish Setters. There 

also breed predispositions to hypertrophic gastropathy 
(Drentse patrijshond, basenji, and small breed brachycephalic 
dogs, such as shift tzu), atrophic gastritis (Lundehund) and 
gastric cancer (Belgian shepherd, rough Collie, Staffordshire 

bull terrier, beagle, Lundehund), 

Vomiting is the principal clinical sign of gastric disease (see 
Table 221-1), and a major objective of the history is to distin¬ 
guish vomiting from regurgitation (active abdominal effort, 
presence of bile), and to obtain a clear picture of the vomiting 
episodes (duration, frequency, contents, color, progression, rela¬ 
tion to eating). Where vomiting cannot be adequately distin¬ 
guished from regurgitation it is important to observe "vomiting 
episodes" and the animal eating. Where regurgitation is still a 
possibility, thoracic radiographs help to detect esophageal dilata¬ 
tion or obstruction, 

A thorough review of the environment (indoor, outdoor, 

to foreign bodies, 


are 


single or multi-animal household), 
toxins or medications, vaccination status, body systems (attitude, 
mentation, presence of polyuria, polydipsia, weight loss, diarrhea, 
coughing, sneezing, exercise tolerance), past medical history, and 
physical examination helps to discriminate many non-gastric 

from gastric causes of vomiting. 

Physical examination is frequently normal in patients with 
primary gastric disease. Abdominal distension may be detected 
in those with GD/GDV or delayed gastric emptying. Abnormal 
perfusion, hydration status, temperature, respiratory rate, 
mucosal pallor, and abdominal pain often accompany diseases 
such as GD/GDV, gastric outflow obstruction, ulceration, and 

perforation. 

1 listorical and physical findings are integrated to determine 
if the patient is systemically well or unwell, and clinical signs 
acute (lasting less than 10 days), chronic, mild, or severe 
(Figure 221-4). Non-productive vomiting, retching, and abdom¬ 
inal distension in deep-chested large breed dogs are frequently 
associated with gastric dilatation/gastric dilatation and volvulus 
(GDV), which requires rapid diagnosis and treatment. 

The presence of fresh or digested blood ("coffee grounds”), 
in vomitus, with or without melena raises the possibility of 
gastric ulcers or erosions. 

Vomiting of food greater than 8 to 10 hours after ingestion 
suggests delayed gastric emptying and requires investigation 
to distinguish gastric outflow obstruction from defective gas¬ 
tric propulsion. 

Weight loss is infrequently associated w'ith gastric disease 
but can accompany cancer, fungal infections, outflow* obstruction, 
and gastropathies that are part of a more generalized disease 
process, such as basenji and Lundehund gastroenteropathy. 

If vomiting is acute and the animal is systemically w r ell, w'ith 
no historical or physical “red flags," further diagnostic testing is 
often postponed in favor of symptomatic therapy. If the animal 
is systemically unw’ell or has significant historical or physical 
abnormalities the emphasis is on efficiently identifying condi¬ 
tions that require surgical intervention, such as gastric dilatation 
and septic peritonitis, and ruling out non-gastrointestinal causes 
of vomiting, before proceeding to more specialized or invasive 
diagnostic procedures aimed at detecting primary 1 gastric and 
intestinal disorders (see Figure 221-4)* 


are 
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Cllnlcopothologic Testing 

Clinicopathofogic testing helps to differentiate primary gastro¬ 
intestinal disease form non-GI disease, and to ascertain the 
metabolic consequences of GI disease. Blood and urine samples 

should be obtained prior to treatment. 

In sick patients, the rapid evaluation of microhematocrit 
(PCV), total solids (TS), blood glucose, blood urea nitrogen, 
urine specific gravity, glucose, ketones and protein, and plasma 
concentrations of sodium and potassium help to detect 
life threatening diseases such as renal failure (azotemia and 


enzymes, 

decreases in sodium, calcium, urea, or albumin frequently 

herald non-GI causes of vomiting. 

Urine should be evaluated for specific gravity, pH, glucose, 
casts, cry stals, and bacteria. Thorough urinalysis is important; 
for example, w'hite cell casts in the urine may be the only evi¬ 
dence that pyelonephritis is the cause of vomiting and should 
not be overlooked. 

Coagulation testing is indicated in patients w'ith melena or 
hematemesis to detect underlying coagulopathies and in those 
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Systemica!!y healthy 

Acute 


Systemically unhealthy 
Chronic (>10 days) 

* Frequent or severe vomiting 

* Haem ate me sis 

* Abdominal pain 

* Abdominal distension 

* Frequent or severe diarrhea 


■ Check hydration status 
(packed cell volume [PCV] 
and total solids [TS]) 

* Detect endoparasites 

* Symptomatic therapy 

* Owner observation 


Unresponsive or 
increased severity 


H istory 


Physical examination 


Rapid initial tests 
(PCV/TS. glucose, azostick, Na+ 
K + , urine specific gravity, and 

dipstick) 


Radiographs and ultrasonography 


Drugs, toxins, dietary 
indiscretion, infectious 
disease? 


■ Localizing findings? 
* Surgical condition? 
(e.g., gastric dilation 
volvulus, (GDV) 
intussusception) 


* Evidence of gastrointestinal (Gl) or 
non-GI disease? 

* Abdominocentestis? 

* Ultrasound-guided biopsy? 


■ Dehydration 

* Electrolyte imbalance 

• Evidence of renal dysfunction? 


Clinicopathologic testing 


Complete blood count, serum 
biochemistry, urinalysis, fecal examination 

* Na:K<27:1 or lack of stress leukogram: 
adrenocorticotrophic hormone (AGTH) 

stimulation 

* Hematemesis and melaena: coagulation 
testing 

* Is infectious disease a factor? (parvo, 
feline leukemia virus [FeLV] T feline 

immunodeficiency virus [FIV]) 

* Is pancreatitis a possibility? (amylase, 
lipase, trypsinllke immunoreactivity [TLI), 
pancreatic lipase immunoreactivity [PLI]) 

* Hyperthyroidism? (total T 4 ) 

* Is intestinal disease likely? (serum 
cobaiamin and folate) 


i 


Detect diseases requiring surgery 


Detect non-GI causes of vomiting 


undefined Gl causes of vomiting 


• GDV 

• Intestinal 

obstruction 

• Intussusception 

• Splenic torsion 
or rupture 


Pneumoperitoneum 


* Dietary indiscretion 


* Endoscopy 

* Contrast radiography or scintigraphy 

* Tests of gastric secretory function 

* Exploratory laparotomy 


* Septic peritonitis 


* Drug or toxin exposure 
■ Neurologic disease 

* Metabolic or endocrine disorders 
(e,g. f uremia) 


■ Pyometra 
* Rupture bladder or 


* fntraabdomlna! non-GI disease 


(e,g. p pancreatitis) 


Figure 


221-4 Diagnostic approach to the vomiting patient. 
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Gastric Secretory Testing 

Gastric secretory testing is primarily performed in patients 
with esophagitis, gastrointestinal ulceration, mucosal hyper¬ 
trophy, or copious amounts of gastric fluid that are suspected 

of having acid hypersecretion. 

In its simplest form, fasting gastric pH and serum gastrin 
measured to determine if acid hypersecretion is likely. 
Antisecretory therapy should be discontinued for 48 hours 
prior to testing, and renal and hepatic dysfunction detected, as 
these increase circulating gastrin. The broad range ol fasting, 
unstimulated gastric pH in dogs and cats (pH 1 to 8) makes 
definitive statements regarding acid production difficult 
However, the presence of a gastric pH of less than 3 in the face 
of a high serum gastrin rules out the possibility of achlorhydria, 
or mast cell tumor, and raises the possibility of gastrinoma. 
Dogs with mast cell tumors and hyperhistaminemia induced 
acid hypersecretion have low serum gastrin concentrations 27 , 
whereas dogs with achlorhydria likely have a high gastrin, but 
a gastric pH greater than 3, 

Measurement of scrum gastrin following the intravenous 
infusion of secretin or calcium is used to further investi¬ 
gate the possibility of exogenous gastrin production by 
pancreatic tumors, gastrinomas (Zollinger-Ellison syndrome} 
(see Chapter 244). Basenji dogs with gastroenteropathy and 
diarrhea have been reported to have elevated gastrin release in 

response 


ith acute abdomen to detect DIG. Infectious diseases associated 
ith vomiting and diarrhea require fecal examination (giardia, 
doparasites, Salmonella spp,, Campylobacter spp., and par¬ 
vovirus [ELJSA] or serologic testing [Ee!V f FIV]) for diagnosis. 

Additional dinicopathologic tests are required to detect 
hypoadrenocorticism (ACTH stimulation], liver dysfunction 
(pre- and post-prandial bile acids), hyperthyroidism in cats 
£T 4 ), pancreatitis (amylase, lipase [pancreas-specific where 
possible], and trypsin-like immunoreactivity), and intestinal 
disease (serum cobalamin and folate). 


Vv 
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Abdominal radiography is the test of choice for the initial 
evaluation of gastric disease, vomiting, and abdominal pain. 
Survey radiographs provide information on gastric position 
and contents that help to diagnose gastric distension/GDV, 
foreign bodies, and gastric outflow obstruction* They also 
enable the evaluation of the size and shape of the liver, 
kidneys, and spleen and detection of intussusception, peritoni¬ 
tis, pneumoperitoneum, and changes suggestive of pancreatitis. 

Contrast radiographs may provide further information 
when survey radiographs are inconclusive. However, the com¬ 
bination of ultrasonography and endoscopy is generally more 
effective for detecting obstructive, inflammatory, and neoplastic 
G1 disorders than contrast radiographic procedures, and con¬ 
trast radiography is often restricted to the investigation of 
delayed gastric emptying associated with defective propulsion 
functional" intestinal disorders. 22 Ultrasonography can be 
employed to evaluate gastric wall thickness and gastric emptying, 
hut its major value is usually the detection of non-gastric lesions 

in those with signs of GI disease. 

When ultrasound and endoscopy are not available, disten¬ 
sion of the stomach with air (negative contrast) may reveal 
gastric thickening, masses, or foreign bodies. Positive contrast 
with barium sulfate can provide further information and is 
also used to evaluate patency of the gastric outflow tract The 
combination of fluoroscopy and positive contrast is helpful for 
evaluating pyloric patency and gastric emptying. In the absence 
of endoscopy and ultrasonography contrast radiographic 
procedures can be followed up with surgical biopsy to achieve 
a definitive diagnosis. 

Endoscopy 

Endoscopy enables direct visualization and biopsy of the 
stomach and duodenum and is the best way of diagnosing pri¬ 
mary gastric inflammation, ulceration, or neoplasia; removing 
small foreign bodies; and evaluating patients prior to quantifi¬ 
cation of gastric emptying. It does not provide good informa¬ 
tion on submucosal lesions or functional diseases. With mural 
thickening or gastric masses, endoscopic biopsies are frequently 
too superficial and surgical biopsy is required for accurate 
diagnosis. Further information on equipment and techniques 
and photographs of a wide range of gastrointestinal lesions 
and can be found in endoscopic atlases. 23 - 24 

Evaluation of Gastric Emptying 

Procedures used to evaluate delayed gastric emptying include 
barium contrast (liquid or mixed with food), barium- 
impregnated polyspheres (BIPs), nuclear scintigraphy, and the 
13 C-octanoate breath test 25 - 26 Tests of gastric emptying are 
often used to confirm a suspicion of delayed gastric emptying 
in patients with normal or equivocal survey radiographs. They 
also used where gastric outflow obstruction and obvious 
of defective propulsion have been ruled out prior to and 
after prokinetic drugs. The limitations and benefits of these 
approaches are discussed under Delayed Gastric Emptying and 
Motility Disorders 


to secretin stimulation, without evidence of gastri- 
Provocative testing of gastric acid secretion with penta- 


28 


noma. 

gastrin or bombesin stimulation may be performed to detect 
achlorhydria in patients with atrophic gastritis, or elevated 

gastrin and gastric pH levels higher than 3, and in those 
with idiopathic small intestinal bacterial overgrowth to deter¬ 
mine if achlorhydia is a contributing factor. Pentagastrin stim¬ 
ulated acid secretion in dogs reaches a peak of 28 mL/kg 75 /hr, 

4.1 mmol HCl/kg 75 /hr, 0,34 mmol KVkg° 7 Vhr and 0,09 Na+ 

m m o l/kg° 7 Vhr. ** Sedation with oxymorphone and acepro- 

alternative to anaesthesia for secretion studies in 


serum 


or 


rrtazme is an 

dogs. 314 In cats, acid output (mean±SD) in response to penta¬ 
gastrin (8 pg/kg/br) ranges from pH 0.9 to 1.1, with secretion 
rates (median values) of 1.2 mmol/15 min to 1,4 + .5 mmol/15 

min in conscious cats and 1.2 (0,6 to 2,7) mmol/kg 7 -/hr in 
anesthetized cats. 29 




ACUTE GASTRITIS 






Acute gastritis is the term applied to the syndrome of vomit¬ 
ing of sudden onset presumed to be due to a gastric mucosal 
insult or inflammation (Box 221-1). In most patients the 
cause is inferred from the history, such as dietary indiscretion, 
the diagnosis Is rarely confirmed by biopsy, and treatment 
is symptomatic and supportive. Animals with acute gastritis 












3 






221-1 


Box 

Causes of Acute Gastritis 


Dietary indiscretion or intolerance (non-allergic and allergic) 
Foreign bodies, e,g, t bones, toys, hairballs 
Drugs and toxins, e.g., NSAlDs, corticosteroids, heavy 
metals, antibiotics, plants, cleaners, bleach 
Systemic disease, e.g., uremia, liver disease, 
hy poad reno co rt i ci sm 

Parasitic, e g., Oilulanus, Physalloptera spp. 

Bacterial, e.g., bacterial toxins, ^Helicobacter 
Possibly viral 


are 


causes 
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associated with drug toxicity, foreign body ingestion, or meta¬ 
bolic disorders frequently present with hem at ernes is, melena, 
concurrent diarrhea, or other signs of systemic illness and 
require a more thorough diagnostic approach to determine 
the cause (as discussed above) and to provide optimal care. 
This author has found little evidence in the literature to sup¬ 
port the role of viral infections such as parvovirus, distemper, 
or infectious canine hepatitis in acute gastritis. 


Table 


Association of Gils trie Ulceration and Erosion 
with Specific Diseases 


GASTRIC PROBLEM 


RELATED DISEASES 


Mete bolic/E n datrine 


Hypoadrenocorticism, uremia, 
liver disease* mastocytosis* d.Lc, 
Hypergastrinemia and other 

APUDomos 

Gastritis 

Leiomyoma, adenocarcinoma* 
lymphosarcoma 
Nonsteroidal and steroidal 

anti-inflammatories 

Shock, sepsis 

Stress, spinal surgery, exercise 
induced (sled dogs) 


Clinical Findings 

Vomiting of sudden onset is the principal clinical sign. In 
instances it is accompanied by hematemesis or melena and a 
variable degree of systemic abnormality. The history may reveal 
access or ingestion of spoiled food, garbage, toxins, medica¬ 
tions, or foreign bodies. Signs of toxicity may he evident, such 
as jaundice and pallor with zinc ingestion, salivation or defeca¬ 
tion with organophosphates toxicity or mushroom ingestion, 
or salivation and oral ulceration with chemical ingestion. 


so m e 


I n fl omm ate ry 

Neoplastic 


Drug-induced 


Hypotension 

Idiopathic 


Diagnosis 

A diagnosis of acute gastritis is usually based on clinical findings 
and the response to symptomatic treatment. A specific diag¬ 
nosis may be sought if the patient has access to foreign objects 
or toxins, is system ically unwell, or has hematemesis, melena, 
or vomiting that fails to respond to symptomatic therapy, or 
other signs of more serious disease i see above)* Laboratory 
testing in most animals with primary acute gastritis reflects 
mild dehydration, and is often not performed in the absence 
of a suspicion of more serious disease. Abdominal radiographs 
can be taken to detect foreign objects or gastrointestinal 
obstruction* Further diagnostics such as ultrasonography and 
endoscopy are rarely indicated as most animals with simple 
gastritis respond to symptomatic therapy. 


signs of gastric erosion or ulceration (melena/hematemesis) 
persistent gastritis as described below. 

The author generally avoids anti-emetics in patients with 
acute gastritis to enable response to therapy to he ascertained. 
Patients who continue to vomit require further investigation. 

Prognosis 

The prognosis for uncomplicated acute gastritis is usually 
complete recovery* 


or 


Treatment 

Therapy for uncomplicated acute gastritis is symptomatic and 
supportive and includes fluids, dietary restriction and modifi¬ 
cation, mucosal protectants or adsorbents, and possibly antacids. 

Fluid Therapy 

Small amounts of oral fluids, given little and often, can be 
given in the face of vomiting, with the volume increasing as 

vomiting subsides* Subcutaneous administration of an isotonic 
balanced electrolyte solution may be sufficient to correct mild 
fluid deficits (<5%) but is insufficient for patients with mod¬ 
erate to severe dehydration. Patients 

fluids should undergo 

Dietary Restriction and Modification 

Where vomiting is acute, oral intake is discontinued for at 
least 24 hours. Small amounts of a liquid diet can be offered 
in the face of vomiting to maintain G1 barrier function and 
determine if vomiting has resolved, A bland diet (non-spicy, 
fat restricted), either homemade (e.g,, boiled chicken and rice, 
low-fat cottage cheese, and rice [1:3]) or commercial (usually 
fat restricted and rice based), is then introduced (fed little and 

often) with a gradual transition made back to a normal diet 
over a week or so. 


GASTRIC EROSION AND ULCERATION 


Gastric erosions and ulcers are associated with a number of 
primary gastric and nan-gastric disorders (Table 221-2). 

Clinical signs range in duration and severity, from acute to 
chronic and mild to life threatening. The pa thorn ech an isms 
underlying gastric damage can be broadly attributed to impair¬ 
ment of the gastric mucosa) harrier (defined above) through 
direct injury, interference with gastroprotective prostaglandins 

(PGE 2 ), mucous or bicarbonate, decreased blood flow, and 
hypersecretion or gastric acid. 

Perhaps the most predictable recipe for gastric 

the combination of a non-steroidal anti-inflammatory and 

glucocorticoid, either alone, or in combination with interver¬ 
tebral disk disease. 30 


requiring intravenous 
more extensive diagnostic evaluation. 


erosion is 


a 


Nonsteroidal anti-inflammatory drugs 
mucosal damage and interfere with prostaglandin synthesis, 
Flunixin meglumine, aspirin, and ibuprofen have all been 
dated with erosions in healthy dogs. To circumvent toxicity 
caused by the inhibition of "friendly prostaglandins" iPGE 2 ), 
drugs that preferentially block 'inducible" cyclooxygenase 
(COX-2) have been developed. These COX-2 selective agents, 

such as carprofen, meloxicam, derccoxib, and potentially 
etodolac, are less ulcerogenic in normal dogs. 3132 However, even 
COX-2 selective drugs such as meloxicam are ulcerogenic i 
combination with dexamethasone, 33 and their safety in sick 
animals remains to be determined. 

High doses of glucocorticoids alone, such as dexametha¬ 
sone and methylprednisolone, have also been associated with 
gastric erosions 3 ' 1 but the mechanisms by wdiich they induce 
damage are not clear. Unlike NSAJDs, their effects 
ameliorated by PGE 2 analogs, 35 

Hypersecretion of gastric acid in response to histamine 

release from mast cell tumors, and gastrin from gastrinomas 

has also been clearly implicated as a cause of gastroduodenal 
ulceration and 


cause direct 


to 


asso- 


m 


Pro tecta nts/A dso rbents 

Bismuth-subsalicylate, kaolin-pectin, activated charcoal and 

magnesium, aluminum- and barium-containing products 

often administered in acute vomiting or diarrhea to bind bacteria 

and their toxins and to coat the gastrointestinal mucosa. These 

agents are probably safer and more efficacious than antibiotics 

or motility modifiers in acute gastroenteritis. Pep to bismol 

(1 mL/5 kg PO T1D), bismuth subcitrate, kaolin-pectin (1 

2 ml./kg POTID) and sucralfate (0.2S to 1 g POTID) are often 

employed* Acid-reducing drugs such as H 2 -receptor antagonists 
can be administered foil 


are 


are not 


to 


suallv reserved for patients with 


esophagitis in dogs and cat? 


a re 
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also identify electrolyte and acid base abnormalities associated 
ith vomiting and Cl ulceration. The presence ot a metabolic 
alkalosis, hypochloremic hypokalemia, and acid urine is con¬ 
sistent with upper GI obstruction (physical or functional) 
hypersecretory state. Testing should he performed to detect 
abnormalities in primary and secondary hemostasis that may 
be associated with Gl bleeding. Serum gastrin and potentially 
histamine concentrations can be evaluated where acid hyper¬ 
secretion is suspected as 


Renal failure, hepatic failure, hypoadrenocorticism, and 
hypotension are Frequently proposed as risk factors for gastric 

ulceration, although few details have been published 
on the pathogenesis, frequency, or severity of gastric damage 
in these conditions. In a recent study of dogs with renal failure, 
ulceration was present in only I of 28 dogs. The predominant 
findings in these dogs were mucosal edema, va sculopathy, and 
mineralization that correlated to the degree of azotemia and 

calcium phosphorous product. 

Sled dogs in tire Iditarod are prone to develop gastric erosions 

and/or ulcersT 7 This Ending is similar to exercising humans 
and horses in whom the pathogensis is not understood but is 

responsive to acid suppression. 

Erosions and ulcers are also a sequela ol gastric cancer and 

gastritis and are discussed elsewhere in this chapter. 


w 


erosion or 


or 


a 


a cause of ulceration. 


Mi 


Diagnosis 

Diagnostic imaging 

Plain radiographs are not usually helpful in diagnosing gastric 

ulcers but may help to rule out other causes of 
vomiting, such as foreign bodies, peritonitis, and gastric perfo¬ 
ration, Contrast radiographs may reveal filling defects but do 
not allow detailed mucosal evaluation or sampling, 

be performed to evaluate the gastric 

■ all for thickening associated with ulcers and masses and also 
helps to rule out nan-gastric causes of vomiting.The information 
provided by radiography and ultrasound is complementary to 
endoscopic evaluation, which is the diagnostic test of choice 

(Figure 221-6). 

Endoscopy allows the direct evaluation of gastric damage and 
mucosal sampling. NSAIDissociated ulcers tend to be found in 
th e a n tru m and a re no t usually associated w i th m a rked mucosa! 

thickening or irregular edges (Figure 221-5). This contrasts with 
ulcerated tumors that frequently have thickened edges and sur¬ 
rounding mucosa (Figure 221-17, A), Ulcers should be biopsied 
at the periphery to avoid perforation. Endoscopic biopsies are not 
ideal for diagnosing infiltrative gastric tumors and several biopsies 
from the same site are usually taken to enable sampling of deeper 

Endoscopic guided fine-needle aspirates, with use of a 
needle and tubing in the biopsy channel, can also be used to 
sample deep lesions. Even with this approach die diagnosis may 
be missed, and surgical biopsy required for a definitive diagnosis. 
The combination of mucosal erosion or ulceration, antral 
mucosal hypertrophy, copious gastric juice, and esophagi- 

a gastric hypersecretory state 


erosions or 


Clinical Findings 

Vomiting, hem at emesis, and melon a may be present in patients 

ulcers. Pale mucous membranes, 
inappetance, hypersalivation 

as a consequence of 


Ultrasonography can 


with gastric erosions or 
abdominal pain, weakness, 

(potentially associated with esophagitis 
gastric acid hypersecretion), anti evidence of circulatory com- 
p rom i se a re m ore va ri ably p resen t. A c c es s to tox ins and drugs, 
particularly NSAIDs, should be determined, 

Clmicopathologic testing is directed at identifying diseases 
associated with gastric erosions and ulcers (see Table 221-2 i 
nd the consequences of erasion/ulceration. The CBC may 
reveal anemia that is initially regenerative but can progress to 
become microcytic, hypochromic, and minimally regenera¬ 
tive. When accompanied by thrombocytosis and decreased 
iron saturation or low serum ferritin, these findings are char¬ 
acteristic of chronic bleeding and iron deficiency. Lack of a 
stress leukogram and eosiniphilia in dogs is supportive of 
hypoadrenocorticism. Eosinophilia could also be consistent 
with dietary allergy, eosinophilic gastroenteritis, mastocytosis, 
or a hyperseosinophi 1 ic syndrome. A neutrophilic leukocytosis 
and a left shift may indicate inflammation or possible gastric 
perforation. Examination of a huffy coat smear may help to 
detect mastocytosis. 

Biochemistry and urinalysis may reveal findings consistent 

with dehydration (azotemia and hypersthenuria), renal failure 
(e.g., azotemia and isosthenuria), hepatic disease (e.g., increased 
liver enzymes or bilirubin; decreased cholesterol, albumin, 
BUN), or hypoadrenocorticism (Le., Na + :K + ratio <27:1). It will 


w 


a 


tissue. 


tis is highly suggestive of 
(Figure 221-7). It is prudent to measure gastric pH and 
serum gastrin in patients with gastric erosion/ulcer a tion that 
is not associated with drugs or gastric tumors. Dogs with mast 
cell tumors and hyperhistammcmia-induced acid hyper¬ 
secretion have low serum gastrin concentrations, 38 Finding a 








I 


12:46:26 


01/17/90 




f 




r 


j 






'■T/i 


i 


kp?f» 


■V >+#.? /<V* ... 


r 




V, 


■ ■ 


I 




■XvI.IVKvMo 


I 


1 


Ssfir :■ t ■ i,d 

, •• v. 

s - { 'it 

... 

Iri >>.*■- t\ l 
v* •* 

. W* ‘ ■ 

•r • *, 

ST?; 




i 


k 


■- 


* 


■ 


V 






V 


% 


ni 






& * •yXji 


* 




> 




¥ . 


r 


m: 


Cf 


V 


V. 




■V 


t 

■ k. Li 




m 






•« 


PLs• _■ 

.WV . 

* ... * P.V J.' . ; ... - 

sil 

• -K , 






n 




e « 




-■v 




f. 


















pj 










Harwood 


■- 








m 


if, - 


k r .v ■ 


■■v 


■s 






1 


■ ■ ■ 


’4 


Sxf-3 


£ 




- ■ 


•p 


m 


mmi 




ij 








■v- 




v 


r 


•Vj 


X-. 


ft. 


■ • 


.■ 






r - 


y » 


■■ 




■+ 


: 






S : : j " ■ ' 




. : •> 


t 




j 






■A 


m 


% 




? 


2SP 






I 


StX C 




5 


T ' 


# 




■v 


.v 


F 




a 


■ i 






* 


» 


i 






V v 




LT.W 


r 




Kv 




atH 




i 






:*v‘-- v v 


V. 


V, 






■ • ■ 


■ 




: v 


t,* 




*HI 


■>.-> 


At 


& 


m 






« X 




I 




W 




V 


ti 


< 


• ■ 


V 










V 




a 


if- 














k 






FS 2yrs 

07/01/07 






r 












>• < 




■ra! 


■i 


... 






•j 




•V 


1 


FS 2yrs 

07/01/87 


%■* 






h 












.* 




I 






I 


! T»V« . :4wpB 




fm 




[I I 






- tt y 




T 


V 


I 












•4 






v 








I'MvSm 




••• 

SMS :: 






V 


•• 




q. 




1 


* 


1 >.v 




IkJ - 






> 


7 


•«V| 




»1£1 






■■V? 






■ : 


I; 


> ■ 




r 


-w 


o 


t.; 






. . :4 


:=■ 


■r; 


A 




V' 


•V 






•* 










V 


i| 








f 1 

1 




I 




K- 






v 




■ 


’ : 


fQOL 


*. 


-V 






1 


■>. 






-Wj 










■■ 


m 




m 




m 




-V- 


* 








1 




■ 




4 


r. 


v. 






! 


« 


m 






• • 


Ml 
















V 




- 


I 








v 


V. 


£• 


L 












1 » 




■A 


reual 

gastric 

ulcer 








B 


a 










fiS? 


l 


vomiting 
bloodclots 
sometimes 




V 


. 


S' 








■* 


■, 


7 


i 




i 


■ 


I 


j 






■ ■ 


' ' IT' 




'4 


■"■s 






«v. 


V 


■X-.-.TT 




r. 




?;■■■ ^ —* 

fex.- f. k 




X 


TT-Jv * 










*. 


$4 


C. 


i?;V » 


■ 


»■ 


(•J 




ft 4 


V. 




> 


J 




■X 






■:4i 


V 


v 


■. 


w*3Sm? 

MS; m e .v. 








i 


,v 




2. 


% 




f 


t 


V- 


-1 




m 


> 






H 


% 






k 






r 








■ 


-• ■* 


J p. 


s 




• ■. 


i 


\ 








p 




!■ 










V. 


mm 




\ 




- 


. - 


*. 


f 1 * 




% 




k 


- 




-'7 


■A 


V 






V 






*. 






r 




vv 


WCT- 




V. 


■- 




V 


A 


■ ■ 


V 


« 


T* 




-3* 






1 * i«?T 
• ( <vi >>>. • 

. , *> 
KSS.^ 








4 t r k 


• * 


■\ i ir 


V.sti 




> 4 






V. 


i®w; ^ 






’ !■ 




■■ 




s*: 




A 


I 


++: 


I 


/ 


s 






■■ 




■A 


V 


B 




. , ^ r l 
• • . TjljA 

1 . , 


: mm 


> -V, 








P^SIk v. 




■xM 








Vw :x- 

T Tv 


y 


set 


. 




: 4 


A 


■ 




VSmSL'.- 


v A- . 

HhV V 

m 




■ 


• : v V \. 

4^4 •:> 


j 


r>: 


•'. “y-Sbii -frljk WvW: 










It COPY 36 






VTR U. DISC 


VTR U. DISC 


■ 


H5 


i 




Ji J J jf 


B 


A 


sod by ibuprofen ingestion before and after (1 week) treat- 


Figure 221-5 Gastric ulceration cau 

ith cimetidine and sucralfate. (Images courtesy of The Ohio State University.) 
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Figure 221-6 A, A 


mass projecting into the lumen of the stomach of a dog presented for 

vomiting and hyperglobulin e mi a (IgA), B, Presence of the mass is confirmed, enabling a biopsy 
diagnosis of gastric plasmacytoma. 


combination of gastric pH less than 3 and a high 


0.9% NaCl) at 


rate that will provide maintenance and 
replace both deficits and ongoing losses over a 24-hour period. 
Potassium depletion 

vomiting or anorexia, and most poly ionic replacement fluids 
contain only small amounts of potassium. Therefore KC! is 
added to parenteral fluids on the basis of serum levels. 

Patients with signs of shock require more aggressive support. 
The volume deficit can be replaced with crystalloids at an initial 
rate of 60 to 90 mL/kg/h, then tailored to maintain tissue perfu¬ 
sion and hydration. Colloid solutions can also be used to treat ani¬ 
mals in shock to reduce the amount of crystalloid required (eg 
H eta starch, hemaccel at 10 to 20 mLAg IV over 4 to 6 hours). 
Plasma colloids, packed cells, or whole blood is occasionally 
required to treat severe hypoproteinemta or anemia, which 
develop in vomiting animals with severe ulceration or HGE. 

Central venous pressure monitoring and evaluation of 
urine output are necessary in patients with severe G1 disease, 
particularly those complicated by third space losses of fluid 
into the gut or peritoneum. 

The effect of vomiting on acid-base balance is hard to predict 
and therapeutic intervention to correct acid-base imbalances 
should be based on blood gas determination. Where 
metabolic addosis is present (pH <7,1, HCG 3 - <10 mmol/L), 
sodium bicarbonate (1 mmol/kg) can be given under careful 
supervision for the development of worsening hypokalemia, 
and hypocalcemia, and CSF acidosis. Further bicarbonate 
plementarion is based on repeated blood gas analysis. Metabolic 
alkalosis usually responds to replacing volume deficit, chloride, 
and potassium with IV 0.9% NaCl + KCh Diagnostic investi¬ 
gations should initially center on ruling out upper GI obstruc¬ 
tion, The administration of anti-secretory drugs such 
antagonists may help to limit Cl’-efflux into gastric juice, 


serum gas- 

con cent ration prompts further investigation of gastri¬ 
noma by secretin stimulation test, ultrasonography (liver and 
pancreas), and pentertreotide scintigraphy. 


a 


- 


is often a consequence of prolonged 




Treatment 


Treatment of gastric erosions and ulcers is directed at the under¬ 
lying cause, w hich ensures adequate hydration and perfusion, 
including blood transfusion if needed, and restoring electrolyte 
and acid base disturbances. Additional support is directed at 
shoring up the gastric mucosal barrier by enhancing mucosal 
protection and cytoprotection, and decreasing gastric acid 
secretion. Where vomiting is persistent, antiemetics may help 
to reduce fluid loss, discomfort, and die risk of esophagitis. 


fc p 


can 


Fluid Therapy 

The rate of fluid administration depends 
absence of shock, the degree of dehydration, and the 
of diseases (e.g., cardiac or renal) 




presence nr 
presence 

, w hich predispose to volume 
overload. Patients with a history of vomiting who 

dehydrated are usually responsive to crysta 11 oids (e.g., LRS 


mildly 


are 


or 


severe 


sup- 






MC MinPoo 




as H 


k 1 




2 








* 


¥ 








R educing Acid Secretio n and Pro viding 
Mucosal Protection 

Pharmacologic Inhibition of acid secretion (see Figure 221-3) 
can be effected by blocking H-. (cimetidine, ranitidine, famoti¬ 
dine), gastrin (proglumide), and acetylcholine (atropine 
pirenzipine) receptors, and by inhibiting adenyl cyclase (PGE 
analogs] and H?/K + ATPase 1 e.g., omeprazole).Long-acting 
somatostatin analogs such as octreotide directly decrease the 
secretion of gastrin and gastric acid. 

Decreasing gastric acid secretion with an H 2 receptor antago¬ 
nist has been shown to promote mucosal healing in dogs with 
a variety oi experimentally induced ulcers and erosions (see 


chronic 

vomiting 
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Figure 221-7 G astric erosion and mucosal hypertophv 
wi th gastrinoma- (Courtesy of The Ohio State University.) 
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Figure 221-5). Famotidine is an attractive choice as it does not 
inhibit P45G enzymes and can be given once daily. The addi¬ 
tional prokinetic activity of ranitidine or nizatidine (mediated 
by anticholinesterase activity) may make them good choices 
in the face ol delayed gastric emptying associated with defec- 
Live propulsion. 25 In patients with severe or persistent gastric 
ulceration that is refractory to hh antagonists, more complete 

inhibition of gastric acid secretion can be achieved with a 
HVK + -ATPasc inhibitor such as omeprazole (0.2 to 0.7 mg/kg 
SID PO—dogs). Omeprazole is the initial drug of choice in 
patients w ith acid hypersecretion secondary to r ast cell tumors 
and gastrinoma (Zollinger-Ellison syndrome). Omeprazole has 
been shown to have few long-term side effects in dogs, but it 
should be used with caution in patients with liver disease and 
reviewed for interactions with drugs such as cisapride. 

In sled dogs with exercise-associated gastric hemorrhage 
treatment with omeprazole significantly reduced mean gastric 
severity score compared to placebo but also was associated with 
increased frequency of diarrhea (omeprazole 54%, placebo 
21%) 7 7 The authors recommended further Investigation of 
diarrhea associated with omeprazole treatment before omepra¬ 
zole can be recommended for routine prophylactic treatment 
in these athletes. 37 

The combination of omeprazole and the long acting 
somatostatin analog Octreotide effectively reduced vomiting 
In a dog with gastrinoma (Octreotide 2 to 20 pg/kg SC 
T1D), 4U Octreotide can also be employed to rapidly decrease 
gastric acid secretion in patients discovered to have large 
ulcers at endoscopy and may also be useful for controlling gas¬ 
tric bleeding (see human studies). 

Mucosal Protectants 

The PGE: analog, misoprostol, protects against NSA1D- 
induced erosions in dogs at doses that do not inhibit acid 
secretion (3 to 5 pg/kg POTID in dogs) and may be given to 
dogs receiving chronic NSAlDs for arthritis . 4142 The main side 
effect of misoprostol is diarrhea and it should not be given to 
pregnant animals. 

The mucosal protectant polyaluminum sucrose sulfate 
(sucralfate) binds to areas denuded of mucosal epithelium 
regardless of the underlying cause and is useful for treating 
gastric erosions and ulcers and esophagitis. Sucralfate can be 
given to patients receiving injectable antacids, but it may 
compromise absorption of other oral medications and is prob¬ 
ably best separated from these by 2 hours or so. 

In contrast to the efficacy of misoprostol and H 2 antagonists 
in preventing NS A ID-induced erosions, the prophylactic admin¬ 
istration of various combinations of misoprostol, cimeiidine, and 
omeprazole has not been shown to prevent gastric erosions in 
dogs with or without intervertebral disk disease receiving high- 
dose glucocorticoids. 34 - 43 44 However, these drugs may speed 
healing of gastric lesions in these patients. Sucralfate is probably 
the drug of choice for treating G1 ulceration in patients receiv¬ 
ing high doses of corticosteroids because it is not dependent on 
the premise that acid is causing or delaying healing. 

Mast cell tumors are also worth considering separately as 
gastric ulceration is a frequent and severe complication. Mast 
cell tumors are thought to cause vomiting via the central 
effects of histamine cm the CRTZ and the peripheral effects 

of histamine on gastric acid secretion (with resultant hyper¬ 
acidity and ulceration),Treatment of mastocyosis with H ( and 
V\, histamine antagonists (e.g., diphenhydramine and famotidine) 
should reduce the central and peripheral effects of histamine. 
Corticosteroids are used to decrease tumor burden. Where 
acid hypersecretion is present, or is suspected, it is likely best 
managed with proton pump inhibitors (e.g ., omeprazole 0.2 to 
0.7 mg/kg SID). Somatostatin analogs may also be useful for 
controlling refractory gastric acid hypersecretion (Octreotide 

2 to 20 pg/kg SC T1D) - 1 


Antiemetics 

Antiemetics can be used where vomiting is severe or compro¬ 
mising fluid and electrolyte balance, or causing discomfort. 3 -* 
'Hie initial agent used in dogs is usually metoclopramide, which 
antagonizes D 2 -dopaminergic and 5HT3-serotonergic receptors 
and has cholinergic effects on smooth muscle (1 mg/kg/24h 
CR1 IV). Phenothiazine derivatives such as chlorpromazine 
and prochlorperazine are antagons of oq and a 2 _:1 ^ rener gi c - Hj- 
and hh-histaminergic; and D 2 -dopaminergic receptors in the 
vomiting center and CRTZ and are used if metoclopramide is 
ineffective and the patient is normotensive. Nonselective 
cholinergic receptor antagonists (other than the Mj specific 
antagonist- pirenzipine) such as atropine, scopolamine, 
aminopentamide, and isopropamide are generally avoided as 
they may cause ileus, delayed gastric emptying, and dry mouth. 

Antibiotics and Analgesia 

Prophylactic antibiotic cover (eg,, cephalosporins, ampicillm) 
may be warranted in animah with shock and major G1 harrier 

dysfunction. Leukopenia, neutrophilia, fever, and bloody 
stools are additional indications for prophylactic antibiotics in 
animals with vomiting or diarrhea. Initial choices in these sit¬ 
uations include ampicillin or a cephalosporin (effective 
against gram-positive and some gram-negative and anaerobic 
bacteria), which can be combined with an aminoglycoside 
(effective against gram-negative aerobes) when sepsis is pre¬ 
sent and hydration status is adequate. Enxofloxadn is a suit¬ 
able alternative to an aminoglycoside in skeletally mature 
patients at risk of nephrotoxicity from an aminoglycoside. 

Analgesia can be provided using opioids like buprenor- 
phine (0.0075 to 0,01 mg/kg IM). 

Surgery may be required when the cause of ulceration is 
unclear or to resect large non-healing ulcers or those about to 

perforate. 


GASTRIC DILATATION AND VOLVULUS 
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Gastric dilatation and gastric dilatation and volvulus are charac¬ 
terized by the dramatic distension of the stomach with air. With 
volvulus the stomach twists about its axis, moving dor sally and 
left of the fundus* Both dilatation and dilatation and volvulus 
cause caudal cava) obstruction and impair venous return to the 
heart. This results in hypovolemic shock that can be exacerbated 
by devitailization of the gastric wall, splenic torsion or avulsion, 
congestion of the abdominal viscera, en do toxic shock, and DIG 

No single cause of gastric dilatation (GD) or dilatation and 
volvulus (GDV) has been identified. Large breed dogs with 
deep chests such as akita, bloodhound, collie, great Dane, Irish 
setter, Irish wolfhound, Newfoundland, Rottweiler, Saint 
Bernard, standard poodle, and Weimaraner are at greater risk. 
Cumulative incidence of GDV has been estimated at 6% for 
large breed and giant breed dogs. The lifetime risk is influ¬ 
enced by breed, ranging from of 3,9% for Rottweilers to 39% 

in great Danes. 4 * In large breed and giant dogs, factors signifi¬ 
cantly associated w r ith an increased risk of GDV include 
increasing age, having a first-degree relative with a history of 
GDV, having a faster speed of eating, once daily feeding, and 
having a raised feeding bowl and aerophagia. 4 ^' 4 The person¬ 
ality of the dogs may also have an impact, with happier dogs 

having a decreased incidence. 

Analysis oF gastric gas supports acrophagia as the cause of 
distension, with dilatation explained by an inability to eruc¬ 
tate or empty air into the intestines. Studies in dogs with 
GDV recovering from gastropexy suggest that abnormal elec¬ 
trical activity and gastric emptying may be related to the 
development of gastric dilatation. 4 - > The interrelationship of 
volvulus and gastric distension is unclear, although the length 
of the hepatogastric ligament may facilitate torsion. 
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Clinicopathologic Findings 

Hematologic changes arc often restricted to an increase In hema¬ 
tocrit. A variety of acid-base and electrolyte disturbances have 
been observed in dogs with GDV. 50 ' 51 Metabolic acidosis and 
hypokalemia were the most common abnormalities in one study 
and occurred in 15 out of 57 and 16 out of 57 dogs, respec¬ 
tively.' 1 ' Metabolic acidosis is likely due to tissue hypo-perfusion, 
anaerobic metabolism, and the accumulation of lactic acid. 50 
Metabolic alkalosis may also occur and may be related to the 
sequestration of gastric acid or vomiting. 50 

Respiratory acidosis and alkalosis have been variably 
observed and reflect hypoventilation or hyperventilation, 
respectively. The variable nature of acid-base and electrolyte 
abnormalities in dogs with GDV indicates that fluid therapy 
should be individualized on the basis of blood gas and elec¬ 
trolyte measurements. Monitoring and correction of acid-base 
abnormalities are important because they may predispose to 
cardiac arrythmias and muscle weakness. 

Coagulation abnormalities are usually consistent with 
disseminated intravascular coagulopathy (thrombocytopenia, 
increased D-dimer or FDPs, reduced ATI If, prolongation of 

the APTT). 

Trea tment 

Fluid support and gastric decompression are the most important 
emergency treatments. 


* 


Figure 221-8 Survey radiograph of gastric dilatation (R lateral). 
The fundus is distended with air. 


Diagnostic Features 

A history of non-productive retching, salivation, abdominal 
distention, weakness, or collapse raises the possibility of 
gastric dilatation or volvulus, particularly in large breed and 
deep-chested dogs. Physical findings usually include abdominal 
distension and tympany, tachycardia, and mucosal pallor. 
Hypothermia, depression, and coma may be seen when shock 
is severe. Cardiac arrythmias such as ventricular premature 
beats or ventricular tachycardia may be detected on the initial 
examination or develop up to 72 hours after presentation. 

Radiography is usually performed after fluid support and 
decompression and helps to distinguish simple dilatation from 
dilatation and volvulus. Right and left lateral recumbent views 
are usually acquired. Dilatation is associated with gas disten¬ 
sion and on a right lateral position air is present in the fundus 
(Figure 221-8). With volvulus the pylorus moves dorally and 
left and the stomach is compartmentalized. On a right lateral 
radiograph the lundus is viewed as a large ventral compart¬ 
ment With the smaller, gas-filled pylorus located dorsally and 
separated from the fundus by a band of soft tissue, forming 
the ' the Popeye's arm" sign (Figure 221-9). Loss of abdominal 
contrast may indicate gastric rupture or bleeding from avulsed 
splenic vessels, whereas increased contrast due to 
peritoneum suggests gastric rupture. 


Fluid Support 


Fluid therapy has traditionally consisted of shock doses of LRS 
(60 to 90 mL/kg/h) given via large-bore catheters into the 
cephalic or jugular veins. Experimental studies that have 

compared crystalloids (60 mL/kg, followed by 0,9% NaCl 
20 mL/kg/h) with hypertonic saline (7% NaCl in 6% dextran, 
5 mL/kg, followed by 0.9% NaCl 20 mL/kg/h) in dogs with 
GDV-induced shock, indicate that hypertonic saline maintains 
better myocardial performance, higher heart rate, and lower 
systemic vascular resistance than crystalloid. 52 The resusdta- 
tive dose of hypertonic saline was delivered in 5 to 10 minutes 
versus an hour for cystalloid. Fluid therapy should be aggres¬ 
sively monitored by frequent measurement of blood pressure, 
heart rate, PCV, and total solids and urine output. Potassium 
and bicarbonate are best administered on the basis of blood 
gas and electrolyte measurements. Hypokalemia is common 
after fluid therapy and 30 to 40 mEq KC 1/L should be added 
to fluids after the initial shock dose. 


% 


pneumo- 


Gastric Decompression 
Decompression can 
with a well-lubricated stomach tube, or a 16-g catheter can 
be used to trocarize the stomach. Oral decompression 
also be performed after trocarization. Decompression should 
be maintained until surgery. Sedation with butorphanol 

(0.5 mg/kg IV) or oxymorphone (0, L nig/kg IV) and 

diazepam (0.1 mg/kg slow IV) may be necessary to pass a 
stomach tube. 

Adjunct Therapy for Endotoxic Shock 
and Re per fusion Injury 

Adjunct therapy frequently includes prednisolone sodium 
succinate ' 10 mg/kg IV) or dexamethasone sodium phosphate 
(10 mg/kg IV) for shock, and broad-spectrum antibiotics such 
a cephalosporin in combination with a fluroquinolone to 
circumvent bacterial translocation and endotoxemia Some 
clinicians advocate fiunixin meglumine for endotoxic shock, 
hut the author does not. 

The administration of agents to decrease lipid peroxidation 
(U70046F) and chelate iron (desferoxamine) has decreased 
mortality attributed to reperfusion injury in dogs with 
imental GDV. ?J M These agents are best given before 
fusion occurs, that is, prior to untwisting a torsion 


be performed by ora gastric intubation 
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Figure 221-9 Gastric dilatation and volvulus. Right lateral radio 
graph showing gastric compartmentalization, with the 

f dorsal) separated from the fundus by a soft tissue density. 


exper- 
t ep e r- 


pylorus 











































• Diseases of the Stomach 


I 


CHAPTER 221 


1321 


The presence of gastric necrosis can be predicted by mea¬ 
suring plasma lactate concentration, with [lactate] greater 
than 6 mmoI/L yielding a specificity of 88% and a sensitivity 

necrosis, 57 


Cardiac Arrythmias 

Cardiac arrhythmias such 
and ventricular tachycardia 

mately 40% of patients) and may or may not contribute to mor¬ 
tality. 5 ^ 5 * 5 The arrhythmias can develop up to 72 hours after 
presentation and are considered a consequence of electrolyte, 
acid base, and hemostatic abnormalities, as well as 
fusion injury. Arrhythmias should be treated if they are associated 
with weakness or syncope, as well as if persistent ventricular 
tachycardia at rates greater than 150 beats per minute 
demonstrated. The arrythmias are managed by co reeling under¬ 
lying acid-base electrolyte and hemostatic disturbances and 
administering lidocaine either as a bolus (1 to 2 mg/kg IV) or 
continuously (up to 50 to 75 pg/kg/min) and procainamide (10 
mg/kg IM q6h and then orally if effective) where persistent It is 
important that plasma concentration of K* and Mg" f are normal- 

ized to enable effective anti a rryth mi c therapy (see Chapter 202). 

Surgery 

The aims of surgery are to reposition the stomach and spleen and 
to perform a gastropexy to enable short-term decompression and 
prevent recurrence. Surgery is complicated by the presence of 
gastric necrosis, which requires partial gastrectomy and avulsion 
or torsion of the spleen, which may require resection or removal. 

Prognosis 

Mortality rate for dogs with gastric dilatation and volvulus is 
approximately 15%. 5e Dogs with gastric necrosis, gastric resec- 

splenectomy have a higher mortality rate (>30%). 55 ' 57 


as ventricular premature complexes 
are relatively frequent (approxi- 


of 66% for 


Prophylaxis 

The recurrence rate of GD/GDV has been estimated at 11% 
over 3 years in one study with median survival of 547 versus 

with a gastropexy versus those without, 
Prophylactic gastropexy in Great Danes, Irish Setters, 
Rottweilers, standard poodles, and Wcimariners reduced mor¬ 
tality from as little as 2.2-fold in Rottweilers to as much as 
29.6-fold in great Danes. 45 


due to reper- 


188 days for dogs 


CHRONIC GASTRITIS 




Gastritis is a common finding in dogs, with 35% of dogs investi¬ 
gated for chronic vomiting and 26% to 48% of asymptomatic 
dogs affected. 5 * 3 ^ The prevalence in cats has not been deter- 
i ned, "file d i agnosi s of ch ronic gastritis i s based on the hi sto logic 
examination of gastric biopsies and it is usually subdassified 
according to histopathological changes and etiology. 


m 


Histopathologic Features of Gastritis 

Gastritis in dogs and cats is usually classified according to the 
nature of the predominant cellular infiltrate (eosinophilic, lym¬ 
phocytic, plasmacytic, granulomatous, lymphoid follicular), the 
presence of architectural abnormalities (atrophy, hypertrophy, 
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Fi g U r e 221 -10 G ra d i ng sch ernes for ga s trills, 
A, A visual analog cartoon system proposed by 


Happonen et al, 1998, and B. A standardized 


photograpic scale For atrophy, fibrosis and cellu¬ 


lar infiltrate. [Courtesy Wiinberg, Simpson and 


Mac Don ou 
















SECTION XIV * Gastrointestinal Disease 


of the immunomodulatory cytokines TGFB or IL-10. 62 The 
pro-inflammatory cytokines produced by epithelial cells 
are modulated by the production of IL-1Q from macrophages 
and potentially by the epithelial cells themselves. 63 In this 
context, dogs with lymph oplasmacytic gastritis of undetermined 
etiology showed a correlation between the expression of the 
immunomodulatory cytokine IL-10 and pro i nfl a mm a tory 
cytokines (lFN-y, IL-ip, IL-8). 61 Simultaneous expression of 
1L-10 and IFN-y mRNA has also been observed in the intestines 
of beagle dogs [lamina propria cells and the intestinal epithelium) 
in the face of a luminal bacterial flora that was more numerous 
than that of control dogs. 64 Thus it is tempting to visu aliz e a 
"homeostatic loop” consisting of proinflammatory stimuli and 
responses, countered by immunomodulation and repair, with 
imbalance in either of these aims manifested as gastritis. 

The importance of unknown pathogens in the development 
of mucosal inflammation is best demonstrated by the gastric 
bacterium Helicobacter pylori , a gram - n ega live bacterium, which 
chronically infects more than half of all people worldwide. 13 
Chronic infection of human adults with H. pylori is character¬ 
ized by the infiltration of polymoiphonuclear and mononuclear 
cells and the up-regulation of pro-inflammatory cytokines and 
the ehemokine 1L-8. Mucosal T cells in infected individuals 
are polarized toward the production of gamma interferon 
(IFN-y), rather than IL-4 or IL-5 indicating a strong bias toward 
a T h -1 type response), 65 - 66 This sustained gastric Inflammatory 
and immune response to infection appears to be pivotal for the 
development of peptic ulcers and gastric cancer in people. 67 

There is also a high prevalence of gastric Helicobacter spp. 
infection in dogs (67% to 100% of healthy pet dogs, 74% to 
90% of vomiting dogs, 100% of laboratory beagles) and cats 
(40% to 100% of healthy and sick cats) 68 ’ 70 In contrast to 
people, in whom Helicobacter pylori infection predominates, 
dogs and cats are colonized by a variety of large spiral organisms 
(5 to 12 p) (Figure 221-12). In cats from Switzerland, United 
States, and Germany, Helicobacter heilmannii is the predominant 
species, with Helicobacter hizzozeronn and Helicobacter felis 
much less frequent. In dogs from Finland, Switzerland, the 
United States, and Denmark H. bizzozeronii and H. satomonis 
are most common followed by H. heilmanni and H. felis. H. bilis 
and Flexispira rappini have also been described. Cats can also be 
colonized by H. pylori (2 to 5 p) but infection has been limited 
to a closed colony of laboratory cats. 

Ownership of dogs and cats has been correlated with 
increased risk of infection of H. heilmannii in people. 71 Case 
reports have also suggested the transmission of Helicobacter spp, 
from pets to man. Recent studies clearly confirm that dogs and 
cats harbor H heilmannii, but the subtypes of H. heilmannii 
present in dogs and cats (types 2 and 4) are of minor importance 
(approximately 15% of cases) to humans, who are predomi¬ 
nantly colonized by H , heilmannii type 1 (the predominant 
Helicobacter sp. in pigs). 72 

The effect of eradicating Helicobacter spp. on gastritis and 
clinical signs, the main form of evidence supporting the 
pathogenic role of H. pylori in human gastritis, has not been 
thoroughly investigated to date in dogs and cats. An 
trolled treatment trial of dogs and cats with gastritis and 
Helicobacter spp. infection showed that clinical signs in 90% of 

63 dogs and cats responded to treatment with a combination 
of metronidazole, amoxicillin, and famotidine, and that 14 of 
the 19 animals re-endoscoped had resolution of gastritis and 
no evidence of Helicobacter spp, in gastric biopsies. 73 

Controlled clinical trials are required to confirm these 
observations but have been hampered by a much higher 
apparent recrudescence or re-infection rate than the 1 % to 2% 
per year observed after treatment of H pylo ri- infected people 
With such limited information from eradication trials, most 
current know ledge about the pathogenicity of Helicobacter spp, 
ior dogs and cats comes from the evaluation of animals with 


an 


Figure 221-1T Lymphoid follicle hyperplasia and lymphoplas- 
macytic gastritis in a cat with H. fdis infection. 


fibrosis, edema, ulceration, metaplasia), and their subjective 
severity (mild, moderate, severe). A standardized visual grad¬ 
ing scheme has been proposed by Happonen et al 60 and has 

been adapted for pathologists 61 (Figure 221-10), 

The most common form of gastritis in dogs and cats is mild 
to moderate superficial lymphoplasmacytic gastritis with 
concomitant lymphoid follicle hyperplasia (Figure 221-11). 

Eosinophilic, granulomatous, atrophic, and hyperplastic gastritis 
are less common. 


Etiology 

Despite the high prevalence of gastritis an underlying cause is 

rarely identified, and in the absence of systemic disease, 

ulcerogenic or irritant drugs, gastric foreign objects, parasites 

(Physalloptera and O Uulanus spp,), and in rare instances fungal 

infections (Pythium insidiosum , Hism plasma spp.), it is usually 

attributed to dietary allergy or intolerance, occult parasitism, 

reaction to bacterial antigens, or unknown pathogens. 

Treatment is often empirical but can serve to define the cause of 

gastritis, such as diet responsive, antibiotic responsive, steroid 
responsive, or parasitic. 

Although the basis of the immunologic response in canine 
and feline gastritis is unknown, recent studies in experimental 
animals have shed light on the immunologic environment in 
the gastrointestinal tract and reveal a complex interplay 
between the GI microflora, the epithelium, immune effector 
cells such as lymphocytes and macrophages, and soluble medi¬ 
ators such as chemoldnes and okines. 46 62 In health, this 
system avoids active inflammation by antigen exclusion and the 
induction of immune tolerance. The development of intestinal 

inflammation in mice lacking the cytokines IL-10, TGFp, or IL- 
2 indicates the central importance of cytokines in damping 
down mucosal inflammation. In many of these murine models 
GI inflammation only develops in the presence of indigenous 
intestinal microflora, leading to the hypothesis that sponta¬ 
neous mucosal inflammation may be the result of a loss of tol¬ 
erance to the indigenous GI microflora. The role of these 
mechanisms in out bred species such as the dog and cat remains 
to be determined, but clearly loss of tolerance to bacterial of 
dietary antigens should be considered. 

The epithelial cell is also emerging as a “generar in the 
inflammatory response, with gram-negative or pathogenic 
bacteria inducing proinfl ammatory cytokine (e.g., 1L-8, JLl-p i 
secretion from epithelial cells, whereas commensal or bacteria 
such as S. fedum or Lactobacillus spp. induce the production 
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Figure 221-12 Helicobacter spp. visualized on (A) an impression smear i Dili-Quick stain) and 
(E) endoscopic biopsy (Sterner stain)* 


is variably encountered. The concurrent presence of dermato¬ 
logic and gastrointestinal signs raises the likelihood of dietary 
sensitivity, 76 Access to toxins, medications, foreign bodies, and 
dietary r practices should be thoroughly reviewed. The signalment 
should not be overlooked as it may increase the probability 
that chronic gastritis is the cause of vomiting. Hypertrophy 
of the fun die mucosa is frequently associated with a severe 
enteropathy in basenjis 77 and stomatocytosis, hemolytic 
anemia, icterus, and polyneuropathy in Drentse Patrijshond 7g 
Hypertrophy of the pyloric mucosa is observed in small brachy- 
cephalic dogs such as Lhasa apso and is associated with gastric 
outflow obstruction (see Delayed Gastric Emptying and 
Motility Disorders). Atrophy of the gastric mucosa that may 
progress to adenocarcinoma has been reported in Lundebunds 
with protein-losing gastroenteropathy. 

Young, large breed, male dogs in the Gulf states of the United 
States may have granulomatous gastritis caused by Pythhtm spp. 
with infection more prevalent in tall, winter, and spring. 
Physical examination is often unremarkable. Abdominal disten¬ 
sion may be related to delayed gastric emptying caused by 
obstruction or defective propulsion. Abdominal masses, lym¬ 
ph adenopathy, or ocular changes may be encountered in dogs 
with gastric fungal infections. 


and without infections and clinical $igns r and a small number 
of experimental infections. 

The large Helicobacter species found in dogs an cats do not 
attach to the epithelium but colonize the superficial mucus and 
gastric glan ds, particularly of the fundus and cardia, and may also 
be observ ed intratellularly. 6 ^ 69 Degeneration of gastric glands, 
with vacuo! ation, pyknosis, and necrosis of parietal cells is more 
common in infected than uninfected animals. Inflammation is 
generally mononuclear in nature and ranges from mild to mod¬ 
erate in severity. Gastric lymphoid hyperplasia is common and 
can be extensive in dogs and cats infected with Helicobacter spp. 
(particularly when full thickness gastric biopsies are evaluated). 
In addition to this local gastric immune response, a systemic 
response characterized by increased circulating mil-Helicobacter 
IgG has been detected in sera from naturally infected dogs and 
cats. However, the gastritis observed in cats and dogs infected 
with large HLOs is generally less severe than that observed in 
H. pylori infected humans (where neutrophilic aggregates, and 
moderate to severe gastritis, are commonly encountered), and 
gastro-intestinal ulcers, gastric neoplasia, or changes in serum 

acid secretion have not been associated with 


79 
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gastrin or 

Helicobacter spp. infection in dogs an d ca ts. 

These differences between people, dogs, and cats may be 
attributed to differences in the virulence of the infecting 
Helicobacter spp,, or the host response. Studies that address 
this issue indicate that H. pylori evokes a more severe pro- 
inflammatory cytokine and cellular response in dogs and cats 
than natural or experimental infection with large Helicobacter 
H75 The limited mucosal inflammatory response and 




Diagnosis 

A biochemical profile, complete blood count, urinalysis, and 
T 4 (cats) should be performed as a basic screen for metabolic, 
endocrine, infectious, and other non-GI causes of vomiting, 
as well as the acid base and electrolyte changes associated 
with vomiting, outflow obstruction, or acid hypersecretion. 
Clinicopathologic tests are often normal in patients with 

chronic gastritis. 

Eosinoph ilia may prompt the consideration of gastritis 
associated with dietary hypersensitivity, endoparasites, or mast 
cell tumors. Hyperglobulmemia and hypoalbuninemia may be 
present in basenjis with gastropathy/enteropathy, or dogs with 
gastric py this os is. Panhypoprotcinemia is a feature of gastro- 
enteropathy in Lundehunds, moderate to severe generalized 
inflammatory bowel disease, Gl lymphoma, and G1 histoplas¬ 
mosis. More specific testing, such as an ACTH stimulation 
test, or serology for Pythium isnsidiosum , is performed based 
the results of these initial tests. Determination of food spe¬ 
cific IgE has not been shown to be useful in the diagnosis of 

cats. The utility of non invasive 












spp. 

absence of clinical signs in the vast majority of dogs and cats 
infected with non-H, pylori Helicobacter spp., despite signifi¬ 
cant antigenic stimulation (evidenced by seroconversion and 
lymphoid follicle hyperplasia) suggest that large gastric 
Helicobacter spp. are more commensal than pathogenic. With 
this in mind, it is interesting to speculate that it is the loss of 
tolerance to gastric Helicobacter spp., rather than the innate 
pathogenicity of these bacteria, that explains the develop¬ 
ment of gastritis and clinical signs in some dogs and cats. 
However, much still remains to be learned about the role of 
Helicobacter spp. in canine and feline gastritis. 


Clinical Findings 

The major clinical sign of chronic gastritis is vomiting of food or 

bile. Decreased appetite, weight loss, melena, or bematemesis 
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dietary sensitivity in dogs or 
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tests, such as serum pepsinogen and gastric permeability to 
sucrose, used to diagnose gastritis in people has not been 
determined in dogs and cats. 

Abdominal radiographs 


Treatment 

Treatment of gastritis initially centers on the detection and treat¬ 
ment of underlying metabolic disorders and the removal of 
drugs, toxins, foreign bodies, parasites, and fungal infections. 

Parasitic Gastritis 

Qtiulanus tricuspis is a microscopic worm (0.7 to 1 mm long, 
0.04 mm wide) that infects the feline stomach. 82 Its predom¬ 
inant cat-to-cat transmisison is through ingestion of vomitus. 
It can also undergo internal auto infection with worm burdens 
reaching up to 11,000 per stomach. Mucosal abnormalities 

range from none, to rugal hyperplasia, and nodular (2 to 3 mm) 
gastritis. 

Histologic findings include lymphoplasmacytic infiltrates, 

lymphoid follicular hyperplasia, fibrosis, and up to 100/hpf 
globular leukocytes. Ollulanus spp. are not detected by fecal 
examination and require evaluation of gastric juice, vomitus, 
or histologic sections for larvae or worms, Gastric lavage and 
xylazine-mduced emesis have been described to aid diag 
Treatment with fenbendazole 3 0 mg/kg PO SID 2d may be 

effective. 

FhysaUoptera spp, are about 2 to 6 cm long worms that are 

sporadically detected in the stomachs of dogs and cats. 

Physalloptera rara are most commonly described and appear 

to be primarily a parasite of coyotes. Diagnosis is difficult as 

worm burden is often low and the eggs are transparent and 

difficult to see in sugar floatation. Treatment w'ith pyrantel 

pamoate (5 mg/kg PO:dogs single dose; cats two doses 

14 days apart) may be effective. Control of infection may be 

difficult due to the ingestion of intermediate hosts, such as 

cockroaches and beetles, and paratenic hosts, such as lizards 
and hedgehogs. 

Given the difficult diagnosis of Qllukutus and FhysaUoptera 

spp,, empirical therapy with an anthelminthic such as fenben- 
dazole may be warranted in dogs and cats with unexplained 

gastritis. 

Gastric infection with Gnatkostoma spp. (cats), Spirocerca spp. 
(dogs), and Aonchotheca spp + (cats) has been associated with 
gastric nodules that have been treated by surgical resection of 
affected gastric tissue. 83 

Gastric Pythiosis 

The presence of transmural thickening of the gastric outflow 

tract (Figure 221-13, D) and histology that indicates pyogran- 
ulomatous inflammation raise the possibility of infection with 
fungi such as P^nhium insidiosum 80 Special staining ! G 
methenamine silver), culture, serology, and PCR of infected tis- 

can be used to help confirm the diagnosis. Treatment consists 
of aggressive surgical resection combined with itraconazole 

(10 mg/kg PO SID) and terbinafine (5 to 10 mg/kg PO SID) 
for 2 to 3 months post-surgery. ELISA titers of pre- and post- 
treatment samples may show a marked drop during successful 
treatment and drugs can be stopped. Medical therapy is con¬ 
tinued for another 2 to 3 months if titers remain elevated. The 
prognosis is poor and fewer than 25% of afflicted animals are 
cured with medical therapy alone. 80 


frequently normal in dogs and 
cats with gastritis but may show gastric distention or delayed 
gastric emptying (food retained more than 12 hours after a 
meal). Contrast radiography may reveal ulcers or thickening 
of the gastric rugae or wall but has largely been supers ceded 
by the combination of ultrasonography to detect mural abnor¬ 
malities and endoscopy to observe and sample the gastric 
mucosa. 22 


Endoscopic examination enables the visualization of foreign 
bodies, erosions, ulceration, hemorrhage, rugal thickening, lym¬ 
phoid follicle hyperplasia (evident 
increased mucus or fluid (clear 


as mucosal pock marks), 
or bile stained), and increased 
or decreased mucosal friability. Discrete focal or multifocal 
mucosal nodules may be observed with OUulanus spp. infection. 

Gastric phycomycosis can be associated with irregular 
masses in the pyloric outflow tract and may prompt serologic 
testing by ELISA, Western blotting, and culture of fresh gastric 
biopsies. Parasites such as FhysaUoptera spp. may be observed 
1- to 4-cm worms. Large amounts of bile stained fluid is sug¬ 
gestive of duodenogastric reflux-associated gastritis, whereas 
lots of dear fluid my indicate hypersecretion of gastric acid. 
Gastric fluid can be aspirated for cytology [Helicobacter spp., 
parasite ova or larvae) and pH measurement. Impression 
smears of gastric biopsies are an effective way of looking for 
Helicobacter spp. (5 to 12 p spirals) and are more sensitive than 
the biopsy urease test [Helicobacter spp. produce urease). Serum 
gastrin should be measured in the face of unexplained gastric 
erosions, ulcers, fluid accumulation, or mucosal hypertrophy. 

The endoscopic procedure of dribbling dietary antigens 
onto the gastric mucosa to ascertain the presence of food 
allergy has not been useful in dogs or cats: it is highly subjec¬ 
tive, detects only immediate hypersensitivity, and does 
correlate with the results of dietary elimination trials. 76 The 
stomach should he biopsied even when it looks grossly normal 
(usually three biopsies from each region- pylorus, fundus, and 
cardia). Thickened rugae may require multiple biopsies, and 
full-thickness biopsy is often required to differentiate gastritis 
from neoplasia or fungal infection and to diagnose submucosal 
muscular hypertrophy The results of gastric ultrasonography 
can help to forewarn the clinician of these possibilities and 
complement to the endoscopic findings. 

Gastric sections should be stained with H&E for evaluation 
ol cellularity and architecture, and modified Steiner stain for 
gastric spiral bacteria (Figure 221-12, B). Further special 
stains, such as Gomori's methenamine silver, are indicated if 
pyogranul omatous inflammation is present to detect fungi. 
Masson J s triebrome can be used to highlight gastric fibrosis, 
w r he re as sirius red and alrian blue help to reveal eosinophils and 
mast cells, respectively Jmmunocytochemistry can be employed 
to help distinguish lymphoma from severe lymphocytic gastritis. 
Mucin staining has been performed in Lundchunds with gastric 

□trophy and showed an abnormal presence of mucus neck cells 
and pseudo-pyloric metaplasia. 81 

The interpretation of gastric biopsies has important impli¬ 
cations for patient care because biopsy findings are often used 
to guide treatment. For example, moderate lymphoplasma- 
cytic gastritis without Helicobacter spp, infection is often 
treat e d w i th co rti c o st e ro i ds, wh ere a s mi 1 d 1 y m p h op 1 a s m a c ytie 
gastritis may be treated with a change in diet. As the 
histopathologic evaluation of gastric biopsies has not been 
standardized, the prudent clinician should carefully review 
histologic sections to get a fed for the pathologist's interpre¬ 
tation. Even with optimum evaluation similar histologic 
changes can be observed in patients with different underlying 
etiologies, so well-structured treatment trials often form the 
basis of an eliologic diagnosis. 
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7 1elicohacter-Associated Gastritis 

The general lack of knowdedge of the pathogenicity of gastric 
Helicobacter spp. has meant that veterinarians are faced w'ith 
the dilemma of either treating or ignoring spiral bacteria 
observed in biopsies from patients with chronic vomiting and 
gastritis. In light of their pathogenicity in man, ferrets, chee¬ 
tahs, and mice, it w r ould seem prudent that eradication of gas¬ 
tric Helicobacter spp. is attempted prior to initiating treatment 
w ith immunosuppressive agents to control gastritis. However, 
this must be decided 


on an individual basis. For example, in the 
patient with a lymphoplasmacytic infiltrate of the stomach and 
small intestine with 


a concomitant gastric Helicobacter spp. 
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infection, should one treat for inflammatory bowel disease, 
Helicobacter, or both? 

The author recommends treating only symptomatic 
patients that have biopsy-confirmed Helicohacter spp., infec¬ 
tion and gastritis. Current treatment protocols are based on 
those found to be effective in humans infected with H. pylori . 
An uncontrolled treatment trial of dogs and cats with gastritis 
and Helicobacter spp, infection showed that clinical signs in 
90% of 63 dogs and cats responded to treatment with a com¬ 
bination of metronidazole, amoxicillin, and famotidine, and 
that 74% of 19 animals re-endoscoped had no evidence of 
Helicobacter spp. in gastric biopsies. 73 

Unfortunately these promising results regarding the eradi¬ 
cation of Helicobacter spp, have not been borne out by more 
controlled studies in asymptomatic Helicobacter -infected 
dogs and cats. Treatment combinations that have been criti¬ 
cally evaluated are (3) amoxicillin f20 mg/kg PO BID 14d), 
metronidazole (20 mg/kg PO BID 14d), and famotidine 

(0.5 mg/kg PO BID 14d) in dogs^; [2] clarithromycin (30 mg 
PO BID 4d), metronidazole (30 mg PO BID 4d), ranitidine 

(10 mg PO BID H and bismuth (20 mg PO BID 4d) 

(CMRB] in H. heilmannii infected cats 85 and (3) azithromycin 
(30 mg PO SID 4d), tinidazole (100 mg PO SID 4 cl), ranitidine 
(20 mg PO SID 4d) and bismuth (40 mg PO SID 4d)(ATRB) 

in H. /idftn an nit-infected cats. 85 Re-evaluation of infection 
status at 3 days (dogs) or 10 days (cats) after treatment revealed 
six of eight dogs and 11 of 11 CMRB and four of six ATRB- 
treated cats to be Helicobacter spp. free on the basis of histology 
and urease testing (dogs) or l3 C-urea breath test (dogs and 
cats)A 5 66 However, at 28 days (dogs) or 42 days (cats) after 
completing antimicrobial therapy, eight of eight dogs and four 
of eleven cats that received CMRB, five of six cats that received 
ATRB were found to be re-infected. A transient effect of com¬ 
bination therapy (amoxicillin 20 mg/kg PO T1D 2 Id, metron¬ 
idazole 20 mg/kg PO TID 2Id, and omeprazole 0.7 mg PO 
SID 2Id) on bacterial colonization has also been observed in 
six cats with H. pylori infection. 

Further analysis of gastric biopsies from infected dogs and 
H. pylori infected cats using PCR and Helico tarter-specific 
primers revealed persistence of Helicobacter DNA in gastric 
biopsies that appeared negative on histology and urease testing. 
These studies suggest that antibiotic regimens that are effective 
against H. pylori in people may only cause transient suppres¬ 
sion, rather than eradication, of gastric Helicobacter spp. in dogs 
and -cats. 

The author has recently employed the combination of 

amoxicillin (20 mg/kg PO BID), clarithromycin (7,5 mg/kg PO 
BID) and metronidazole (10 mg/kg PO BID) for 14 days to 

eradicate Helicobacter pylori infection in cats. Further controlled 
trials of antibiotic therapy in infected dogs and cats, particularly 
symptomatic patients with gastritis and Helicobacter spp, infec¬ 
tion, are clearly required before guidelines regarding the treat¬ 
ment of gastric Helicobacter spp. in dogs and cats can be made. 

Chronic Gastritis of Unknown Cause 
Lymphocytic plasmacytic gastritis of unknown cause is 
common in dogs and cats. It may be associated with similar 
infiltrates in the intestines, particularly in cats (who should 
also be evaluated for the presence of pancreatic and biliary 
disease). The cellular infiltrate varies widely in severity and it 
may be accompanied by mucosal atrophy or fibrosis, and less 
commonly hyperplasia* 

Patients with mild lymphopl asm acytic gastritis are initially 
treated with diet. The diet is usually restricted in antigens to 
which the patient has been previously exposed, such as a 
lamb'based diet if the patient has previously been fed chicken 
and beef, or contains hydrolyzed proteins (usually chicken or 
soy) that may be less allergenic than intact proteins. Many of 
these diets are also high in carbohydrate and restricted in fat. 


which facilitates gastric emptying, and may contain other sub¬ 
stances such as menhaden fish oil or antioxidants that may 
alter inflammation* 

The test diet is fed exclusively for a period of about 
2 weeks while vomiting episodes are recorded. 7 * 3 If vomiting 
is improved a challenge with the original diet is required to 
confirm a diagnosis of food intolerance. The introduction of 
a specific dietary component to the test diet, such as beef, is 
required to confirm dietary' sensitivity. If vomiting is unrespon¬ 
sive the patient may be placed on a different diet for another 
2 weeks, usually the limit of client tolerance, or started on 
prednisolone (1 to 2 mg/kg/day PO, tapered to every other day 
at the lowest dose that maintains remission over 8 to 12 weeks). 

Patients with moderate to severe lymph op lasm acytic gas¬ 
tritis are usually started on a combination of a test diet and 
prednisolone. If the patient goes into remission they are main¬ 
tained on the test diet while prednisolone is tapered and 
potentially discontinued. Antacids and mucosal protectants 
are added to the therapeutic regimen if ulcers or erosion are 
detected at endoscopy or if hematemesis or melena is noted. 

If gastritis is unresponsive to diet, prednisolone, and 
antacids, additional immunosuppression may be indicated. 
Gastric biopsies should be carefully re-evaluated for evidence 
of lymphoma. In dogs immunosuppression is usually 
increased with azathioprine (PO 2 mg/kg SID for 5d then 
EOD, on alternating days with prednisolone). Chlorambucil 
may be a safer alternative to azathioprine in cats (PO) and has 
been successfully employed in the management of inflamma¬ 
tory bowel disease and small cell lymphoma (see below)* 
Prokinetic agents such as metoclopramide, cisapride, and ery¬ 
thromycin can be used as an adjunct where delayed gastric 
emptying is present. These are discussed below. 

Diffuse eosinophillic gastritis of undefined etiology is usu¬ 
ally approached in a similar fashion to lymph op lasm acytic 
gastritis. The presence of eoslnphiha, dermatologic changes, 
and eosinophilic infiltrates may be even more suggestive of 
dietary sensitivity. In cats it should be determined if it is part 
of a hypereosinophilic syndrome. Treatment for occult para¬ 
sites, dietary trials, and immunosuppression can be carried 
out as described above. Focal eosinophilic granulomas can be 
associated with parasites or fungal infection that should be 
excluded prior to immunosuppression with corticosteroids. 

Atrophic Gastritis 

Atrophic gastritis in dogs and cats is often associated with 
a marked cellular infiltrate (see Figure 221-10). In people 
atrophy is associated with Helicobacter spp. infection and 
inflammation, and immune-mediated destruction, 87 Gastric 
disease is often not discovered until the patient presents with 
pernicious anemia secondary to cobalamin deficiency caused 
by a lack of gastric intrinsic factor. In people, atrophic gastritis, 
intestinal metaplasia of the gastric mucosa, and hypochlorhy- 
dia are thought to precede the development of gastric cancer. 00 
The host inflammatory response is also thought to contribute 
to the development of atrophy and pro-inflammatory IL-ip 
and IL-10 gene polymorphisms in people are associated with 
increased inflammation, gastric atrophy, hypochlorhydria, and 
gastric cancer, 80 ' 90 

Atrophic gastritis has been infrequently described in dogs 
and cats but does share some similarities with people. Atrophy 
has been associated with gastric adenocarcinoma in 
Lundehunds 01 and in dogs with lymp hop! asm acytic gastritis 
of undetermined cause atrophy correlates with the expression 
of mRNA for IL-113 and IL-10 and the presence of neutrophils. 
However, there is no clear evidence that lymphoplasmacytic 
gastritis progresses to atrophy and gastric cancer in dogs or 
cats, 91 and the role of Helicobacter spp, or antigastric antibodies 
in the development of atrophy in dogs and cats remains to be 
determined. 
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In contrast to humans, dogs and cats with atrophic gastritis 
have not been reported to develop cobalamin deficiency. This is 
probably because the pancreas, rather than the stomach, is the 
main source of intrinsic factor in these species. Achlorhydria 
has been described in dogs and may enable the prolifera¬ 
tion of bacteria in the stomach and upper small intestine, 
although this has not been proven. The treatment of atrophic 
gastritis has received limited attention, but Helicobacter 
spp. eradication and immunosuppression have been effective 
in people. 

Hypertroph ic Gas tritis 

Hypertrophy in the fun die mucosa is uncommon and is often 
part of the breed-specific gastropathies or gastroemeropathies 
mentioned above (Figure 221-13). Concurrent hypergastrine- 
mia should prompt consideration of underlying hepatic 
renal disease, achlorhydria, or gastrin-producing tumors, which 
should be pursued appropriately. Bascnji g a sto enteropathy i 
variably associated with fasting hypergastrinemia and exag¬ 
gerated secretin stimulated gastrin, and anecdotal reports sug¬ 
gest that affected base nils may respond to antimicrobial 
therapy Antral hypertrophy of hrachy cephalic dogs causes 
outflow obstruction and is treated with surgery (see below). 


Table • 221-3 


Causes of Delayed Gastric Emptying 


Outflow Obstruction 

Congenital stenosis 
Foreign bodies 

Hypertrophy of pyloric mucosa 

Granuloma 

Po ly ps 
Neoplasia 

Extragostric masses 


Defective Propulsion 

Gastric disorders 

Gastritis 

Ulcers 

Neoplasia 

Gastroenteritis 

Peritonitis 

Pancreatitis 

Metabolic (hypokalemia, hypocalcemia, hypoadrenocorticism) 
Nervous inhibition (trauma, pain, stress?) 

Dysautonomia 

GDV 

Surgery 

Drugs (e.g., anticholinergics, narcotics) 

Idiopathic 


or 


IS 


DELAYED GASTRIC EMPTYING 
AND MOTILITY DISORDERS 


Disorders of gastric motility can disrupt the storage and mixing 
of food and its expulsion into the duodenum 25 Normal 
gastric motility is the result of the organized interaction of 
smooth muscle with neural and hormonal stimuli. Delayed 
gastric emptying is the most commonly recognized manifesta¬ 
tion of gastric motility disorders. Rapid gastric emptying and 
motility disorders associated with retrograde transit of bile 
ingest a are less well defined. 

Delayed gastric emptying is caused by outflow obstruction 
or defective propulsion (Table 221-3} and is usually suspected 
by the vomiting of food at least 8 and often 10 to 16 hours 
after a meal. 


The diagnostic approach is to confirm delayed gastric emp¬ 
tying and to detect causes of gastric outflow obstruction that 
may require surgery, and non-gastric disorders associated with 
defective propulsion. Historical and physical findings are com¬ 
bined with clinicopathologic testing, plain radiographs, and 
ultrasonography. 

Hematology, serum biochemistry, urinalysis, fecal analysis 
(e.g., parasites, parvo), and serology (e g., FelV) are employed 
to detect non-Gl causes of vomiting or delayed gastric emptying 
and to determine the consequences of vomiting. Laboratory 
findings vary depending on the severity of vomiting and 
pleteness of pyloric obstruction and the presence of disorders 
associated with blood loss or inflammation. The CBC is often 
normal, but anemia may accompany gastric ulcers or neoplasia. 
Hypergfobulmemia may be present where outflow obstruc¬ 
tion is secondary to fugal granuloma. The presence of 
hypochloremia, hypokalemia, and metabolic alkalosis, with or 
without aciduria, should increase suspicion of an upper G1 
obstruction or potential hypersecretion of gastric acid. 

Radiographs are essential to confirm the retention of food 
or fluid in the stomach longer than S hours, and often 12 to 
16 hours, after a meal, and to detect extra gastric disorders 
such as peritonitis. Ultrasound may detect mural thickening or 
irregularity of the stomach suggestive of neoplasia, granuloma, 
or hypertrophy. Ultrasound may also reveal radio!ucent for¬ 
eign objects and detect non-gastric causes of delayed empty¬ 
ing, such as pancreatitis. Contrast radiography can be used to 
detect mural abnormalities and to confirm a suspicion of gas¬ 
tric obstruction where plain radiographs are inconclusive 
(Figure 221-14). However, endoscopy is usually favored over 
radiographic procedures for confirming gastric outflow obstruc¬ 
tion and gastric and duodenal causes of decreased propulsion 
(eg,, ulcers, gastritis) (see Figure 221-13), Measurement of gas- 
iric pH and scrum gastrin can help to differentiate idiopathic 


or 


Diagnosis 

Vomiting of food some time after ingestion (more than 8 hours) 
is the most common sign. Vomiting may be projectile with 
pyloric stenosis. Abdominal distension, weight loss, melena, 
abdominal discomfort, distention, bloating, and anorexia are 
more variably present. 

The signalmen! and history may be helpful narrowing 
down the cause. Development of vomiting at weaning raises 
the possibility of pyloric stenosis. Access to foreign bodies, 
bones, and medications is of obvious relevance to outflow' 
obstruction, Brachy cephalic, middle-aged, small breed dogs, 
such as shih tz.us, seem predisposed to the syndrome of hyper¬ 
trophic pylorogastropalhy, where vomiting is secondary to 
pyloric outflow obstruction caused by hypertrophy of the 
pyloric mucosa and/or muscularis.^-* Gastric neoplasia is 
usually detected in older animals, and weight loss, hematemesis, 
and pallor may he present. Gastric pythiosis is more prevalent 
in young large breed dogs in the Gulf states of the United 
States. Large breed, deep-chested dogs are more prone to GDV 
that may have an underlying problem with gastric emptying 

(see GD/GDV above)* 

A thorough physical examination is performed to delect 
causes of vomiting such as string foreign bodies, or intestinal 
masses or thickenings, non-gastrointestinal (GI) causes, including 
thyroid (nodules-cats), liver (jaundice, hepatomegaly] or kidney 
disease (renomegaly, lumpy or small), and the systemic effects of 
vomiting, such as dehydration and weakness. 
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Figure 221-13 Gross appearance of hypertrophic gastropathies. A, Diffuse fundic hypertrophy; 
B, multifocal fundic hypertrophy; C, antral mucosal hypertrophy (idiopathic hyperplastic pyl 
gastropathy in a brachycephalie dog); D, thickening of the pyloric outflow tract due to Pythi 
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Figure 22M4 Marked gastric dilation and retentioi n of liquid barium i 


12-year-old domestic 
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short hair cat. Fid I thickness gastric biopsies showed submucosal infiltration with neutrophils and 


hh vIcs, (Courtesy of Cornell University 
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hypertrophic pyIorogastropathy from hypertrophy associated 

with hypergastrinemia. Pancreatic polypeptide-producing 

tumors may also be associated with mucosal hypertrophy. 
Endoscopy is hampered by the recent administration of 
barium so it is often performed first. Endoscopic biopsy is lim¬ 
ited to the superficial mucosa and surgical biopsy is frequently 
required to achieve a definitive diagnosis of granulomatous 
plastic, or hypertrophic conditions. 

More sophisticated procedures to directly evaluate gastric 
emptying and motility are usually employed to determine if 
vomiting is due to an undefined gastric motility disorder and 
optimize prokinetic therapy (Table 22 M), 25 --* Radiographic 
contrast procedures are readily available but are hampered by 
the wide variability in emptying times for barium in liquid 
meal form. The administration of barium impregnanted poly¬ 
spheres (BIPS] is a simplified contrast procedure suited 
routine clinical practice as it requires many fewer radiographs 
than traditional barium series and is standardized in terms of 
test performance and interpretation but its utility in clinical 
patients remains to be determined. Scintigraphic techniques 
generally considered the most accurate way to evaluate 


emptying but are restricted to referral institutions. Ultrasound 
can be useful for detecting gastric wall abnormalities and 
measuring contractile activity. A test employing the labeled 
i3 C-octanoic acid has been evaluated in people and dogs and 
found to reflect gastric emptying (the values are longer than 
scintigraphy as * 3 C-octanoate has to be absorbed and metab¬ 
olized before n C0 2 is liberated). 


nco- 


Treat merit 


Treatment of gastric emptying disorders is directed at the 
underlying cause. Gastric ulcers, erosions, and inflammation 
should he investigated and managed medically as described 
above. Foreign bodies are removed either endoscopioally 
surgically, Pyloric stenosis, polyps, and hypertrophic gastro- 
pathy that is not associated with hypergastrinemia 
aged surgically. When hypertrophic gastropathy, ul 


to 


or 


or 


are man- 
cers or 

erosions, or excessive gastric juice is encountered at endoscopy, 
intravenous H z -antagonists can be given during the endo¬ 
scopic procedure to try to prevent postoperative perforation 
esophagitis. Neoplasia, polyps, and granulomas may require 
extensive gastric resection and Billroth procedures. 


to 


or 


are 
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aDie 


A Review of Methods for Assessment of the Rate of Gastric Emptying in the Dog and Cat 26 


GASTRIC HALF 
EMPTYING TIME (t'jJ)* 

66 min (medion), 45-227 min (95% Cl) 

4,9 ±1.96 hours (mean ±sd) 

About 2 hours 

172 ±17 min (mean±se) 

285 + 34 min (mean ± sd); 294 ± 39 min (mean ± sd) 
77 min (mean) 

2.47±0.71 hours (meanisd) 

163 ±11 min (mean ±se) 

2,69 ± 0.25 hours (meanisd) 

3.86 ± 0.24 hours (mean ± sd) 

330 min (median), 210—769 min (range) 

3.5 hours (median), 1—6 hours (range) 

Small BlPS 416±81 min (meanise) 


METHOD 


SPECIES TEST MEAL 


Radiosdntigraphy Dog 


Eggs, starch + glucose 
Beef baby food + kibble 
L i ver 

Canned dog food + egg 
Canned dog food + egg 
Canned dog food 
D ry ca t food 
Liver + cream 
Canned cat food 
Dry cat food 
Eggs 

Dry dog food + radio¬ 
opaque solids 
Canned dog food + 
egg + 8IPS 

Canned dog food + 8 IPS 


27 


6 


4 


6 (18 tests) 

7 (14 tests) 


6 


Cat 


10 


6 (15 tests) 


20 


20 


10 


Radiography 


10 


6(18 tests) 


Dog 


20 


Small BIP5 6.05 ±2.99 hr (mean ± sd) 

Large BIPS 7.11 ±3.60 hr (meanisd) 

Small BIPS = 8.29 ±1.62 hr (70% of dogsise) 

Large BIPS = 29.21 ±18.31 hr (70% of dogsise) 
Total gastric emptying time - 7—15 hr (range) 
Total gastric emptying time = 7.6 ±1.98 hr 
(meanise) 

Small BiPS 6.43 ± 2.59 hr (mean ±sd) 

Large BIPS 7.49 ±4.09 hr (mean ±sd) 

Smalt BIPS - 7.7 hr (median), 3.5—10.9 hr (range) 
Large BIPS - 8.1 hr (median), 5-19.6 hr (range) 
SmaJt BIPS - 5.36 hr (median) 

Large BIPS - 631 hr (median) 

Gastric emptying time -116 ±0,9 hr (mean ± sd) 
Peak T3 C-excretion = 56.7±9.8 min (meanisd) 
3,43±0.50 hr (meanisd) 


Kibble + BIPS 


8 


Kibble + liquid barium 
Kibble + liquid barium 


9 (27 tests) 


4 


Cat 


Canned cat food + BIPS 


10 


Ca n n ed ca t food + B i P S 


6 


Canned cat food + BIPS 


10 


Cat food + liquid barium 
Canned cat food 
Bread, egg + margarine 


8 


Gastric Emptying 
Breath Test 


Cat 


6 


Dog 


6 (18 tests) 


‘Gastric emptying rate 

2003, 17:604-621 ) 


expressed a? gastrk half ajjptymg tinu, unless otherwise stated. [Reproduced 


with pc rm t ssi on o f Wy$e et a J, J V 1M 
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Dietary modification lo facilitate gastric emptying may be 
beneficial irrespective of cause. 

Small amounts of semi-liquid, protein- and fat-restricted 
diets fed at frequent intervals may facilitate emptying, such as 
an "intestinal disease diet" blended with water and mixed with 
an equal volume of boiled rice. 

In n on obstructive situations gastric emptying can be 
enhanced and duodenogastric reflux inhibited by prokinetic 
agents such as metoclopramide, cisapride, erythromycin, or 
ranitidine. 25113 - M The choice of prokinetic deper is if a central 
a n ti e m e ti c effect i s req u i red (e. g., met oclopra m i de), if a com - 
bined antacid prokinetic is indicated (e.g. f ranitidine), or if 
treatment with one agent has been ineffective or caused adverse 
effects (e.g., behavioral changes with metoclopramide). 
Metoclopramide (0.2 to 0.5 mg/kg FO SC LID) has central 
antiemetic properties in addition to its prokinetic activity in 
the stomach and upper GI tract and is frequently an initial 
choice in patients with underlying metabolic diseases associ¬ 
ated with vomiting and delayed gastric emptying. 

However, metoclopramide may only facilitate the emptying 

of liquids and is less effective in promoting organized gastro¬ 
duodenal and intestinal motility than cisapride. Cisapride (0.1 to 
0.5 mg/kg PG TID) has no central antiemetic effects but is 
generally more potent in promotion of the gastric empty ing of 
solids than metoclopramide, hut it does have more drug inter¬ 
actions and its availability is limited. Erythromycin (dog; 0.5 to 
1.0 mg/kg PO TID, between meals) releases motilin and acts 
at motilin receptors and mimics phase ill of the interdigestive 
migrating myoelectric complex (MMC) promoting the empty¬ 
ing of solids. Niaztidine and ranitidine (0.25 to 0.5 mg/lb PO 
TID) have prokinetic activity attributed to an organophosphate¬ 
like effect. 

No controlled trials in dogs and cats have evaluated the 
efficacy of different pro kinetics in different disease states, and 
treatment is usually based on a best guess/least harmful basis. 
Where true prokinetic activity is required, cisapride and ery¬ 
thromycin appear to be the most efficacious. 25 Treatment 
trials with prokin ctics should probably be structured to last 
between 5 and 10 days to determine benefit. A diary of clinical 
signs and the objective assessment of gastric emptying using 
the tests described above, before and after therapy helps to 
optimize treatment. Combination therapy, such as erythromycin 
and cisapride, is not recommended due to the potential for 
adverse drug interactions. I! le prognosis for patients with delayed 
gastric emptying depends on the cause. 

A suspected motility disorder characterized by duodenogas- 
tric reflux is thought to account for a syndrome known as the 
bilious vomiting syndrome. Affected dogs usually vomit early 
in the morning. Remission may be achieved by feeding the 
animal late at night. Prokinetic agents may also be employed. 


Table 


221-5 




Characleris tics of G asiric N eoplas ia in Dogs 


MOST 
COMMON AGE 
LOCATION 


MEDIAN REPORTED 

BREED 

(YEARS) PREDISPOSITION 


TUMOR 


Adenocarcinoma Pyloric 


Belgian shepherd 


10 


antrum, 

lesser 


Rough Collie 

S ta fford s h i re 
Bull terrier 

lundehund 

Beagle 

none 

none 


curvature 


Cardla 


16 


Leiomyoma 
Leiomyosarcoma 
Lymphosarcoma Diffuse 


7 


10 


discovered incidentally at necropsy or when they are presented 
lor Gl bleeding and microcytic anemia (Figure 221-15). 

Adenomatous polyps are rare in dogs but have been 
reported as cither raised, sessile or pedunculated, single or 
multiple growths in the stomach. The most common site is 
the terminal pyloric antrum and although most are discovered 
incidentally, they may also cause signs of gastrointestinal upset 
with vomiting (Figure 221-16), In humans, adenomatous 
polyps are generally regarded as possible premalignant lesions 
and changes considered foe ally malignant have been found in 
dogs. Benign GI neoplasia in the cat occurs at a much lower 
frequency than in the dog, where up to 36% of all Gl neoplasia 
is reported to be benign. 

Malignant Tumors 

Aden ocar c in o ma 

Malignant adenocarcinoma is the most common gastric 
neoplasm in dogs and accounts for 47% to 72% of all canine 








30 










GASTRIC NEOPLASIA 




Gastric neoplasia represents less than 1.0% of all reported camne 
and feline neoplasms.^ 5 Malignant tumors are more common 
than benign tumors and most types of gastric neoplasms have 
been reported to occur more frequendy in males, except 
adenomas, which occur more frequently m females.-* 5 Other 
gastric malignancies reported are leiomyosarcoma, lymphosar¬ 
coma, fibrosarcoma, rare anaplastic sarcomas, and gastric 
extra medullary plasmacytoma. Table 221-5 summarizes the 
prevalence, breed predisposition, and distribution of gastric 
tumors in dogs. 

Benign Tumors 

Benign tumors of the stomach include leiomyomas and less 
frequently, adenomatous polyps. Canine gastric leiomyoma 
is a tumor of old dogs, median age I 6 years, and many are 


Figure 221-15 An ulcerated gastric leiomyoma in the cardia 

of Ei dog. (Courtesy o\ The Ohio State University.) 
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further divided into three morphologic patterns of distribu¬ 
tion: (1) Diffusely infiltrating non-ulcerating lesions that 
involve most of the stomach and are consistent with the 
leather bottle" appearance described in man, (2) Localized 
raised thickened plaque usually containing a raised, excavating 
central ulcer, and (3) Raised, polypoid, sessile lesion project¬ 
ing into the lumen of the stomach. 

Two histologic types of gastric 


1 * 


t 


m 


I 


carcinoma 

v and intestinal or tubular type,The diffuse type consists 
of widespread random infiltrates of neoplastic cells dispersed 
between stromal elements of the gastric wall. The intestinal 
type is characterized by a tubular, glandular structure These 
same two classifications have been shown to exist in dogs with 
the diffuse type being 


n m man: 


¥ 


more common. 


Lymphosarcoma 

The most common gastrointestinal neoplasm in both cats and 
dogs is lymphosarcoma, although it most often involves 
era! segments of the intestinal tract. In canine lymphosarcoma 
(LSA) or lymphoma originating in the gastric submucosa the 
tumor type can be described as diffuse or nodular with the 
diffuse infiltrate being more common (Figure 221-18). 
Involvement of the liver, regional lymph nodes, small intes¬ 
tine, and bone marrow is common. Feline gastric lymph 
not associated with FelV infection and has been recently cat¬ 
egorized as large cell or small cell, with small cell lymphoma 
being more localized to the GI tract and camong a much 
better prognosis than large cell lymphoma. 

In both dogs and cats, lymphocytic-plasmacytic inflamma¬ 
tion has been found to precede or coexist with gastric LSA, 

sugge 


sev- 


Figure 221-16 Adenomatous polyp in the pyloric outflow tract 
of a dog, [Courtesy of University of London.) 


oma is 


, 


gastric malignancies, 
rare 




zarcinoma is extremely 
in cats, 1 he peak age of dogs with gastric carcinomas has 
been reported to be from 11 to 12 years with a range of 3 to 
13 years and an average age of 9,1 to 10 years, A breed 
predilection for gastric carcinoma in related Belgian shepherd 
dogs and rough collie and Staffordshire hull terrier has been 
suggested, although the majority of studies show 


100 


and it has been 


that lymphocytic-plasmacytie 
prelymphomatous change in the GI tract. 
The development of gastric lymphoma in response to chronic 
antigenic stimulation and inflammation i 
gastric MALT lymphoma in people with H, pylori *associated 
gastritis. Whether a similar situation is present in dogs and cats 
remains to be determined. 


. 


enteritis 


no significant 

breed predilections, Lundehunds with atrophic gastritis seem 
overrepresented, and gastric atrophy and inflammation 
precede lumorigenesis as it does in humans.™ 

Gastric carcinomas of dogs occur most commonly in the 
lesser curvature and pyloric region 


exemplified by 


is 


may 


as annular or stenosing 
lesions and metastasis is frequent with involvement of lymph 

nodes, lung, and liver (Figure 221-17). Carcinomas 


Lei o myosa rcottm 

I .ei om y osa rc om as a re si ow 
origin. The median age for of affected dogs is greater than 




growing tumors of smooth musde 
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Ultrasonography may reveal mural thickening or irregular¬ 
ities that forewarn the endoscopist the lesion may be more 
submucosal or muscular than superficial. Lympadenopathy or 
regional metasasis may be evident. 

Gastroscopy is able to efficiently detect most gastric tumors 
and has largely replaced contrast radiography. Lymphosarcoma 
is seen as a diffuse, smooth, or cobblestone-like thickening of 
the rugae with a mucosa that is pink or white and may have 
scattered petechial or etchymotic hemorrhages. Gastric card* 
nomas tend to he focal dark pink to red masses that may 
appear slightly pedunculated. Discolored purple to black areas 
indicate hemorrhage, whereas yellow to brown foci often 
represent necrotic ulcers. Jn some cases, lesions may he sub* 
mucosal and the endoscopist gets the impression that 
something is indenting the stomach or the wall seems less dis¬ 
tensible or thick. 

Several biopsy samples should be taken from suspicious 
areas and masses should be biopsied multiple times in the same 
place to get deeper into tissue as gastric tumors may have 
superficial necrosis, inflammation, and ulceration. These centers 
of ulcers and craters should be avoided, taking biopsies at the 
periphery to avoid perforation. Surgical biopsies should he 

taken where the gross endoscopic appearance does not match 

the Histologic diagnosis, such as a large focal gastric mass w ith 
an endoscopic biopsy result of lymphoplasmacytic gastritis. 

When endoscopy is not available contrast radiography may 
be useful with features of gastric neoplasia including thicken¬ 
ing of the gastric wall, filling defects and derangement of 
normal ruga! pattern, and delayed gastric emptying with 
retention and irregular pooling of barium. Surgery is then per¬ 
formed to sample the affected area, 

Tre atm e nt 

Except for lymphosarcoma, surgery is the most common form 
of treatment for gastric cancer. Resection may be curative if 
the affected area is localized or if the tumor is benign, if a 
widespread area is involved, a partial gastrectomy or antrec¬ 
tomy followed by ga strodu odenostomy [Billroth ! i may be 
attempted. However, many patients are presented at a late 
stage of disease and the lesions are often too extensive to resect. 
Gastric adenocarcinoma often metastasizes and regional 

lymph nodes and liver should be inspected and biopsied. Even 
with surgery the prognosis for malignant gastric neoplasia is 
poor, w r ith most patients dying within 6 months from recur¬ 
rent or metastatic disease. Leiomyosarcoma is an exception 
and carries a good to excellent prognosis if the mass is surgi¬ 
cally resectable. Even if gross metastasis is evident at surgery, 
a favorable outcome may be achieved because the tumor is 
slow growing. Survival in dogs with stomach, small intestinal, 
splenic, and cecal leiomyosarcoma ranges from 0 to 47 months 
after surgery and the median survival is 12.5 months. 101 

Gastrointestinal lymphosarcoma has a poor prognosis in 
dogs. 103 In cats the prognosis depends if the tumor is small or 
large cell. Small cell lymphomas achieve substantial remission 
when treated with chlorambucil and prednisolone. 100 Large cell 
lymphoma is treated w'ith combination cyclical chemotherapy 

and carries a much poorer prognosis. 


Figure 221-18 Gastric rugal thickening due to lymphoma,, 
[Courtesy of University of London.) 






10 years. Intestinal leiomyosarcoma has been found to be 
more common in female dogs and a predilection was reported 
in the German shepherd breed. However, neither breed nor 
sex predilection has been reported for gastric leiomyosar- 
coma, 

stomach, small intestine, and cecum vv'ere grouped together 
with 79% showing no evidence of metastases at surgery and 
64% survived longer than 2 weeks, 101 Invasion of the gastric 
wall by leiomyosarcomas and lymphosarcomas is often dif¬ 
fuse. These tumors may cause ulceration, grossly resembling 
a d c nocar c i n o m as or appear as discrete rn asses.' I he medi a n su r- 
vival of these dogs was 10 months (range 1 month to 7 years). Of 
the stomach/small intestine group 29% died of leiomyosarcoma 
eventually. Leiomyosarcoma and leiomyoma have been asso¬ 
ciated with paraneoplastic hypoglycemia and seizures pre¬ 
sumed due to the production of insulin-like grow th factors. 

Clinical Findings 

The most common clinical signs associated with gastric neo¬ 
plasia are chronic vomiting, weight loss, anorexia, diarrhea, and 
lematemesis, melena, or pallor if ulceration is present. Some 
dogs will also show r abdominal pain or a distended abdomen. 
With GJ lymphoma, the onset of clinical signs is often insidi¬ 
ous and gradually increases in severity, becoming refractory to 
sy m ptom atic treatm en t. 

Diagnosis 

Survey radiographs may be completely normal or suggest focal 
gastric wall thickening, an abdominal mass, or evidence of 
peritonitis, rupture of a vise us, splenomegaly, hepatomegaly, 

or lymph adenopathy- 






In one study, dogs with leiomyosarcoma of the spleen 
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CHAPTER 


Diseases of the Small Intestine 


Edward J; Ha]l 
Alexander j. German 


T he small intestine [SI) must be capable of performing 

digestive and absorptive functions while simultaneously 
protecting the body from a multitude of environmental 
threats. Thus it is the largest and most complex immunologic 
organ In the body, and armed with an understanding of its 
immunologic role, the clinician will be better able to under¬ 
stand and treat many intestinal diseases. 

Considering the complex, paradoxical roles of the small 
intestine, minor daily variations in stool quality must be 
considered normal. Diarrhea, a significant increase in the 
frequency, fluidity, or volume of feces, is the cardinal sign of SI 
malfunction. However, diarrhea may also be a manifestation 
of disease elsewhere in the gastrointestinal (GI) tract 
in other organ systems (Box 222-1). Furthermore, diarrhea is 
not present in all cases of SI disease, and many other signs of 
SI disorder are nonspecific and may be overlooked (Box 222-2). 
Nevertheless, an understanding of normal SI function, in par¬ 
ticular the small intestine's role 


surface of each epithelial cell [~20 fold) (see Figure 
222-1), Villus atrophy or even just microvilJar damage is likely 
to produce profound malabsorption and diarrhea, 
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immunologic organ, 
allows a logical approach to diagnosis and treatment. 












as an 












• « 












M 




• Lap 


J 


£ 




































■ 










■ 




♦ 
























■ 
















Achlorhydria* 

Dumping s 

-j • fci” 'i • ■ | * ■»» • m 

Pcmcreaiic disease 

Ht - ^ 

Exocrine pancreatic insu 

Pancreatitis 

Pancreatic neoplasia 

■ l *v _ J. Jr 

Liver disease 

— I - . | l — y ^ . i; - .*-» i * - 

Hepatocellular failure 
Intrahepatic and extrahepatic cholestasis 
























* 






































f- 




























5TKUC I UKt AINU KJNL IIUN 

OF THE SMALL INTESTINE 
















l ' 

t ■ 


































B' 


■ 














> 








V 






ta Lf;\ L ^ 
































*» 














11 


















Normal Structure 

Structure 

The small intestine runs from the pylorus of the stomach 
to the ileocolic valve (Figure 222-1, A ). It is divided anatomi¬ 
cally into three arbitrary segments: the proximal duodenum 
(Figure 222-2), the jejunum, and the distal ileum. 1 
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Nongastromtestinol Disease 

Polysystemic infection (e,g., distemper, leptospirosis, 
infectious canine hepatitis in 
Endocrine disease 
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Micro structure 

The small intestine is in essence a tube connected to the exter¬ 
nal environment (Figure 222-1, B). Its basic cross-sectional 

structure of serosa, muscularis, submucosa, and mucosa is pre¬ 
sent throughout (Figure 222-1, C) but varies in proportions, 
reflecting the varying functions of each region. 

The mucosa is the most clinically important layer of the intes¬ 
tine, It is responsible for secretion and absoiption and 
a barrier. It comprises the epithelium and the lamina 






dogs; F1P, FeLV, FIV in cats) 
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serves as 
p rop ria 

and is modified by gross folds and fingerlike processes, the I'iffi 
(see Figure 222-1, C), Mucosal capillaries are fenestrated; in 
conjunction with a central villus lymphatic ( lacteal ), they carry 
away protein-rich tissue fluid. Loss of epithelial integrity permits 
leakage of the protein-rich fluid and the development of 
protein-losing enteropathy (PLE). The lamina propria contains 
aggregates of lymphoid tissue and non aggregated Immunocytes 
[see Gastrointestinal Immune System), 




Renal disease 


■ 








■ 




































VM 




























m 




Uremia 




















































































* \ 






Nephrotic syndrome 
Miscellaneous 
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Autoimmune disease 
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Functional Anatomy 

Si/ryiice Area of the Small Intestine 
The surface area of the small intestine is increased almost 


v 


'Rare conditions. 

T Rare in dogs only 

A PUD, amine precursor uptake and decarboxylation tumor 
FeLV, feline leukemia virus 

FIP r feline inlertioxis peritonitis 
FIV, feline immunodeficiency virus 


600-fold, compared with that of a simple tube, by folds in the 


mucosal wall (-3 fold), cylindrical projections into the intesti¬ 
nal lumen called villi (~10 told), and microscopic 


microvilli 
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Enterocyte function dictates normal digestion and nutrient 
absorption. Function depends on the polarity of the entero- 
cyte, involving a specialized portion of the cell membrane 
on the luminal surface, the micromllar membrane (MVM). 
The MVM, also called the brush border because of its micro¬ 
scopic appearance (see Fig. 222-1, E and F) r consists of thou¬ 
sands of parallel cylindrical processes, the microvilli, bearing 
digestive enzymes and specific carrier proteins (see Figure 
222-1, F). Maximum enzyme and transport activities are 
expressed in the mid villus region. As enterocytes migrate to 
the villus tip, enzymes are cleaved from the brush border 
by bacterial and pancreatic proteases and released into the 
lumen to form the succus enteric us, which is thus not a true 
secretion. 

Enterocyte metabolism is geared toward the production of 
brush border proteins and the transfer of nutrients from the 
lumen to the blood. Basal ateral cell membranes export sodium 
from the cell via energy-dependent sodium-potassium adeno¬ 
sine triphosphatase (Na/K ATPase). Water can follow ostnoti- 
cally, or compensatory sodium influx at the luminal surface can 
drive carrier-mediated nutrient absorption. Natural inhibition 
of glycolysis in enterocytes facilitates the transfer of glucose 
from the lumen to the blood. Enterocytes can utilize ketone 
bodies, but their major energy source is glutamine. Both are 
derived from the lumen, which explains the decline in villus 
structure, epithelial integrity, and absorptive function in star¬ 
vation and anorexia and therefore the clinical importance of 
attempting to maintain enteral nutrition. 3 

Brush border enzyme activities are variable, tending to be 
highest in the proximal SI and declining in an aborad gradient. 
Digestive enzymes, especially disaccharidases and transport 
proteins, may be inducible in response to the composition of 
the diet. This has been shown in dogs 4 but not in cats, 5 per¬ 
haps reflecting the carnivorous nature of cats. A sudden 
change in diet in dogs may cause diarrhea through transient 
intolerance until either existing enterocytes upregulate 
expression of specific enzymes and carriers or new enterocytes 
expressing induced proteins differentiate, thus rendering the 
diarrhea self-limiting. 

Digestion 

Major dietary constituents must be hydrolyzed from their initial 
polymeric structure to monomers to be transported across the 
MVM. This is largely achieved in the SI by bile salts and luminal 
enzymes. The intestine provides the optimum environment in 
terms of solute, temperature, and pH. Most enzymes are 
secreted by the pancreas, and exocrine pancreatic insufficiency 
(EPI) is a major cause of malabsorption. Normally only terminal 
digestion is performed by MVM enzymes; the reserve capacity 
called into function after significant intestinal resection probably 
represents both increases in brush border protein expression and 
compensatory hypertrophy of the remaining tissue (see Short 
Bowel Syndrome]. 

Lactose is found almost exclusively in dairy products, and 
its hydrolysis by brush border lactase is most important in the 
nursing animal. At weaning, activities of lactase decline, espe¬ 
cially in cats, 5 and animals may become lactose intolerant, 
although congenital lactase deficiency has not been demon¬ 
strated in dogs or cats. 

Absorption 

Digested nutrients are 
mucosal barrier and then via the lymphatics or bloodstream. 
Uptake can occur by passive diffusion or by active or facili¬ 
tated carrier-mediated transport. Receptor-mediated endocy- 
tosis enables the uptake of small amounts of a specific intact 
nutrient, such as cobalamin, Endocytosis of small, antigenic 
peptides is of no nutritional significance but is crucial to the 
mucosal immune response. 
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Clinical Signs of SmaM Intestitial Disease 


Primary Sign 

Diarrhea (increase in frequency, volume, and consistency 

1 — - HI i I l , i, 1 ^ LI j a - 1 ** ■ J 

of bowel movements) 


rr- 


Secondary Signs 

Vomiting 

Weight loss and/or failure to thrive 

Hematemesls 

Melena 

Altered appetite (inappetence/onorexia) 
Polyphagia, coprophag ia, pica 
Abdominal discomfort, pain 
Abdominal distension 
Borborygmi and flatus 
Halitosis 
Dehydration 
Polydipsia 
Ascites and edema 

Shock 


Crypt- Villus Unit - - 

A villus and its associated crypts comprise the functional unit 
of the small intestine (see Figure 222-1, D). Crypts continually 
produce undifferentiated epithelial cells, mainly enterocytes. 
After further division of daughter cells as they pass up the 
crypt, cells undergo a final division before differentiating into 
immature enterocytes. 

Mucosal Epithelial Cells 

The intestinal surface is covered by an epithelial cell mono- 
layer Enterocytes predominate, interspersed mainly with 
mucus-secreting goblet cells. The epithelial basement mem¬ 
brane is permeable to nutrients, and by expressing glycopro¬ 
teins, called laminins, it promotes enterocyte adhesion, 
growth, polarization, and differentiation through interaction 

with integrins expressed by enterocytes. 

Crypt cells have a potent secretory capacity. However, as 
enterocytes migrate to the villus tip, maturation involves loss 
of secretory activity and the development of digestive and 
absorptive properties. The duration of migration from crypt to 
villus tip is 3 to 5 days in dogs and cats. The majority of ente¬ 
rocytes are exfoliated at the tips of the villi. 

Goblet cell density in the mucosa varies, being highest in 
the ileum. The cells secrete protective mucus and novel trefoil 
peptides, which act as growth factors. Endocrine- and paracrine- 
secreting epithelial cells, as well as transforming growth factors 

a: and [3 i i GFa) and epidermal growth factor (EGF), have 
important trophic activities. Receptors for EGF on the luminal 
and basolateral surfaces of enterocytes suggest they respond 
both to blood-bo me EGF and to luminal EGF secreted from 
salivary and pancreatic tissue or delivered in milk. 

Enterocytes 

The mucosal barrier is formed by the intestinal epithelium; 
tight junctions encircle the lateral aspects of enterocytes, 
excluding antigens and bacteria. Effete enterocytes are shed 
from the villus tip (see Figure 222-1, D), but the integrity of 
the tight junctions is probably loosest in the crypts, where 
fluid secretion occurs. 
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Figure 


-2 Video-endoscopic appearance of the tipper small intestine. A, Major and minor 
duodenal papillae in a normal canine duodenum. R r Peyer's patches on the antimesenteric side of 
the duodenum, appearing as a line of mucosal depressions. 




















Carbohydrate Absorption 

Glucose is transported across the MVM with energy expendi¬ 
ture by the basolateral Na/K ATPase on the sodium-glucose 
cotransporter protein SGLT 1 .The glucose transporter GLUT 
? on the MVM allows facilitated diffusion of fructose and D- 
xylose. Fructose uptake in cats is low, which perhaps explains 
why the xylose absorption test is unhelpful in cats. GLUT 2 
on the base lateral membrane of enterocytes shuttles glucose, 

galactose, and fructose out of the enterocyte by facilitated diT 
fusi on. 

Protein Absorption 
L-a mi no acids 

sodium-linked active transport. 

Lipid Absorption 

The products of fat digestion are absorbed by passive diffusion 
Irom mixed micelles. Hie limiting factor, assuming normal 


pancreatic function, is the intestinal surface 
atrophy is likely to cause fat malabsorption, 

fat-Soluble Vitamins 

Vitamins A, D r E, and K are solubilized in mixed micelles 
before passive diffusion across the brush border. Fat malab¬ 
sorption associated with inadequate amounts of bile salts (t 
biliary obstruction), lymphangiectasia, or severe villus atrophy 
may result in vitamin deficiency. 

Wa ter-So luble Vita mi ns 

Water-soluble B vitamins are absorbed by a variety of passive, 
facilitated, and active mechanisms. The absorptive mechanisms 
for folic acid and vitamin R|? are complex (Figure 222-3, /l) and 
important clinically because they may be helpful in determining 
the site and nature of the intestinal disease [Figure 222-3, B). 

Folic acid is absorbed in the proximal SI through a carrier- 
mediated process at low luminal concentrations. Cobatamin 
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Figute 222-1 Functional anatomy of the small intestine. A, Anatomic arrangement of the small 
intestine. R t The small intestine is basically a tube with a serosal surface covered by visceral peri¬ 
toneum and an inner absorptive and digestive surface, the mucosa. C r Beneath the outer serosa, 
longitudinal and circular muscle layers produce peristaltic and segmental contractions for pro¬ 
pelling and mixing the luminal con tents. Tli e submucosa is rich in blood and lymphatic vessels. The 
mucosa comprises the thin muscularis mucosa, the lamina propria, and the columnar epithelium; 
it is thrown into folds and is covered by fingerlike villi to increase the digestive and absorptive sur¬ 
face area. D, Enterocytes, which are shed from the villus tip hut are continually replaced through 
division of crypt cells, are the site of nutrient digestion and absorption. Goblet ceils secrete pro¬ 
tective mucus Water-soluble nutrients pass into the rich capillary network of the lamina propria, 
and fat is passed as chylomicrons into t_he lactcals. linmuriocvtps in the lamina propria are 
in maintaining tolerance to luminal antigens, E,The luminal membrane of the enterocyte is thrown 
into processes called microinlti, which increase the luminal surfa 


is 


















i n v o I ved 








area. Tight junctions between 
enterocytes maintain epithelial integrity. Absorbed nutrients are passed from the enterocyte into 

the intercellular space for distribution to the body, F r A schematic representation of a microvillus 
showing digestive hydrolases anchored in the phospholipid cell membrane and protruding into the 
intestinal lumen. Carrier proteins in the membrane are believed to act as "pores," shuttling nutri¬ 
ents across the membrane by means of conformational changes in their structure often induced 
by sodium influx at the expense of energy utilization through Na/K ATPase on the basolateral 

(From Hall ET Small intestinal disease. In Gorman NT (ed): Canine Medicine and 

Therapeutics, 4th ed Blackwell Science, Oxford, 1998. 
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Figure 222*3 Diagrammatic representation of the absorption of folate and cobalamin A, In 

normal intestine, folate is absorbed in the proximal SI by means of carrier-mediated diffusion, and 
cobalamin is absorbed in the ileum through receptor-mediated endocytosis. B, In diseased intes¬ 
tine, proximal and distal mucosa! damage causes folate and cobalamin malabsorption, respectively 
bacterial overgrowth may cause an increase in folate uptake because of bacterial folate synthesis 

and a decrease in cobalamin uptake because of bacterial binding. 


* 


[vitamin B ]2 ) is absorbed by means of receptor-mediated 
endocytosis in the ileum, in a complex process that permits 
intact cobalamin absorption and exclusion of potentially 
harmful analogs. Intrinsic factor (IF) promotes cobalamin 
absorption in the ileum; IF-bound cobalamin passes to the 
ileum, where the complex binds specific receptors and under¬ 
goes endocytosis. The source of IF is the stomach and pancreas 
in dogs and solely the pancreas in cats. 6 7 Cats and dogs have 
less capacity to store cobalamin than do humans, and severe 

cobalamin malabsorption can deplete the vitamin's stores in 
cats and dogs within a month. 


40 minutes), and migrating myoelectric complexes (MMCs) 
(4 to 8 minutes) is repeated approximately every 3 hours. 10 
The short MMC phase is a period of intense contractile activ¬ 
ity that sweeps undigested food, secretions, desquamated 
cells, and bacteria down the intestine. This process is known as 
the "intestinal housekeeper' 1 wave and is induced by motilin 
secretion. The pattern of intestinal motility in cats is different, 
but a migrating spike complex correlates with the MMC 
In the fed state, the pattern of motility is most similar to 
phase two fasting motility. Its duration is determined by the 
nature of the diet, with fats and fiber prolonging it. Segmental 
contractions slow intestinal transit and ensure mixing and 
digestion of nutrients, and peristalsis propels ingests. Reduced 
segmental motility may lead to rapid transit, and decreased 
peristalsis delays transit, conditions manifesting clinically 
diarrhea and ileus, respectively. 

Fluid Balance 

The ability of the intestine to absorb fluid and electrolyt 
varies according to the site, with water absorption becoming 
increasingly efficient distaUy. The net amount of fluid and 

electrolytes in the G1 tract reflects a balance between absorp¬ 
tion and secretion, with net absorption in health. 


Intestinal Motility 

Slow wave motion and segmental and peristaltic contractions 
of the SI are generated by the co-ordinated contraction of 
smooth muscle in response to spontaneous electrical activity 
modulated by co-ordinated neurohumoral and neurochemical 
molecules , s Many of these neurohumoral and neurochemkal 
molecules are also involved in the regulation of intestinal 
secretion and absorption and the mucosal immune response. 9 

Intestinal motility in the fasted state in dogs is character¬ 
ized by three phases. A cycle comprising a quiescent phase 
(lasting about 1 hour) 


as 


c on tractile a c t j vity (15 


minor 
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Intestinal Secretion 

Intestinal secretion, a function of villus crypt cells, is believed 
to occur by clectrogenic transport of chloride across the baso- 
lateral membrane into the enterocyte and by chloride efflux 
through chloride channels in the MVM. Passive flux of water 
follows chloride secretion into the intestinal lumen. 

Absorption 

In a ZO-kg dog, approximately 2,7 L of fluid (oral intake, 
stomach juice, saliva, pancreatic juice, bile, and SI secretion) is 
presented to the SI each day. The jejunum absorbs 50%, the 
ileum, 75%, and the colon, 90% of the fluid volume presented 
to it, leaving 0.05 L in feces. 11 This gradient in absorptive ability 
is a function of enterocyte pore size, membrane potential 
difference, and the type of transport processes associated with 
each intestinal segment 12 The site of the enterocyte on the 
vjllus is also important; villus enterocytes absorb, whereas crypt 
cells secrete. 

The absorption of water is passive and follows transport of 
solutes across the G1 epithelium by one of three processes: 
passive absorption, active absorption, or solvent drag. 

Jejunum Because the jejunum is highly permeable, passive 
transport provides the major contribution to sodium (Na) and 
chloride (Cl) movement in this segment. 

Ileum In the ileum, sodium is absorbed predominantly 
through neutral NaCl absorption. 

Colon Colonic absorption is important in SI disease, 
because it compensates for fluid losses. Furthermore, patients 
with SI disease may present w ith signs of large intestinal (LI) 
dysfunction, because the colonic reserve capacity may be over¬ 
whelmed, In addition, products from the SI, such as hydroxy- 
lated fatty acids and deconjugated bile acids, stimulate colonic 
secretion. 

Control of the Absorption and Secretion of Water 
and Electrolytes 

Fluid balance is largely an autonomous process regulated by 
the neurocrine systems in the submucosal plexus. 12 Vasoactive 
intestinal polypeptide (VIP) and acetylcholine are major 
mediators of secretion; at the cellular level they increase intra¬ 
cellular calcium and cyclic adenosine monophosphate 
(cAMP), inhibit neutral sodium and chloride absorption, and 
facilitate transcellular chloride efflux. Many bacterial agents 
exert diarrheogenic effects by increasing intraenterocytic 
cAMP, The principal regulators of absorption—noradrenaline, 
somatostatin, and opioids—lower intracellular cAMP and cal¬ 
cium concentrations and stimulate neutral NaCl absorption 
and thereby can have therapeutic antidiarrheal effects. 

Bacterial Flora 

The normal SI bacterial flora is a diverse mixture of aerobic, 
anaerobic, and facultatively anaerobic bacteria. Common 
aerobes include Staphylococcus spp,, Streptococcus spp., 
Enterobacteriaceae, Escherichia coli t Bacillus spp,, Proteus spp., 
Pasteurella spp., Corynebacterium spp., Lactobacillus spp., and 
Enterococcus spp. Frequent anaerobes are Clostridium spp. and 
Bacteroides spp. 

The flora increases in number from duodenum to colon. 
Factors maintaining this aboral gradient are luminal patency, 
motility, substrate availability, bacteriostatic and bacteriocidal 
secretions (e g., gastric acid, bile, and pancreatic secretions), 
and an intact ileocolic valve. Abnormalities or dysfunction of 
any of these factors may lead to quantitative or qualitative 
abnormalities in the flora. 

Quantitative bacteriology performed on samples of undi¬ 
luted intestinal juice has revealed bacterial counts in healthy 


cats range from 10 2 to 10 a colony-forming units (CFU) per 
milliliter of total bacteria in the proximal small intestine. 1314 
These numbers are considerably higher than the less than I O5 
CFU/mL reported in healthy humans and subsequently 
extrapolated to dogs. However, no consensus exists as to what 
constitutes a normal SI flora count in healthy dogs; some stud¬ 
ies suggest that the proximal SI of healthy dogs can harbor up 
to 10 9 CFU/mL total bacteria. 15 Therefore the cutoff for normal 
flora in dogs and cats cannot be extrapolated from humans, and 
descriptions of small intestinal bacterial overgrowth (SIBO) in 
dogs using the cutoff value of 10 5 may be spurious. 15 

The resident bacterial flora is an integral part of the healthy 
SI and influences a wide variety of parameters, such as villus 
size, enterocyte turnover, brush border enzyme turnover, and 
intestinal motility. The digestion and assimilation of fats, car¬ 
bohydrates, proteins, amino acids (e.g., taurine), and vitamins 
(eg,, cobalamin and folate) are also affected by bacteria. 

The presence of a stable enteric flora is important for pre¬ 
venting colonization by pathogens; it also stimulates the devel¬ 
opment of the enteric immune system. The host response to 
a bacterium is likely to be as important as the intrinsic 
pathogenicity of the organism. Loss of tolerance to the normal 

bacterial flora may precipitate intestinal inflammation, abnor¬ 
mal intestinal function, and perhaps even neoplasia. Inability 
to tolerate a normal bacterial flora may explain antibiotic- 
responsive enteropathy in German shepherd dogs (see Small 
Intestinal Bacterial Overgrowth), 

The SI flora is relatively resistant to dietary changes. 
Studies using different diets or the addition of fructo-oligosac- 
charides to the diet have failed to demonstrate significant 
effects on the number or type of bacteria in the proximal SI 
of dogs, 1617 but some effects have been seen on the colonic 
flora in cats. ]S Given the intimate inter-relationship of a healthy 
intestine w r ith its flora, indiscriminate use of anti-biotics in 
dogs and cats w ith diarrhea or gastroenteritis is ill-advised and 
may enhance antibiotic resistance. Although the consequences 
of inappropriate antibiotic therapy are often mild and self- 
limiting, postantibiotic salmonellosis has had fatal consequences 
in cats. 19 


Gastrointestinal Immune System 

The SI mucosa has a general barrier function (Box 222-3); 
however, it must also generate a protective immune response 
against pathogens while remaining "tolerant" of harmless envi¬ 
ronmental antigens such as commensal bacteria and food. 
Despite recent advances in our understanding of the structure 
of and interactions in the immune system, it is still unclear 
w r hat prompts the SI to respond to or to become tolerant of 
a particular antigen. 
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Box 




Components of the Intestinal Mucosal Barrier 


Protein denoturation by gastric acid 
Protein degradation by proteolytic enzymes 
and bacteria 

Clearance of waste by peristalsis 
Unstirred water layer 
Surface mucous layer 
Secretory IgA 

Enterocyte microvillus membrane 
Epithelial tight junctions 
Mucosal-associated lymphoid tissue 
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Structure of the Mucosal Immune System 
The gut-assodated lymphoid tissue [GALT] consists of induc¬ 
tive and effector sites3° Inductive sites comprise Peyers 
patches (PPs), isolated lymphoid follicles, and the mesenteric 
lymph nodes (MLNs); effector sites comprise the intestinal 
lamina propria [LP) and epithelium. Such a distinction is not 

absolute, however, and the functions of these different sites 
overlap. 

The FPs are the main sites of induction of the immune 
response and may also function as sites of B-lymphocyte devel¬ 
opment, The PP consists of an overlying follicle-associated 
epithelium (FAE), a subepithdial dome (SED), multiple 

B-cell follicles, and interfollicular regions. Within the FAE is a 

specialized population of antigen transport cells [microfold 

cells or M cells], which act as portals through which the 

underlying immune cells receive antigen. The MLNs receive 

afferent lymph from the intestine and are also important in 
the generation of immune 


Other immune cells Macrophages are present in the PP 
and LP, Their functions include phagocytosis, antigen presen¬ 
tation, and immunoregulatory roles. They secrete cytokines, 
chemokines, and inflammatory mediators, including tumor 
necrosis factor-ct (TNF-ot), eicosanoids, and leukotrienes. 
Neutrophils are present in small numbers, although their 
numbers increase with mucosal inflammation. Both mast cells 
[MCs] and eosinophils can be found in the LP; they also 
actively produce chemical mediators (e g., histamine, heparin, 
eicosanoids, and cytokines]. Mast cells express the high - affinity 
IgE receptor (FceRJ], which can bind IgE, causing MC degranu¬ 
lation and release of inflammatory mediators, 29 In dogs, 
eosinophils are a prominent population in the LP, especially in 
the crypts. Eosinophils- 2 may have proin flam mat ory roles, espe¬ 
cially in allergic processes, because they are a rich source of 
proinflammatoiy mediators, cytokines, and chemokines. 29 

Triangular cross-talk may occur among eosinophils, MCs and 
T cells. 


responses. 

J he LP consists of a matrix of connective tissue with a 
prominent immune cell component. A large leukocyte popu¬ 
lation, composed principally of lymphocytes [intraepithelial 
lymphocytes [IELs]], also exists between 


Enterocytes In addition to absorptive functions, entero- 
cytes have important immune functions. First, they 
important component of the mucosal barrier, controlling 
uptake of antigens. Second, they may be capable of antigen 
presentation, through expression of MHC 11 and nonclassical 
antigen-presenting molecules. In dogs, MHC II is expressed by 
enterocytes, most abundantly in crypt epithelium. 29 In con¬ 
trast, MHC II is largely absent from the intestinal epithelium 
of cats, except in regions adjacent to Peyer's patches. & Third, 
enterocytes can produce inflammatory mediators, chemokines, 
and cytokines and may regulate immune responses in both 
epithelial and LP compartments. Cross-talk between 

cytes and IELs may also occur through cell to cell interactions 
(e.g., between E-cadherin expressed 
integrin alpha/beta;, expressed by IEL). 30 


are an 


„ enterocytes. 

Accumulating evidence indicates that cross-talk (two-way 

immunoregulatory signals mediated by cytokines and adhesion 
molecules] occurs between IELs and enterocytes. 21 


Cells and Molecules of the Mucosal Immune System 

Lymphocytes B lymphocytes are present in the Peyer’s 
patches and the lamina propria. In the PPs they are found pre¬ 
dominantly in follicular regions. In the LP, B cells are largely 
represented by plasma cells, mostly of the IgA isotype. Most 
plasma cells are present around the intestinal crypts, and the 
numbers vary along the length of the small intestine ? 2 

In the SI, most T lymphocytes are of the conventional 
alpha/beta type, 23 An evolutionarily older (gamma/de 1 ta) 
T-cell population also exists and Is considered a primitive 
first-line defense. 23 T lymphocytes can he further subdivided 
on the basis of expression of cell surface markers, in particular 
CD4 and CDS molecules. CD4+ T cells [classical "helper" 
T cells] recognize antigenic peptide presented by major histo¬ 
compatibility complex class 11 (MHC II) molecules, whereas 
CD8+T cells (usually cytotoxic cells) are MHC class I restricted. 

In the canine LP, T cells are most numerous in the upper 
villus regions and are mostly the alpha/beta, GD4+ pheno- 
type 22-24 However, in the feline LP, CD8+T cells outnumber 

the CD4+ population. 25 Most LP lymphocytes are highly dif- 

fi. rentiatedp which implies that they receive continuous antigenic 

and mitogenic stimulation, probably from the endog 
microbial flora. 

The T cells in the intestinal epithelium (i,e., IELs) are 
heterogeneous population; most are GD8+ ceils, which 
he of either the alpha/beta 


entero- 


the enterocyte and the 


on 


Enteric neurons The Sf also contains 


well-dev el oped 

nervous system with extensive ramification in both inductive 
and effector sites. 31 These neurons can release ixnmunoactive 
neuropeptides (including substance P and VIP), which 
cause neurogenic inflammation. Bidirectional 


can 

communication 

may also exist, in which release of mediators by immune cells 
[e.g., mast cells) can generate axon reflexes and thereby perhaps 
modulate intestinal motility, secretion, and absorption. 


Cytokines A large array of cytokines is present in the SI, 
and these cells can be grouped into proinflammatory, 
immunoregulatory, and chemokinetic types, 32 CD4+ T cells 

major cytokine-producing cell population. Different 
CD4+T-cell populations have different patterns of cytokine 
secretion and can differentially regulate distinct arms of the 

system (eg., humoral and cell mediated). In vitro, 
two principal populations of CD4+ T cells exist; a T helper 1 
(Thl) population (which produces interleukin-2 [IL-2], inter- 
feron-y [IFN-y], and TNF-ff), and a T helper 2 (Th2) popula¬ 
tion (which produces JL-4, 1L-5, IL-6 and IL-10). 33 Other 
populations with down regulatory functions also have been 
identified, which predominantly secrete TGF-p or IL-10. 34 

Many other cell types also may produce cytokines see above) 
and, consequently, an overall cytokine "milieu," which deter¬ 
mines the predominant type of immune response that devel¬ 
ops, is created. 


enous 


are a 


may 

the gamma/delta phenotype, 
depending on the species. Known functions of IELs include 
cytolytic activity and cytokine production, which suggests 
that these cells play roles in epithelial surveillance and the 
maintenance of mucosal immune homeostasis. 


immune 


or 


Dendritic cells Dendritic cells (DCs) function predomi¬ 
nantly as antigen-presenting cells and can be found in both 
inductive (PP) and effector (LP) tissues. In effector tissues 
their main function is antigen sampling, w r hereas in inductive 
sites they are responsible for generating acquired Immune 
responses. Follicular dendritic cells (FDCs) are a unique popu¬ 
lation of cells 26 that take up and store antigen to provide 
continued stimulation to memory B cells. Immature DCs can 
efficiently acquire and process antigen but cannot present it 
or initiate immune responses, 27 Conversely, mature DCs cannot 
take up or process antigen but are efficient at antigen 

tation and lymphocyte stimulation. 27 


Homing of Lymphocytes in Gut-Associated 
Lymphoid Tissue 

To mount an effective immune response, lymphocytes must traf¬ 
fic between the inductive and the effector sites. Such homing 
pathways are mediated by complex leukocyte-endothelial inter¬ 
actions. Those governing recirculation to mucosal tissues 
distinct from systemic tissues* 35 because differential 


presen- 


are 


expression 
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Figure 222-4 Diagrammatic representation of the 
M cells in a Peyer's patch sampling luminal antigen, presentation of the antigen to the associated 

lymphoid tissue, priming of B and T cells, and their circulation to the lamina propria, with subse¬ 
quent IgA secretion. 


cosal-associated lymphoid tissue, showing 


mu 


then is transported to macrophages and dendritic cells in the 
subepithelial dome (Figure 222-4). Macrophages and DCs act 
antigen ^presenting cells (APCs), presenting antigen, in the 
context of MHC II molecules, to lymphocytes (Figure 222-5). 


f homing receptors (addressing) determines the specificity of 
homing. Virtually all naive mucosal lymphocytes can home to 
the PPs, MLNs, and other nodes in the body. In contrast, 
mucosal memory lymphocytes home preferentially to effector 

sites in the GALT 

Tissue migration of cells from the blood vessel is a multi- 

number of molecular interactions. 


o 


as 


Antigen-presenting celt 

r-v /Macrophage 


stage process involving 
The most important interaction for mucosal lymphocytes 

occurs between alpha 4 /beta 7 on the lymphocyte and mucosal 

addressin cell adhesion molecule-1 (MAdGAM-1) on the 

endothelial cell. 23 

Inflammation causes increased activation of both lympho¬ 
cytes and endothelial cells, which alters the expression of both 
homing receptors and vascular addressins. Enhanced expres¬ 
sion of MAdCAM-1 leads to increased recruitment of specific 
mucosal lymphocytes, whereas expression of other vascular 
addressins (e.g., E-selectin, F-selectin and peripheral node 
addressin) can lead to recruitment of a broader range of lym¬ 
phocyte specificities. 36 

A final factor important to the homing of lymphocytes is 
the chemokines and their receptors. 3 Because chemokine 
receptors can be selectively expressed on different CD4+ T cell 
subsets (Thl versus Th 2), the chemokine milieu of a particular 
tissue determines which F-helper cell types (and which other 
immune cell subsets) are recruited. 
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Figure 222-5 Activation of mucosal CD4+ T cells by antigen 

presentation in association with major histocompatibility com¬ 
plex (MHC) class 11 molecules; the result is either clonal expan¬ 
sion into memory and effector cells or apoptosis, depending on 
the synthesis of interleukin-2 receptor (IL-2R) and TL-2, CD8+ T 

cells are activated by antigen presentation in association with 

MHC class I molecules and, under the influence of CD4+ T 

cell-derived cytokines, develop into intraepithelial lymphocytes. 
y5T cells also form a part of the intraepithelial cell compartment. 


Acquired Immune Responses of Gut-Associated 
Lymphoid Tissue 

Acquired immune responses develop after a series of steps 
involving antigen uptake, presentation to naive lymphocytes, 
costimulation by helper colls, clonal expansion, homing to effec¬ 
tor sites, and performance of effector functions. The specific 
mechanisms involved are described in detail elsewhere. 38 

Antigen uptake and presentation Most antigen uptake 

through the M cells of the Peyer's patches; the antigen 


occurs 
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Enterocytes may also be capable of taking up antigen and 
presenting it to T cells. 


The CD4+ a/p T-cell subsets that mediate active 


suppres¬ 
sion either produce downregulatory cytokines (e.g„ TGF-p 

IL-10)34,40 or achieve their effect through cell to cell interac¬ 
tions (e.g*, through CD25+, IL-2 receptor). However, any cell 
capable of producing similar cytokine profiles could play a 
role and therefore tolerance could arise from the effects of 
CD8+ T cells, macrophages, stromal ceils, and enterocytes. 
Furthermore, because TGF-p and IL-10 are also important in 
IgA production, generation of mucosal tolerance potentially 
could occur in parallel to specific IgA responses, which help 
maintain tolerance through immune exclusion. 


or 


B-cell responses The primary function of the B lymphoid 
lineage is generation of humoral immune responses, and the 
synthesis of IgA predominates in the intestinal mucosa* In the 
PF follicles, antigen on the surface of DCs stimulates B cells 
through the B-cell receptors [secretory immunoglobulin M 
[slgM] and immunoglobulin D [IgD]), Costimulation to B cells 
is provided by CD4+ T cells, which enables the B cells to 

undergo clonal expansion. During the process of B-cell devel¬ 
opment, a switch occurs such that the effector cells 
ble of producing 


to 


are capa- 

single immunoglobulin class [e.g,, IgG, IgE, 
and IgA). The switching process is assisted by CD4 T-helper c ells, 
which produce cytokines such as TGF-p, IL-4, and JFN-y (for 
IgA, IgE, and IgG switching, respectively). 

After class switching, B cells undergo further expansion 
and then traffic to effector sites to differentiate terminally Into 
plasma cells. After synthesis, IgA (and to a lesser extent IgM) 
is released and then transported into the intestinal lumen by 
the polymeric immunoglobulin receptor [plgR) on the ente¬ 
rocytes. 39 This complex passes through the enterocyte and is 
delivered across the microvillar membrane. On the luminal 
surface, the extracellular fragment of the plgR is cleaved, 
forming secretory component (SC), which associates with plgA 
and protects it from degradation in the intestinal lumen* The 
main function of slgA is immune exclusion; that is, to bind its 
respective antigen and neutralize it. Immune exclusion limits 
the amount of antigen absorbed into the intestinal mucosa 
and thus the amount available to stimulate active immune 
responses* This helps maintain tolerance (see below) and pro¬ 
tects the mucosa from antigen invasion. 

Responses to parasites also occur through generation of 
antigen-specific plasma cells. These cells, found in the mesen¬ 
teric lymph nodes, produce IgE that binds to the FceRI on 
mucosal mast cells. When subsequently exposed to antigen, 
MC degranulation occurs and the associated parasite is 
expelled* Inappropriate IgE responses to food antigens also 

can be generated, providing a potential mechanism for food 
a llergy. 


Mucosal Immune System Response or Tolerance 
As mentioned previously, the mucosal immune system is 
prompted either to generate specific immune responses (e.g , 
toward a pathogen) or to remain tolerant (eg*, to commensal 
bacteria or food components). The best current hypothesis for 
the determination of w r hich effect occurs is the "danger theory," 41 
which is based on the supposition that the type of response 
depends on the context in which the antigen is presented. 
The normal intestinal mucosa has an intact mucosal barrier 

environment dominated by downregulatory cytokines 
(e.g., IL-10 and TGF-p), Therefore most immune responses 
that develop are tolerance responses. Furthermore, the same 
cytokine milieu encourages IgA responses, which limit mucosal 
antigen exposure through immune exclusion. 

However, w r hen the mucosa is invaded by a pathogen 
toxin, cell damage leads to the release of "danger signals," such 
inflammatory mediators (e.g., prostaglandins, Ieukotrienes), 
proinfiammatory cytokines (e g., IL-1,1L-6, and TNF-a), and 
chemokines (e.g,, IL-8). In this altered environment, the 
nature of the immune response generated changes from toler- 

active immune response. This active response can be 
either Till dominated (e.g*, cytotoxicity and IgG responses) or 
lh2 dominated (i.e., IGE responses), The powerful responses 
that develop aim to eliminate the pathogen completely, but 
the potential for bystander damage to host cells is great. 

If the antigenic challenge is contained, the danger signals 
diminish, the mucosa enters a repair phase, and the normal 
tolerogenic" environment returns* However, if the danger 
persists, either because the mucosal barrier remains breached 
and the pathogenic insult continues unabated or because of an 
inherent abnormality in the GALT, a state of chronic inflam¬ 
mation ensues. This may also lead to a breakdown in tolerance 
to harmless environmental antigens (food components and 
commensal bacteria) and inflammation. Chronic inflamma¬ 
tion ultimately leads to histopathologic changes, wdiich 
similar regardless of the inciting 


and an 


or 


as 


ance to an 


Cytotoxic lymphocyte responses Cytotoxic lymphocyte 
(CTL) responses are present in the SI mucosa, and their main 
function is to remove tumor cells or cells infected with intra¬ 
cellular bacteria, viruses, or parasites. CD8+ alpha/beta T cells, 
the main cytotoxic cells, are generated in a manner similar to 
B cells except that the former are found In interfollicular 
regions. Again, help Is provided by CD4+ T cells, under 
the influence of cytokines such as IFN-y* CD4+ cells them¬ 
selves can participate in cytotoxicity, and y/8 lELs may also be 
cytotoxic. 


are 


cause. 


PATHOPHYSIOLOGIC MECHANISMS 
IN INTESTINAL DISEASE 


Mu cosal Tolerance 

The above descriptions relate to specific immune responses to 

pathogens, but such responses are the exception rather than 

the rule, and the default mucosal response to antigens is tol¬ 
erance. This is not 


Motility Disorders 

Alterations of intestinal motility as a primary cause of diar¬ 
rhea have not yet been w r ell characterized. 4 ^ Irritable bowel 
syndrome may be associated w f ith altered intestinal motility 
(see below). Secondary alterations in motility often occur, 
such as with intestinal obstruction, pseudo-obstruct!on, ady* 
namic ileus, or Inflammatory or infectious enteropathies. In 
malabsorption conditions, unabsorbed solutes decrease transit 
time because osmotically retained fluid causes intestinal dis¬ 
tension and hypermotility* Hyperthyroidism decreases transit 
time in cats and causes diarrhea. Rapid w r aves of contractions 
have been demonstrated in enterotoxigenic diarrhea. 

However, in most instances diarrhea is actually associated 
with intestinal hypomotiLty. Abnormal dilatation of the 
tine caused by hypombti] ity or obstruction is known as ileus. 
Adynamic ileus is a transient and reversible functional obstruction 


surprising, given that the majority of lumi¬ 
nal antigens are derived from innocent dietary components 
endogenous microfiora. Generation of 

responses to such ubiquitous molecules is both wasteful and 
potentially harmful, because it could lead to uncontrolled 
inflammation. Although the mechanisms by w T hich mucosal 
tolerance actually occurs have been well characterized, the 
fundamental question of what prompts GALT tolerance 
immune response remains unresolved. 

Mucosal tolerance can result either from anergy/deletion 
(apoptosis) of antigen-specific T cells or from active suppres¬ 
sion by antigen-specific suppressor cells (secreting dowm regu¬ 
latory cytokines, including IL-IG and TGF-P ); 40 


or 


active immune 


or an 


intes- 
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not decrease. However, a significant effect still is exerted on 
the digestive and absorptive ability of the SI, because prema¬ 
turely lost mature enterocytes are replaced by immature, sub- 
optimally functioning enterocytes. If enterocyte loss outpaces 
increased proliferation, villus atrophy results* II the initiating 

be removed, villus atrophy is completely reversible. 
Cytotoxic drugs (e.g., vincristine) and parvovirus infection 
(which cause crypt arrest and destruction, respectively) can 
be devastating, causing complete villus and crypt collapse. 
However, assuming some stem cells survive the insult, regen¬ 
eration is possible, although it is likely to take several days. 

Enteroctye Dysfunction 

Even if enterocytes are only damaged, the loss of brush border 
proteins still is often clinically important. Interference with 
enterocyte function can occur without histologic damage 
through the action of various bacterial secretions. Malnutrition 
and ischemia also impair function and increase epithelial 

permeability. 




B 


Causes of Ileus 


Physical 

Intestinal obstruction 
Overdistention by aerophagia 


cause can 


Neuromuscular 

Anticholinergic drugs 
Dys auto no mi a 
Spinal cord injury 
Visceral myopathies 


Metabolic 

Hypokalemia 

Uremia 

Endotoxemia 


Microvillar Membrane Damage 

The MVM is dearly damaged when overt histologic villus 
damage can be seen, but even without light microscopic 
changes, massive impairment of mucosal function can 
if the microvilli are damaged. Such damage is seen with 
enteropathogenic Escherichia colt infection or lectins, which 

d brush border enzymes and 

carriers. Bacterial overgrowth is associated with subtle but spe¬ 
cific damage to the membrane. Obligate anaerobes are very 
effective at degrading membrane glycoproteins or releasing 

brush border enzymes. 44 


Functional 

Abdominal surgery 
Ischemia 

Inflammatory causes 
Peritonitis 
Pancreatitis 
Parvovirus * 


occur 


cause a loss of surface area an 


Brush Border Membrane Disease 

Primary brush border membrane diseases 
abnormalities that occur in the absence of histologic damage. 
They are well characterized in humans, but equivalent defects 
in dogs and cats have rarely been demonstrated* Relative 
lactase deficiency does occur in dogs and particularly in cats. 5 
Defects In ileal cobalamin-intrinsic factor complex uptake 
have been documented in giant schnauzers, collies, and beagles, 
resulting in cobalamin deficiency with consequent methyl¬ 
malonic aciduria. 45 Clinical signs include inappetence, failure 

to thrive, neutropenia, and anemia. 

Mucosal Barrier Disruption 

The mucosal barrier is crucial in maintaining oral tolerance and 
excluding pathogens. In animal models, malnutrition results in 
villus atrophy with Increased transepithelial macromolecular 
absorption, abnormal mucin, and reduced IgA secretion. 46 

In the N-cadherin dominant negative chimaeric mouse, 
intestinal inflammation Is restricted to regions of the gut 
where the mutant gene is expressed and consequently where 
epithelial integrity is disrupted because of a lack of expression 

of E-cadherin 47 

Natural causes of decreased barrier function include luminal 
aggressive factors and endogenous inflammatory mediators 

such as IFN-7 (Box 222-5). Barrier damage may lead to entry 

of antigens, subsequent allergic and/or inflammatory reactions, 
and even translocation of bacteria into the circulation. Leakage 
of protein-rich tissue fluid in the opposite direction is also of 
clinical significance, causing a protein-losing enteropathy (PLE). 

Hypersensitivity 

Sensitization of a patient to a dietary antigen may provoke 
IgE-mediated allergic reaction w'hen the animal is next 
posed. The release of numerous mast cell mediators (e.g., 
histamine, serotonin, heparin, interleukins) may have remote 
effects (e.g., pruritus, urticaria) and even generalized systemic 
effects (anaphylaxis). Mast cell mediators also have local effects 


of the intestine with a number of causes (Box 222-4), In enteric 
viral infections, for example, ileus is common, promoting diarrhea 
by stasis, wTich allows bacterial fermentation. Hypomotility and 
constipation are expected with hypothyroidism, but occasion¬ 
ally antibiotic-responsive diarrhea is found. 43 


are biochemical 


Luminal Disturbances 

Lack of pancreatic enzymes in EPI or increased destruction of 
enzymes by acid hypersecretion (e.g., Zollinger-Ellison syn¬ 
drome) or S1BO results in failure of digestion. Bacteria may also 
compete for nutrients (e.g., binding of cobalamin in S1BO). 
Interruption of enterohepatic circulation and lack of bile 
lt-micellos result in fat malabsorption and can be caused by 
portosystemic shunting, intrahepatic or extrahepatic cholesta- 
is, bacterial deconjugation of bile salts in the gut lumen, 
ileal disease. Surgical resection of the ileum (e.g., with 
ileocolic intussusception) and inflammatory bowel disease 
(IBD) affecting the distal SI cause both bile salt and cobalamin 

malabsorption. 

Villus Atrophy 

Villus atrophy causes loss of intestinal surface area and results 
in malabsorption of fat. Also, carrier-mediated uptake Is rate 
limited, because there is a finite number of nutrient trans¬ 
porters. Villus atrophy results in a loss of carriers critical to 

carbohydrate and protein digestion. 

Atrophy is caused either by a decrease in the production of 

the rate of enterocyte loss. 

Infectious agents that damage enterocytes may 
villus tip (e.g., rotavirus) or mid villus (e.g., corona virus), caus¬ 
ing cell loss and a mild to moderate diarrhea. Destruction of 
crypt cells (e.g., parvovirus infection) causes loss of enterocyte 
production, complete villus collapse, and severe diarrhea. 

A persistently increased rate of enterocyte loss through 
immune-mediated mechanisms results in a compensatory 
increase in the crypt cell proliferation rate, and if the cell loss 
is matched by the increased proliferation, villus height does 
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Table 222-1 






Examples ofAgents that Can Datnage the 
Mucosal Barrier 


Experimental Rodent Models of Chronic 
Intestinal Inflammation 


Luminal Aggressive Factors 

Enteric infections 
Endotoxin 
Drugs 
Ethanol 

Nonsteroidal anti-inflammatory drugs (NSAIDs) 
Cytotoxic drugs 
Bile salts 


TYPE OF 

INFLAMMATION 


MODEL 






|\ 


I I 1 




















*. A 


Spontaneous 


Ulcerative colitis in 
Cotton-top tamarin 
C3H/HeJBir mouse 
Chemical 

Acetic acid enema 
immune complex/formalin enema 
TNBS/ethanol enema 

Indomethacin 
Microbial products 

Dextran sulphate sodium 
Carrageenan 

Lymphogranuloma venereum 

Peptidoglyean-polysaccharide 

Cyto Id ne pe rtu r bat i ons 
IL-2 deficiency 

IL-2R deficiency 

IL-tO deficiency 
TGF-p deficiency 
IL-7 transgenic 
Tcell or MHC perturbations 
TCR-a chain deficiency 
HLA-B27/p2m transgenic 

Cyclosporin A colitis 
Epithelial perturbations 
Cat2 deficiency 
N-cadherin—dominant nega¬ 
tive transgenic chimera 

Mdr-1 deficiency 

CD45RBhiCD4 T cell into SCID mouse 
CD45RBhiCD4T cell into 
RAG-deficient rats 
T-cell transfer into SCID mouse 
Bone morrow transfer into Tge26 mice 
Transfer of cells from mice infected 
_ with murine retrovirus 

From German AJ et al: Chronic intestinal inflammation and intestinal 
disease in dogs. J Vet Intern Med 17rS, 2003. 

CD, duster of different]ation; 1L, interleukin; HLA, hum 
leukocyte antigen; MHC, major histocompatibility complex; 

SCID, severe combined immunodeficiency; TCR, T cell receptor; 
TGF, transforming growth factor 
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Endogenous Factors p 

Malnutrition (starvation, malabsorption) 
Ischemia 

Reperfusion Injury 
Nitric oxide 
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on the intestine, acting directly on epithelium, muscle, and 
endothelium and indirectly through fibroblast and nerve 
activity. 4 ® They induce rapid changes in absorption and secre¬ 
tion, mucus secretion, epithelial and endothelial permeability, 
and gut motility, causing vomiting and diarrhea. 


Mucosal Inflammation 

Inflammation is a cellular and vascular response to a number 
of inciting causes, including infection, ischemia, trauma, toxins, 
neoplasia, and immune-mediated reactions. The normal 

mucosa is continually bombarded by a vast array of antigens 
derived from endogenous bacteria and food components and 
can be considered to be in a state of "controlled inflamma¬ 
tion." Anything that overloads this system is likely to trigger 
uncontrolled inflanimation. 

Experimental models of gastrointestinal inflammation 
have allowed researchers to understand better the pathogene- 
of mucosa] inflammation and the mechanisms that trigger 
it {Table 222-1), These genetically engineered rodents have 
variety of spontaneously arising or induced disruptions of the 
mucosal immune system that lead to chronic inflammation, 
the end results of which are histologically similar The disruptions 
usually are induced in one of three ways: through disruption of 
the mucosal barrier (e.g. t the N-cadherin dominant negative 
chimaerie mouse} 47 ; through dysregulation of the mucosal 
immune system; or through disruption of the endogenous 
microflora. Disruption of the mucosal immune system, either 
through targeted deletion of cytokines (e.g., IL-2, IL-10, or 
TGF-p knockout mice) or through abnormalities in the CD4+ 
T-cell compartment, results in dysregulated immune responses 
and, consequently, uncontrolled mucosal inflammation. 49 
Extracellular proteolysis by matrix metalloproteinases is criti¬ 
cal in the pathogenesis of 1BD in humans. 50 

Either mucosal barrier disruption or immune system dysreg¬ 
ulation (or both) is required for the development of 
trolled inflammation; however, the presence of an enteric flora iz 
essential for expression of disease. In this regard, chronic intesti¬ 
nal inflammation generally does not develop when the rodent in 
these model systems is reared in a germ-free 


Leukocyte transfer 
to immunodefi- 
cient mice 


sis 


a 


an 


This demonstrates the importance of the endogenous flora in 
the pathogenesis of uncontrolled mucosal inflammation, 
confirmed by studies showing that normal humans are toler¬ 
ant to their own intestinal microflora but that this tolerance is 
broken in patients with 1BD. 51 


as 


Neoplasia 

Solitary tumors can 


cause diarrhea, probably through the 
effects of partial obstruction, stasis of ingesta, and secondary 
bacterial overgrowth. More typically the tumor is associated 
with such signs as intestinal obstruction (i.e., vomiting, abdominal 
pain, absence of feces), bleeding, and cancer-associated anorexia, 
Mast cell tumors may cause duodenal perforation and peritoni¬ 
tis through histamine-mediated gastric acid hypersecretion. 


uncon- 


15 


environment. 49 
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Diffuse tumors, such as lymphoma, that infiltrate the 

diarrhea. Malignant cells may simply obstruct 
blood and lymphatic flow, but enterocyte function is likely 
be impaired or the mucosa may be ulcerated. 


Bo 


mucosa cause 


Classifications of Diarrhea 


Mechanistic 

Osmotic 

Secretory 

Permeability (exudative) 

DysmotUity 

Mixed 


Nutrient Delivery Failure 

After absorption nutrients are delivered to the body via blood 
and lymph; only lymphatic diseases are described in animals. 

Primary' lymphatic obstruction (lymphangiectasia} that causes 

or may be associated 

with 


may be idiopathic 


malabsorption 
with lymphangitis. Secondary lymphangiectasia is seen 

lymphatic obstruction. 


Temporal 

Acute 

Chronic 


SMALL INTESTINAL DISEASE 


Signs 

Diarrhea 

Diarrhea is an increase in fecal mass caused by an increase in 

and/or solid content. It is accompanied by an 


Anatomic 

Extra intestinal 
Small intestinal 


fecal water 

increase in frequency and/or fluidity' and/or volume of feces. Yet 
it must be remembered that the absence of recognizable diar¬ 
rhea does not preclude the possibility of significant SI disease. 

Diarrhea can be classified in several ways (Box 222-6). 
These categories are not mutually exclusive, and they allow the 
problem to be viewed from different perspectives, facilitating 
diagnosis and the choice of appropriate treatment. A mecha¬ 
nistic approach is simple, and many SI diseases have a com¬ 
ponent of osmotic diarrhea, but even in a situation as simple 
lactase deficiency, other mechanisms become involved 

(Figure 222-6), Osmotic diarrhea in lactose malabsorption 

intestinal distension, which induces peristalsis and 
rapid transit, and bacterial fermentation products in the colon 

secretion. Bacterial fermentation of unabsorbed solutes 
is often a complicating factor in malabsorption. The fecal pH 
is often low because of the production of volatile fatty acids, 

products of fermentation (e.g., hydroxylated fatty 

cause colonic inflamma- 


D iff use 


Pathophy si o I og i c 

Biochemical 

Allergic 

Inflammatory 

Neoplastic 




as 


Etiologic 

Diet; bacterial, viral, parasitic causes; other 


causes 


Causal 

Exocrine pancreatic insufficiency, salmonellosis, 
lymphoma, other 


cause 


and some 


acids, unconjugated bile acids) can 

and secretion, and therefore signs of LI diarrhea fre¬ 
quently accompany prolonged SI disease. 


Clinical 

Acute, nonfatal, self-limiting 
Acute potentially fatal 
Acute systemic disease 
Chronic 


tion 


Excess water-soluble molecules in the 
intestinal lumen retain water osmotically and overwhelm the 
bsorptive capacity of the SI and colon (e.g., sudden diet 
change, overeating, and malabsorption).The diarrhea typically 
resolves when food or laxatives are withheld. 


Osmotic diarrhea 






a 


fluids containing glucose and amino acids (e.g., glycine) to 

increase water absorption is appropriate. 

Typically secretory diarrhea does not resolve with fasting 
but does not cause weight loss unless anorexia, vomiting, 
additional SI damage is a factor Morbidity and even 


r 


Stimulation of SI secretion such that 


Secretory diarrhea 

the reserve absorptive capacity is overwhelmed results in diar¬ 
rhea even though the absorptive ability of the SI and colon 

actually be impaired. Treatment with oral rehydration 


or 






Glucose 
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Galactose 


Normal 


* i ■ ■ 


COLON 


SI 


Lactose 


Osmotic 
diarrhea 

Secretory 
diarrhea 

Motility 
diarrhea 

Figure 222-6 Diagrammatic representation of the mechanisms of diarrhea caused by lactase 

d efi c i e n cv. 
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Table 


Causes oj Secretory Diarrhea 

Bacterial enterotoxins and endotoxins (e.g., Clostridium 

perfringens , Escherichia colt, Salmonella 

Shigella spp, p Yersinia enterocolitica ) 

Uncanjugated bile acids from bacterial fermentation 

Hydroxy fated fatty adds from bacterial fermentation 
Ciordia infection §| 

Possibly hyperthyroidism 
Laxatives (castor oil, dioctyl sodium sulfosucdnate, bisacodyl) 

Cardiac glycosides 




Pathophysiologic Mechanisms of Malabsorption 




MECHANISM 


EXAMPLE 




spp 




% 


- 




Luminal Phase 

Dysma fi lity 

Rapid intestinal transit 

Defective substrate hydroly 
Enzyme inactivation 
Lack of pancreatic enzymes 

Fat maldigestion 
Decreased bile salt delivery 

Increased bile salt loss 
Bile salt deconjugation 
Fatty acid hydroxylation 
Impaired release of CCK, 
secretin 








r 7 


■J A 
















Hyperthyroidism 




sis 




Gastric hypersecretion 
Exocrine pancreatic insufficiency 
















T. 










-1 










Amine precursor uptake and decarboxylation (APUD) 

neoplasms (excess vasoactive intestinal polypeptide, 
serotonin, prostaglandins, substance P) 

Intestinal inflammation 




Cholestatic liver disease, 
biliary obstruction 
Heal disease 
Bacterial overgrowth 
Bacterial overgrowth 

m 

Impairment of pancreatic 
secretion due to severe 
small intestine disease 




jk 


















J » 








mortality are 


associated with the dehydration that results 
from excessive fluid loss. Secretory diarrhea typically is caused 
by chemical toxins and toxins elaborated by enteric bacteria 

(Box 222-1), 


Cobalamin malabsorption 
Intrinsic factor deficiency 

Competition for cobalamin 


Exocrine pancreatic insufficiency 
Giant schnauzer defect 
Bacteria! overgrowth 


Permeability (exudative) diarrhea Intestinal inflamma¬ 
tion can stimulate increased fluid and electrolyte secretion 
and impair absorption. Leakage of tissue fluid, serum proteins, 
blood, and mucus may occur from sites of in fl amm ati on| 
ulceration, or infiltration or if portal hypertension or lym¬ 
phatic obstruction is present. Increased permeability severe 

enough to cause loss of plasma proteins in excess of their rate 

of synthesis results in a PLE + 


Mucosal Phase 

Brush border enzyme deficiency 

Congenital 

Acquired 


Trehalose (cats) 

Relative lactose deficiency 


Brush border transport protein deficiency 

Congenital 
A cq u i red 


Ma la b sorption 

Failure of food assimilation is sometimes classified as primary 
failure to digest (maldigestion) or primary failure to absorb 
(malabsorption). However, such a classification is misleading, 
because failure of absorption is an inevitable consequence of 
failure to digest. The preferred use of the term malabsorption 
to describe defective absorption of dietary constituent 
resulting from interference with the digestive and/or absorp¬ 
tive phases in the processing of that molecule, 

\\ ithin this broad definition, the site of the primary abnor¬ 
mality may be found in the luminal, mucosa], or transport 

phase (Table 222-2), Also, the reserve capacity of the distal SI 
and colon may prevent overt diarrhea despite significant mal¬ 
absorption and weight loss. The clinical manifestations of mal¬ 
absorption, namely diarrhea, weight loss, and altered appetite 
(polyphagia, coprophagia, pica), are largely a result of the lack 
of nutrient uptake and the losses in feces. Animals are often 
systemically healthy and have an increased appetite unless 
underlying neoplastic or a severe inflammatory condition is 
present. Only when the patient is quite malnourished 
develops hypoproteinemia does it become ill. 


Intrinsic foctor receptor 
Secondary to diffuse SI disease 


Enterocyne defects 
Enterocyte processing defects 
Reduction in surface area 

Immature enterocytes 

Mucosal inflammation 


% 


Abeta I i po prote i n e m ia 
Villus atrophy 

Increased enterocyte turnover 

Inflammatory bowel disease 


is 


Transport Phase 

Lymphatic obstruction 

Primary 

Secondary 


Lymphangiectasia 
Obstruction caused by 
neoplasia, infection, or 
inflammation 


Vascular compromise 

Vasculitis 

Portal hypertension 


an 


Infection, immune mediated 
Hepatopathy, right heart 
failure, cardiac tamponade 


or 


Melena 


The presence of dark, tarry, oxidized blood in feces, a condition 
called melena, reflects either swallowed blood or generalized 
or localized G1 bleeding, which usually occurs proximal to the 
large intestine (Table 222-3), Medication with ferrous sulfate 
bismuth subsalicylate (Pep to-Bis mol) also can impart a 
Idaek color to the feces. It has been estimated that the loss of 
350 to 500 mg/kg of hemoglobin into the GI tract is required 
for melena to be visible. 52 The presence of microcytosis with 
or without thrombocytosis is suggestive of iron deficiency 
secondary to chronic blood loss. An increased blood 
nitrogen (BUN) to creatinine ratio (from bacterial digestion of 


blood) pro% F ides supporting evidence. Hypoproteinemia 
indicate significant blood loss or the presence of a PLE. 

The general approach to melena is to rule out bleeding 
diatheses, ingestion of blood, and underlying metabolic disorders 
before pursuing primary GI causes. Ultrasonography is particu¬ 
larly useful for detecting gastrointestinal masses and thickening. 

The next step for investigating upper GI Hood loss is 

endoscopy. If the source of GI bleeding is still undetermined, 
lagged red cell scintigraphy, exploratory laparotomy, angiog¬ 
raphy. and enteroscopy mav be used to localize the rite ” 


may 


or 


urea 


4 


4 



* Diseases of the Small Intestine | 


J345 


CHAPTER 222 


Table 


Table 


Protein-Losing Enteropathies 


Causes ofMelena 


EXAMPLES 


CAUSES 


SOURCE 


MECHANISM 


Primary lymphatic disorder, 

venous hypertension {e.g., right 
heart failure, hepatic cirrhosis) 
Parvovirus, salmonellosis, 

histoplasmosis, phyoomycosis 
Intussusception 
Lymphosarcoma 
Lymphocytic-plasmacytic, 

eosinophilic, granulomatous 
Ciordia r Ancyiostomo spp* 

HGE* neoplasia, ulceration 


Ly m pha n g i ecta s ta 


Oral, nasal, pharyngeal, or pulmonary 
bleeding 

Thrombocytopenia, factor 
deficiencies* DIC 


Ingestion of blood 


Coagulopathies 


Infectious 


Gastrointestinal 

erosion/ulceration 

Metabolic 

Inflammatory 

Neoplastic 


Structural 

Neoplasia 

Inflammation 


Uremia, liver disease 
Gastritis* enteritis, HGE 
Leiomyoma* adenocarcinoma, 
lymphosarcoma 

Mastocytosis, hypergastrinemia 
and other APUDomas 
A-V fistula* aneurysms, angiodysplasia 

Hypovolemic shock, 

hypoadrenocorticism, thrombosis/ 
infarction, reperfusion 
Nonsteroidal and steroidal 
anti-infiommatory agents 


Endoparasites 
Gastrointestinal 
hemorrhage 

HGE, hemorrhagic gastroenteritis 


Paraneoplastic 


Vascular 

Ischemia 


associated with PLE include weight loss, diarrhea, vomiting, 
edema* ascites, and pleural effusion. Weight loss frequently is 
the predominant feature, and diarrhea is not invariably pre¬ 
sent, particularly with lymphangiectasia and focal intestinal 
neoplasia. Physical findings may include edema, ascites, emacia¬ 
tion, thickened intestines, and melena. Thromboembolism is a 

feature of some cases of PLE. 


Drug induced 


Foreign objects___ 

A PUD, amine precursor uptake and decarboxylation tumor; 
A-V, arteriovenous; DIC, disseminated intravascular coagulation 


Diagnosis The serum concentrations of both albumin 

reduced in most patients with PLE, 


and globulin are 
Exceptions are raised hyperglobulinemia with hypoalbumine- 

mia found in histoplasmosis and immunoproliferative SI dis¬ 
ease in the basenji (see below). Renal and hepatic causes of 
hypoalbuminemia are eliminated by assay of serum bile acids 
and urinary protein loss respectively Hypocholesterolemia and 
lymphopenia are common in PLE. Hypocalcemia and hypo¬ 
magnesemia are also reported. 55 Measurement of fecal loss of 
alphaj-protease inhibitor may be a sensitive test for PLE. 56 

Survey abdominal radiographs often are normal in patients 
with PLE* but ultrasound scans may reveal intestinal thicken¬ 
ing, mesenteric lymph adenopathy, or abdominal effusion. 
Thoracic radiographs may show pleural cfFusion, metastatic 
neoplasia* or evidence of histoplasmosis. Although intestinal 
function tests may confirm the presence of malabsorption, 
they rarely provide a definitive diagnosis, and intestinal biopsy 
is more appropriate. Because many intestinal causes of PLE 
are diffuse, endoscopy is the safer way to obtain biopsies* but 
surgical biopsy may be required to obtain a definitive diagno¬ 
sis for lymphoma and for diseases that cause secondary lym¬ 
phangiectasia (Box 222-8). 


Borbory?gmi and Flatulence -- 

Borhorytgmus is a rumbling noise caused by the propulsion of 
gas through the intestines. Swallowed air and bacterial fer¬ 
mentation of ingesta are the main causes of borborygmi and 
flatulence. Feeding a diet that is highly digestible, with a low 
fiber content (e,g., cottage cheese and rice in a 1:2 ratio) leaves 
little material present in the intestine for bacterial fermenta¬ 
tion and can effect a cure in some cases. If borborygmi or 
flatulence continues despite dietary modification* the animal 
may be excessively aerophagic or may have malabsorption, 
especially if diarrhea or weight loss are also present. 

Weight Loss or Failure to Thrive 

General causes of weight loss are reduced nutrient intake* 
increased nutrient loss, and increased catabolism or ineffective 
metabolism. The history should reveal whether the type and 
amount of diet fed is adequate and whether anorexia, dys¬ 
phagia, or vomiting is a potential cause. Weight loss or failure 
to thrive accompanied by diarrhea often is a feature of mal¬ 
absorption, and the diagnostic approach is the same as for 
chronic diarrhea. However, diarrhea does not invariably 
accompany malabsorption that causes weight loss. 

Protein-Losing Enteropathy 

When SI disease is severe enough for protein leakage into the 
gut lumen to exceed protein synthesis* hypoproteinemia 
develops. 54 Chronic diarrhea associated w f ith hypoproteine¬ 
mia usually requires intestinal biopsy to define the cause of 
the PLE {Table 222-4), Nonlntestjnal diseases, which may 

potentially be associated with intestinal protein loss (e.g., 
portal hypertension), usually present with ascites before diar¬ 
rhea, Hypoproteinemia associated with GI disease is much 
less common in cats than in dogs and most often accompanies 

GI lymphoma. 


















5 




Treatment Plasma transfusion may be indicated during 
the perioperative period when collecting biopsy specimens, 
and diuretics may reduce ascites. Spironolactone (1 to 2 mg/kg 
given orally tw r ice daily) may be more effective than 
furosemide for treating ascites. Thromboembolism is a feature 
of some cases of PLE. Specific treatments are discussed later. 

Diagnosis of Small Intestinal Disease 

Most cases of diarrhea are acute, nonfatal, and self-limiting 
and require only symptomatic support without a definitive 
diagnosis. How T ever, some cases are life-threatening, may have 
infective potential for other animals, or may present 
potential zoonotic risk to humans. If significant hypovolemia 
or dehydration is present, fluid and electrolyte deficits must 

be addressed simultaneously with the diagnostic effort. The 
extent of diagnostic investigations required for acute diarrhea 


a 


an 


Clinical presentation Breeds that appear to be predis- 

the hasenji, lundehund, soft-coated wh eaten 


posed to PLE are 
terrier, Yorkshire terrier, and Shar Pei (see below). Clinical signs 
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Relative Advantages of Endoscopic 
and Surgical Intestinal Biopsy 


Clinical Signs Associated unth Small and Large 
Bowel Disease 




SMALL INTESTINAL 
DISEASE 


LARGE INTESTINAL 
DISEASE 


Endoscopy 

Advantages 

Minimally invasive 

Allows visualization and biopsy of focal lesions 
Permits multiple biopsies^ _ 

Minimal adverse reactions 
Allows steroids to be started early 

* 11 - fc y* - * \j . «. . - ~ * - . _. - J*'. 1 — _ 'aw^pfe-jL-f. ■*.*! - . *■ fir * * 

Disadvantages 
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Requires 
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Permits access only to duodenum (and distal Ileum?) 
Allows only small, superficial (and crushed) biopsies 
Requires expensive equipment 

. • '• 1 ■ i , T. 

Technically demanding 


























Stool volume 
Mucus 

Blood (if present) 


Small 
Co m m on 


L a rge 

Rare 

Melena 

Sometimes 

Variable 
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Fat 


Absent 

Normal 














Color 

Defecation 

Tenesmus 

Undigested food 
Frequency 
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Rare 


Common 

Absent 

Normal; More than 
three times a day 
Common 


Occasionally 
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Normal: Two to 






























three times a day 
Uncommon 
















Urgency 

O ther signs 
Vomiting 

Gas 

Weight loss 


Laparotomy 

Advantages 

Allows biopsy of multiple sites 
Permits large, full-thickness biopsies 
Allows inspection of other organs 
Offers potential for corrective surqery 
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Disadvantages 

Requires general anesthesia 
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Historical Information Useful in the Diagnosis 
of Small Intestinal Disease 
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Patient Information 

Age 

Gender 
Breed (see Table 222-6) 
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varies; investigations are appropriate if diarrhea is hemor¬ 
rhagic, accompanied by systemic signs, or unresponsive to 
symptomatic treatment. By definition, chronic diarrhea is not 
self-limiting, and an etiologic diagnosis usually is required to 
allow specific treatment. Diagnostic approaches to acute and 
chronic diarrhea are discussed in detail elsewhere. 

The aim of the diagnostic approach is to eliminate extra- 
intestinal diseases and to differentiate SI from LI disease 

(Table 222-5). The history (Boxes 222-2 and 222-9 and 
Table 222-6) and physical examination (Table 222-7) are 

crucial steps toward reaching a diagnosis and in some cases 
may be all that is required. Preliminary investigations may 
also include collection of baseline data fi.e., hematology, serum 
biochemistry, urinalysis, and fecal examination). Diagnostic 
imaging may be indicated, especially if a disease requiring 
surgical intervention is likely* Further investigations include 
exclusion of EPI, indirect tests of intestinal function and 
damage and, ultimately, direct examination of the SI by 
endoscopy or surgery with histologic examination of biopsies* 

Fecal Exam ination 

Fecal examinations are an important part of the investigation of 
SI disease. Tests such as quantification of fecal fat excretion are 
unsuitable for practice, and bacteriologic culture is sometimes of 
questionable value, but identification of parasites is important. 
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Exposure to parasites 
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Past Medical History 

Vaccination status 
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Worming status 
Previous abdominal surgery 
Previous excision of cutaneous mast cell tumor 
Drug history 
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Direct smear Staining of smears for undigested starch 
granules (LugoLs iodine), fat globules (Sudan stain), and muscle 
fibers (Wright's or Diff Quik stain) may indicate malab¬ 
sorption but is unreliable* Fungal elements and speculat¬ 
ing clostridia 
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Some Suspected and Confirmed JB reed Susceptibilities 
to Small Intestinal Disease in Dogs and Cats 


Significant Physical Findings in Animals with 
Signs of a Small Intestinal Disorder 


BREED 


CONDITION 


FINDINGS 


INTERPRETATION 


Basenji 


Lymphocytic-plasmacytic enteritis (also 
called immunoproliferative disease) 

Cobalamin deficiency 

Cobalamin deficiency 
Idiopathic antibiotic-responsive; 
inflammatory bowel disease 
(lymphopfasmacytic, eosinophilic) 

Defective cobalamin absorption 

Gluten-sensitive enteropathy 

Lymphangiectasia 

Dietary allergy 

Susceptibility to parvovirus 

Protein-losing enteropathy/nephropathy 


General 


Rule out other systemic disease 


Beagle 
Border collie 
German shepherd 


Oropharynx 

Mucous membranes 


Hyd rat i o n stal u s, ca rd iova sc u la r 
status, anemia, icterus 
Linear foreign body 


Tongue 


Giant schnouzer 
Irish setter 

Lundehund 

Retrievers 

Rottweiler 

Soft-co a ted 

wheaten terrier 
Shar Pei 


Cervical Region 

Thyroid gland 


Thyroid nodule (hyperthyroidism) 


Abdominal Palpation and Auscultation 

Palpation 


Effusions, masses, bunching of 
intestinal loops, foreign bodies 
abnormal accumulations 


Lymphocytic-plasmacytic enteritis, 
cobalamin deficiency 
Hemorrhagic gasf roenteritis 
Lymphangiectasia 


of ingesta, associated pain, 
feces, lymphadenopathy, 
other systemic disease 
Ileus, borborygml 


Toy breeds 

Yorkshire terrier 


Auscultation 


Rectal Examination 

Digital examination 


Masses, foreign bodies, hemostatic 

disorders, dehydration 

Collection of stool sample Laboratory analysis, melena 
Rectal mucosal scrape Cytology 


Unstained wet mounts may be used to identify protozoal 
trophozoites. 

Enterotoxin production by Clostridium perfringens is a 
potential cause of diarrhea. The presence of a large number of 
clostridial endospores (more than 5 per oil field] on Diff Quik- 
stained smears may be suggestive, but a positive fecal entero- 
toxin assay (enzyme-linked immunosorbent assay (ELISA] or 
reverse passive latex agglutination) is more significant. 

Fecal concentration methods For detection of most 
parasites, fecal concentration methods are more rewarding 
(Figure 222-7). Examination of three fecal samples by zinc 
sulfate flotation is recommended to detect Giardia oocysts. 
A direct smear, sedimentation, or the Baermann technique 
can identify larvae of Strong^doides spp, 

Bocteriologic examination Routine culture of all bacte¬ 
ria from a fecal sample b of little value, but targeted evalua¬ 
tion for potential pathogens may be helpful. Culture of feces 
is indicated in animals with hemorrhagic diarrhea or pyrexia 
or with an inflammatory leukogram or neutrophils on rectal 
cytology. Identification of Salmonella spp., Campylobacter jejuni, 
and Clostridium difficile may be helpful, although the signifi¬ 
cance of a positive isolate should be interpreted in the light of 
the clinical history, because these organisms can be present in 
clinically healthy animals. Furthermore, although fecal flora 
might be representative of colonic bacterial populations, they 
do not necessarily reflect the SI flora and cannot be used to 
diagnose SIBO. E. coli can be cultured from most fecal sam¬ 
ples, but only certain strains are pathogenic, and molecular 
probes have recently been used to detect pathogenicity mark¬ 
ers oi E, coli in small animal medicine, 57 However, the signifi¬ 
cance of a positive result needs further assessment, because 
these organisms can be isolated from both healthy and ill dogs. 
Feces can be cultured for fungi, such as Histoplasma 
capsulatum, but isolation is difficult and slow. 

Virologic examination Viral diarrhea is usually acute 

and self-! i mi ting and does not require a positive diagnosis. 


Cutaneous Examination 

Poor coat condition, scale Malnutrition 
Pruritus 
Pedal pruritus 


Food hypersensitivity 
Undnario stenocephola infection 
(larval migration) 




Electron microscopy can be used to identify the characteristic 
viral particles of rotavirus, coronavirus, and parvovirus. A fecal 
ELISA for parvovirus is also available (see below). 

Giardia antigen A commercially available ELISA can be 
used to detect Giardia antigen in feces. 

Occult blood 

These tests are used to search for intestinal bleeding from ulcer¬ 
ated mucosa and benign or malignant tumors. Unfortunately, 
all versions nonspecifically test for hemoglobin and are very 
sensitive, reacting with any meat diet and not just patient 
blood* Therefore the patient must be fed a meat-free diet for 
at last 72 hours for a positive result to have any reliability. 525 * 

Alphai-protease inhibitor This test assays the presence in 
feces of a naturally occurring endogenous serum protein that is 
resistant to bacterial degradation if it is lost into the intestinal 
lumen. To improve diagnostic accuracy, three fresh fecal sam¬ 
ples should be sampled. The assay is valid only if used on fecal 
samples collected after voluntary evacuation, because abrasion 
of the colonic wall during manual evacuation is enough to elevate 
alpha]-protease inhibitor [alpha] -PI) concentrations. Jt appears 
to be of value for the diagnosis of PLE 59 and may prove to be 
more a sensitive marker than measurement of serum albumin 
for the detection of earlv disease. 60 
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Figure 222-7 Identification of protozoan cysts and worm eggs that may be found in the feces of 
dogs and cats. (Hoechst-Roussel-Agri Vet Company, USA.) 


is localized or generalized and whether an accumulation of gas 
or fluid is present [Box 222-10), The usefulness ol plain radio¬ 
graphs in malabsorption is minimaL 

Contrast radiography Since the introduction of abdominal 
ultrasonography and endoscopy, contrast radiographic studies 
have had limited value in the assessment of SI disease. 

Barium follow-through examinations. Studies using microfine 
barium suspensions can identify ulcers and irregular mucosal 
detail and may confirm the presence of ratholucent foreign 
bodies. Such studies are of limited use in identifying mural 
masses and partial obstructions,, and they rarely provide more 
information than a good-quality survey film [Figure 222-8). 
Furthermore, although contrast studies allow assessment of 
the intestinal transit rate, they provide limited etiologic infor¬ 
mation, and dysmotility may occur secondary to other causes. 
Also, administration of barium may delay endoscopy for at least 

24 hours. 

Barium-impregnated polyethylene spheres (BIPS). DIPS are 
solid-phase radiopaque markers that provide information on 
gastric emptying, intestinal transit, and obstructive disorders 

[Figure 222-8, D), Given that the transit time of BIPS is 
highly variable, 62 their 
However, they may be more 
obstructive disorders. 

Ultrasonography 
Transabdominal ultrasound examination of the SI is now a 
routine part of the investigation of intestinal disease. In the 
future, endoscopic ultrasound will allow the mucosal wall and 


Rectal cytology At the end of the rectal examination, the 
rectal wall is mildly abraded, the gloved finger rolled on a micro¬ 
scope slide, and the smear stained. Although the result is often 
negative and, when positive, probably more representative of LI 
disease, an increased number of neutrophils may be suggestive of 
a bacterial problem, indicating the need for fecal culture. 
Clostridial endospore elements (Histoplasma, Aspergillus, 
Pythium , and Candida spp.) may be identified. The test is fast 
and simple but in all cases confirmatory tests are indicated. 

Imaging 

Until recently, imaging of the intestinal tract was limited to 
plain and contrast radiographs. This has been dramatically 
altered by the use of ultrasound and endoscopy. Scintigraphy, 
computed tomography (CT), and magnetic resonance imag¬ 
ing [MRI] scanning are rapidly being adopted, and "virtual 
endoscopy’ 1 by helical CT is becoming available. 

R adiography 

Survey radiographs Plain radiographs are most useful in 
the investigation of primary vomiting, diarrhea associated 
with vomiting, abdominal pain, and palpable abnormalities. 
Diagnostic yield is improved if both lateral views are taken, 61 
although a single lateral radiograph is all that is required if 
radiography is combined writh ultrasonography. Generally the 
aim is the detection of [acute) surgical disease; these radiographs 
allow detection of foreign bodies, masses, obstructions, decreased 
serosal detail, free peritoneal gas, and ileus i Table 222-8). 

Ileus is an abnormal dilatation of an immotile segment of 
intestine, and the differential diagnosis depends on whether it 


for transit studies is limited, 
helpful in the detection of 
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radiolucent foreign bodies, intestinal wall thickening, and 
lymph adenopathy in chronic inflammatory and neoplastic 
enteropathies [Figure 222-9). Values for normal SI wall thick¬ 
ness have been reported for dogs and cats, 63 and thickness 
decreases from proximal to distal. Ultrasound-guided fine 
needle aspiration for cytologic examination is possible, 
Disruption of the normal five-layered sonographic appearance 
(mucosal surface, mucosa, submucosa, muscularis, serosa) is 
typical of neoplasia, although loss of layering can also result 
from other infiltrative disorders and bowel w f all edema. 
Intussusceptions are usually recognized in the transverse plane 
as multiple concentric ring? 65 and longitudinally as a thick, 
multilayered segment. 

Special Tests 

In cases of malabsorption, intestinal biopsy is usually neces¬ 
sary to obtain a definitive diagnosis. However, EPI should be 
ruled out before biopsy, because signs of malabsorption are 
nonspecific. It is also well recognized that biopsies from up to 

50% of patients 

Therefore, usually before biopsy, a number of indirect tests are 
performed to assess for intestinal damage, altered permeabil¬ 
ity, and dysfunction. 

Diagnosis of Exocrine Pancreatic Insufficiency 
Because the signs of EPI cannot be distinguished from primary 
causes of SI, serum trypsin-like i m m un ore a ctivity (TLI) mea¬ 
surement must be performed in all cases. 

Serum Folate and Cobalamin Concentrations 
The assay of serum folate and cobalamin concentrations can 
be performed on the same serum sample taken for the TLI 
test. This assay has limited value in the diagnosis of SI diseases, 
but subnormal folate and cobalamin concentrations secondary 
to GI disease may be detected. Cobalamin deficiency is more 
common, and the response to treatment of the underlying GI 
disease may be suboptimai if this vitamin deficiency is not 
corrected. In dogs, the severe cobalamin deficiency recognized 
in several breeds has been linked to an IF-cobalamin receptor 
deficiency. 45 66 Cobalamin deficiency is a common sequel to 
small intestinal disease in cats, 67 and systemic metabolic con¬ 
sequences have been recognized. Determination of the serum 
folate and cobalamin concentrations is not recommended for 
the diagnosis of canine SIBO (see below). 

Indirect Assessment of Intestinal Absorption 
Attempts to assess intestinal function by measuring the mediated 
absorption of numerous substrates (e g., lactose, glucose, vita¬ 
min A, D-xylose, triglyceride, and starch tolerance tests) are 
no longer performed because of a similar lack of sensitivity and 

specificity, 

Xyfose/3-O-methybD-gfucose test The differential 

absorption of these two sugars eliminates the nonmucosal 
effects that blight the xylose test, and initial results suggest 
that the test may be of value in dogs and cats. 68 

Intestinal Permeability 

Intestinal permeability is an index of mucosa] integrity and is 
assessed by measuring un mediated uptake of non digestible 
probe markers. Tests use a nonmetabolizable probe marker 
that is excreted in the urine. The permeability probe 
chromium-51-labeled ethylenediamine tetra-acetic acid 
( 53 Cr-EDTA) was used in original studies, 69 but the need for 
a y-emitter limited its safe use. 

Errors related to nonmucosal factors (including the gastric 
emptying rate, intestinal transit time, and completeness of 
urine collection) can be eliminated by concurrently measuring 
the absorption of two probes with different pathways of 


Table 


Helpful Survey Abdominal Ra d iograph Findings 
in Patients with Intestinal Disease 


FINDINGS 


INTERPRETATION 


Radiopaque foreign bodies 
Ileus 


Visible on survey films 
Either adynamic/paralytic or 
obstructive (see Box 222-4) 
Abdominal mass 
Abdominal mass, enlargement 
of intraperltoneal or 
retroperitoneal organ, 
rupture or hernia 

Excess intra-abdominal fat, 
large mass, adhesions, 

linear foreign body 

Edema, infiltrative 

(inflammatory, neoplastic 
disease) 

Enteritis, neoplasia, ulcers 
Emaciation and immaturity, 
peritoneal effusion 

(ascites in hypoproteinemta 

and/or portal hypertension, 
peritonitis, carcinomatosis) 


Abnormal soft tissue shadow 
Displacement of viscera 


Bunching of intestines 


considered normal by light microscopy 


Bowel wait thickness 


Bowel wall irregularity 
Loss of serosal detail 


adjacent viscera (eg., pancreas) to be examined in more 
detail. A conventional ultrasound examination can detect lay¬ 
ering of the wall, peristalsis, and luminal contents and can 
measure intestinal wall thickness. 63 It has excellent sensitivity 
for the detection of lesions such as intussusceptions, 64 masses, 65 


222-10 


T ^ i 




Differential Diagnosis of Ileus 




Gas Ileus 

Generalized 

Aerophagia 

Smooth muscle paralyzing drugs 
Generalized peritonitis 
Enteritis 

Localized 

Localized peritonitis (e.g., pancreatitis) 
Early-stage bowel obstruction 
Disruption of mesenteric arterial supply 




£ 








Fluid Ileus 

Generalized 

Enteritis 

Diffuse intestinal neoplasia 

Loca I iz ed 
Foreign body 

Tumor causing obstruction 

Intussusception 
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Figure 222-8 Identification of an intestinal mass in a Siamese cat, A, Annular adenocarcinoma 
in ihe ileum demonstrated at laparotomy, 13, Prior plain lateral radiograph showing a dilated loop 
of bowel associated with this caudal abdominal mass, C, Ventrodorsal radiograph after oral adminis¬ 
tration of barium suspension showing a dilated loop of SI in the mid line, colonic filling, and 
rowing of the intestinal lumen at the site of the mass, D, Ventrodorsal radiograph after oral 
administration of BI PS showing accumulation of the larger markers at the site of the partial 
obstruction caused by the mass. (Courtesy A.EL Sparkes.} 


nar- 


absorption (Figure 222-10). Calculation of their excretion 
ratio eliminates errors from extram ucosal factors because 
both probes should be affected equally. The ratio, which is 
altered by villus atrophy or epithelial damage or both, offers 

sensitive diagnostic test. 

A 5-hour urine collection is performed after oral adminis¬ 
tration of two sugars, A number of candidates can be used for 
the probe molecules, and a mixture of one large simple sugar 
(e g,, lactulose, cellobiose, raffinose) and one small one (e g., 
rhamnose, arabinose, mannitol) can be chosen. The cel- 
lobiose/mannitol excretion ratio and lactulose/mannitol 
have been used in companion animals, 70 but with advances 
the high-performance liquid chromatography (HPLC) assay 
of these sugars, the lactulose/rhamnose test has become the 
standard test of SI permeability. 


Tests for Prole in-Losing Enteropathy 

Historically, intestinal protein loss has been detected by measur¬ 
ing the fecal loss of 51 Cr-labeled albumin, 71 Tire test is unpleas¬ 
ant to perform and potentially hazardous and has largely been 
discarded, although it remains the standard by which other tests, 
such as the assay of fecal alphai-PI (see above), are judged. 

Breath Tests r 

Breath tests are used to assess bacterial metabolism in the GI 
tract. Bacteria synthesize a gas, which is absorbed and 
excreted in breath. Breath hydrogen tests have been used 
most extensively because mammalian ceils cannot produce 
hydrogen, and therefore any that is measured must be bacte¬ 
rial in origin, Such tests can assess carbohydrate malabsorp¬ 
tion, bacterial colonization of the SI, and oro-cecal transit time. 
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A 


B 


Figure 222-9 Ultrasound images of the abdomen showing (A) transverse image of three loops 
of bowel with normal layering of the small intestinal wall in a dog and (B) mesenteric lym- 
phadenopathy in a cat with alimentary lymphoma, (A, Courtesy FJ. Ban. B, Courtesy H, Rudorf.) 


A variety of protocols has been used, including xylose to 
assess malabsorption, lactulose to assess oro-cecal transit, and 
a test meal to assess SI bacterial fermentation. Also, a number 
of recent studies have attempted to standardize the tech¬ 
niques for companion animals, 
are not widely used even in referral centers. 


Unconjugated Bile Salts 

The principle of the serum conjugated bile acids test is that 
conjugated bile salts secreted into the intestine 
deconjugated by certain bacterial species and absorbed by 
the Sb Therefore, in theory, increases in Si bacteria] numbers 
might result in an increase in serum unconjugated bile acids 

(SURA), Preliminary work suggested that the test was sensitive 
and specific for canine SI BO, 7 * although a recent study has 
questioned its utility. 77 

Miscellaneous Tests 

A number of tests for intestinal bacterial metabolites have been 
devised to detect SI BO. These include the nitrosonaphthol test, 
urinary in die an excretion, bacterial release of sulfapyridine 
from sulfasalazine, and bacterial release of p-amino benzoic acid 
(PABA) from a bile salt conjugate (PABA-UDCA). However, 
none of these tests are widely used in companion animals, 

Endoscopy 

Flexible endoscopy allows gross examination of the SI mucosa 
and collection of tissue samples w ithout the need for invasive 
surgery. The proximal small intestine can be viewed during 
gastroduodenoscopy (see Figure 222-2), and the distal S! 
often can be visualized by passing the endoscope retrograde 
through the ileocolic valve. Therefore only the midjejunum 
cannot be satisfactorily examined by routine endoscopy. 
However, given that most cases of malabsorption involve 
diffuse disease, this limitation may not be significant. 
Enteroscopy, which was developed in humans and which uses 
a much narrower, thinner endoscope, may allow examination 
of most of the jejunum. 

Abnormal findings on gross endoscopic examination include 
mucosal granularity and friability, erosions/ulcers, retained 

, mass lesions, and hyperemia/erythema. However, none 
of these characteristics is pathognomonic for particular dis¬ 
ease conditions, and gross findings frequently do not correlate 
w ith those of the histopathologic examination. A milky white 
appearance or a milky exudate is suggestive of lymphangiec¬ 
tasia, and the presence of intraluminal parasites may be diag¬ 
nostic in some cases. 
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Figure 222-10 Principle of differential permeability testing. 
Simultaneous administration of two probes selected to respond 
identically to each variable except mucosal permeability. The Y/X 
ratio provides a specific index of mucosal permeability. (Hall EJ: 
Small intestinal disease: Is endoscopic biopsy the answer? J Small 


Intestinal Biopsy 

In most cases of acute diarrhea 

needed, and intestinal biopsy is never performed. However, in 


tissue diagnosis is not 


Anim Pract 35 :408, 1994.) 
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chronic diarrhea a definitive diagnosis often depends ulti¬ 
mately on histologic examination of intestinal tissue, although 
this procedure has major limitations (see below). Biopsy speci¬ 
mens are collected, either endoscopic ally or surgically. The 
clear advantages of endoscopy to the patient and client are 
balanced by a number of drawbacks ( see Box 222-8), and the 
client should always be warned that surgical biopsy might 
ultimately be required for definitive diagnosis. A surgical 
option is also preferred if there is any possibility' of extrain- 
testinal disease or focal intestinal pathology. Biopsies should 
always be taken, even in the absence of gross abnormalities, 
because microscopic changes may be present Multiple endo¬ 
scopic biopsies (eight or more) should be taken, because the 
size of the specimens, crush artifacts, and fragmentation can 
make interpretation difficult 78 

The duodenum and proximal jejunum (if possible) are 
biopsied routinely by endoscopy, whereas ileal biopsies may 
be obtained via colonoscopy. Full-thickness, longitudinal, 
elliptical surgical biopsies usually are taken from at least three 
sites, the duodenum, the jejunum, and the ileum* 

Examination of Biopsies 

Although histopathologic assessment of intestinal biopsies 
remains the gold standard for diagnosis of intestinal disease, it 
has marked limitations. Biopsy specimens can be normal by 
light microscopy, which suggests that many diseases have a 
functional rather than a morphologic abnormality (Box 222-11) 
or that sampling problems have occurred. 78 Agreement 
between histopathologists often is poor. In a recent study, 
some histopathologists made a diagnosis of lymphoma after 
assessing tissues from healthy dogs. 7 ^ Histopathologic scoring 
schemes and standardized criteria have been suggested as a 
means of improving agreement (Box 222-12), but marked 
variability still exists. Therefore the primary clinician should 
always interpret results cautiously and in light of the clinical 
presentation, and results should be questioned if the tissue 
diagnosis does not fit the clinical picture or if the response to 
apparently appropriate therapy is poor. In some cases, repeat 
biopsy (e.g., by exploratory laparotomy) may be required. 
Cytologic examination of endoscopic biopsy squash prepara¬ 
tions or mucosal brush in gs may be a useful adjunct to 


IF# 


HI Tm 


Criteria for Histologic Assessment 
of Intestinal Biopsies 


Crypt-Villus Unit 

Villus height and width 
Villus clubbing/fusion 
Crypt depth 
Mitotic index 
Crypt abscessation 
Crypt to villus ratio 


Epithelium 

Erosions 

Enterocyte height 
Intraepithelial lymphocyte density 
Goblet cel! number/size 


Lamina Propria 

Immune cell density 
Predominant cell type 

Jr 

Lymphangiectasia 


Miscellaneous 

Hyperemia or congestion 

Edema 

Fibrosis 

Infective agents 
Neoplasia 


histopathologic examination. 80 Alternate examinations are 
largely research tools, but they can provide significant infor¬ 
mation. Examinations available include electron microscopy; 
biochemical assay of brush border enzymes; immunocyto- 
chemical characterization of B cells, T cells, and their subsets 
(e.g., CD4 and CD8 cells) 22 24 and MHC expression 24 - 25 ; cytokine 
expression 81 ; and assessment of T-cell clonality. 82 

Duodenal Juice 

Duodenal juice can be collected during duodenoscopy 
through a sterile polyethylene tube passed down the biopsy 
channel or by needle aspiration through the intestinal wall at 

laparotomy. However, collection of sufficient sample without 

blood and tissue contamination can be difficult. The sample 
can be examined for Gianfua trophozoites, although this has 
not proved reliable in diagnosis, 83 Alternatively, quantitative 
and qualitative aerobic and anaerobic cultures can be per¬ 
formed. This is the gold standard for diagnosis of SIBO, 

although there are major problems in interpretation* First, 
problems may arise from differences in the methods of col¬ 
lection (e.g., endoscopic aspiration versus needle aspiration) 
and from insufflation with air during endoscopy or dilution 
with endoscopic w T ash ( fluid, gastric juice, bile, or blood. 
Second, laboratory protocols for bacteriology may vary among 
laboratories, especially for obligate anaerobes. Third, large 
intraindividual variation exists in duodenal juice culture 
results, 16 with one report documenting a 7 log-unit difference 
between bacterial counts obtained on two separate occasions 
from an individual animal. 84 Fourth, because bacterial over¬ 
growth may occur in pockets, a single upper SI culture may 


Causes of Chronic Diarrhea for which Small 
Intestinal Biopsy May Be Normal* 


SIBO, ARD 

Dietary indiscretion 
Food intolerance 

Type I hypersensitivity to food (if dog is starved 
before biopsy) 

Toxigenic/secretory diarrheas 

Motility disorders/irritable bowel syndrome 

Brash border membrane disease (e.g*, hypo la eta sia) 

Patchy mucosal disease not sampled 

Intestinal sclerosis (if biopsies ore not full thickness) 

Undiagnosed EPI or colonic or systemic disease 


'Detection of histologic abnormalities depends on the size and 
quality of the biopsy, the quality of processing, and the expertise 
of the pathologist. 

ARD, antibiotic-responsive diarrhea; EPI, exocrine paiiLrealk. 
insufficiency; SIBO, small intestinal bacterial overgrowth. 
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mild or insignificant dehydration, and if vomiting is infrequent 
or absent, 85 although its efficacy should still be monitored. 
However, when diarrhea is accompanied by significant vomit¬ 
ing or dehydration, parenteral fluids should be administered at 
a rate that replaces deficits, supplies maintenance needs and 
compensates for ongoing losses. Patients with marked hypov¬ 
olemia require more aggressive support. 

The type of fluid and requirement for potassium supple¬ 
mentation is best judged by performing a minimum data base 
and blood gas analysis. Parenteral fluids are usually best given 
intravenously. The intraosseous route can be used if venous 
access is unavailable, but subcutaneous administration of 
fluids is likely to be inadequate. 

Diet Studies examining the role of diet in the treatment 
of acute diarrhea in dogs and cats are scarce, 86 Current recom¬ 
mendations are based on common sense and anecdotal evidence 
Best practice generally is considered to be withholding food 
for 24 to 48 hours and then feeding a bland diet, given little 
and often, for 3 to 5 days. Thereafter the original diet is gradu* 
ally reintroduced* In animals with no other significant clinical 
findings, this may be the only therapy required. Common 
choices of a bland, fat-restricted diet for dogs are boiled 
chicken or white fish or low-fat cottage cheese with boiled 
rice. Cats seem to have a lower tolerance to dietary starch and 
may benefit from a diet with a higher fat content. Little attention 
is paid to the overall nutritional adequacy of home-prepared 
bland diets when fed in the short term* 

This dogma of intestinal rest has been challenged by studies 
that demonstrate that feeding human infants during diarrhea 
promotes recovery. The success of such feeding through diarrhea 
varies depending on the cause, with most benefit seen in secre¬ 
tory diarrhea. However, in dogs and cats, secretory diarrhea 
is less common, the increased volumes of diarrhea may be 
cosmetically unacceptable, and the frequently contemporane¬ 
ous vomiting may preclude this approach. The inclusion of 
glutamine, a nutrient utilized preferentially by enterocytes, 
may also promote recovery and decrease bacterial transloca¬ 
tion, 87 ' 88 although experimental proof of improved intestinal 
integrity in animals is lacking, 88 

Theoretically, any intestinal disease may predispose the 
animal to the development of a food sensitivity, therefore 
feeding of a novel protein source during these periods may 
preclude the development of sensitivity to the staple diet. 
However, this concept of feeding of a sacrificial protein is sup¬ 
ported only by circumstantial evidence. 

Protectants and adsorbents Bismuth-subsalicylate, kaolin- 
pectin, montmorillonite, activated charcoal and magnesium, 
and aluminum and barium-containing products are often 
administered in acute diarrhea to bind bacteria and their toxins 
and to coat and protect the intestinal mucosa, but they may 
also have an anti secretory effect. Therapy for acute diarrhea 
with protectants, absorbents or motility modifying agents [see 

below) should not exceed 5 days. 

Motility- and secretion-modifying agents Anticholinergics 
and opiates or opioids (loperamide, diphenoxylate} are 
quently used for the symptomatic management of acute diar¬ 
rhea, but anticholinergic agents can potentiate ileus and are 
not recommended* Opiate analgesics were thought to exert 
their effects by stimulating segmental motility, but they actu¬ 
ally act mainly by decreasing intestinal secretion and promot¬ 
ing absorption and can be used in the short-term symptomatic 
management of acute diarrhea in dogs. They are contraindi¬ 
cated in cases involving obstruction or an infectious etiology. 

Antimicrobial therapy Antimicrobials are indicated only 
in animals with a confirmed bacterial or protozoal infection, 


not be entirely representative. Despite these problems, a strict 
cutoff for the upper limit of normal bacterial counts is often 
applied; this is inappropriate, because healthy dogs can have 
numbers in excess of this limit without showing clinical signs. 
Finally, a recent study has suggested that it does not aid in 
decision making for cases of GI disease. 77 Therefore, given all 
these limitations, routine diagnostic use of duodenal juice bac¬ 
terial culture is not recommended. 


Acute Small Intestinal Disease 

Potential causes of acute diarrhea are listed in Table 222-9, 
but whether a complete diagnosis is pursued and when therapy 
is instituted are clinical judgments. The diagnostic approach to 
acute diarrhea is discussed elsewhere. 

Patients that are bright, alert, and not dehydrated may 
require no further investigation, because signs are often self- 
limiting. Further investigation of acute diarrhea is indicated 
under the following circumstances: 

* The patient is dull or depressed, febrile, dehydrated, 
tachycardic or bradycardia or is having abdominal 
discomfort, melena, bloody mucoid stools, or frequent 
vomiting. 

* Obvious physical abnormalities (e.g., intestinal masses, 
thickening, or plication} localize the problem to the SI, 
and diagnostic imaging, non invasive biopsy, or surgery 
can define the cause. 

* Systemic abnormalities are present, as defined by a 
minimum database and other clinicopathologic tests. 

It is important that the patient be regularly re-evaluated 
to monitor the response to therapy and to detect any new 
abnormalities that may arise. 

Treatment of Acu te Diarrhea 

The initial management of acute diarrhea associated with 
systemic illness is symptomatic and supportive, and is com¬ 
menced on the basis of clinical findings, in particular the pres¬ 
ence of dehydration, w'hile the results of the initial data base 
and further tests are pending. 

Fluid therapy Oral fluid and electrolyte replacement ther¬ 
apy may be sufficient if acute diarrhea is associated with only 
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Table 




Causes of Acute Diarrhea 




EXAMPLES 


CAUSES 




Hypersensitivity (allergy), intolerance, 
sudden diet change, food poisoning 
(poor quolity, spoiled foods/bacterial) 
Food or other sources 
Parvovirus, corona virus, paramyxovirus, 
adenovirus, may or may not be 
FeLV/FlV related; also Salmonella, 
Campylobacter, Clostridium spp. (?) 
a nd Escherichia coli (?) 

Helminths; Cocddia , Ciardia spp* 


Dietary 


s 




Toxic 

Infectious 


fre- 


Parasites 

Acute pancreatitis 

Anatomic 

Metabolic 


Intussusception 
H y pood re n oco rtic i s m 


FeLV, feline leukemia virus, FIV, feline immunodeficiency virus*. 
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those in which a breach of intestinal barrier integrity is sus¬ 
pected from evidence of G! bleeding, and hence in those at 
risk of sepsis. Leukopenia, neutrophilia, pyrexia, the presence 
of blood in the feces, and shock all are indications for prophy¬ 
lactic antibiotics in animals with diarrhea. Initial choices in 
these situations include ampicillin or a cephalosporin (effec¬ 
tive against gram-positive and some gram-negative and anaer¬ 
obic bacteria]. If systemic translocation of enteric bacteria is 
suspected, antimicrobials effective against anaerobic organ¬ 
isms (e.g,, metronidazole or clindamycin] and "difficult" gram- 
negative aerobes [e.g., an aminoglycoside or a fluoroquinolone) 
are indicated. Intravenous quinolones have been shown to 
reach therapeutic concentrations in the canine gut lumen and 
can be effective against enterococci, E. coli, and anaerobes. 90 

Oxytetracycline, tylosin, and metronidazole are suitable for 
the treatment of SIBO. 

A four-quadrant, intravenous antibacterial regimen may be 
required If septicemia is likely, and suitable combinations 
would be a cephalosporin (or amoxicillin] or a fluoroquinolone 
(or amikacin) with metronidazole or clindamycin. However, 
aminoglycosides should not be given until the patient is volume- 
expanded. 

Probiotics Traditionally, many practitioners have recom¬ 
mended feeding live yogurt as a way of repopulating the intes¬ 
tine with beneficial lactobacilh after an acute G! upset. There 
is evidence in other species that probiotics do exert a positive 
effect on intestinal permeability and mucosal immune 
responses, although the effects may be species specific and 
present only while the probiotic is continuously adminis¬ 
tered. 91 Probiotics are now available for use in dogs and cats, 
and emerging data exist to support their use. 

Acute Diarrhea Induced by Diet t Drugs, or Toxins 
Altered food intake, probably the most common cause of 
acute, self-limiting diarrhea in dogs, includes rapid diet change, 
dietary indiscretion, dietary intolerance, hypersensitivity, 
and food poisoning. Dietary hypersensitivity {food allergy) 
is probably rare. Ingestion of drugs (e.g,, nonsteroidal anti¬ 
inflammatory drugs [NSAlDs] or antibacterials) or toxins 
(e.g., insecticides) also may cause vomiting and diarrhea. The 
history' may allow an educated, presumptive diagnosis to be 
made. However, the exact cause often is never determined 
because the patient is not systemically unwell and responds to 
symptomatic therapy. The prognosis usually is excellent, and 
only if the diarrhea does not respond or the patient deterio¬ 
rates is further investigation necessary. 

Hemorrhagic Gastroenteritis 

There are numerous potential causes of bloody vomiting and 
diarrhea, but hemorrhagic gastroenteritis (HGE) is the name 
given to a syndrome characterized by acute hemorrhagic diar¬ 
rhea accompanied by marked hem ©concentration. The cause 
of the syndrome is unknown, ft may represent an intestinal 
type 1 hypersensitivity reaction or could be a consequence of 
G pejjringens enterotoxin production. 93 

Clinical findings Dogs present with acute hemorrhagic 
diarrhea, with small breed dogs most frequently affected. 
Pyrexia is unusual, but vomiting, depression, and abdominal 
discomfort are common. The onset may be peracute and can 
be associated with marked fluid shifts into the SI, leading to 
severe hypovolemic shock even before signs of dehydration 
(e.g., decreased skin turgor) appear. 

Diagnosis A presumptive diagnosis of HGE can be made 
on the basis of appropriate clinical findings associated with a 
packed cell volume (PCV) of 55% to 60% or more. Total protein 

is often normal or not as high relative to the PCV. probably because 
ot intestinal plasma loss. Radiographs may demonstrate ileus. 


The absence of leukopenia and the presence of marked hemo- 
concentration help distinguish HGE from parvovirus. Positive 
fecal tests may support a diagnosis of dostridiosis, but direct 
evidence of SI infection is rarely obtained 93 

Treatment Intravenous fluids are essential in treating 
patients with HGE. Some patients become hypoproteinemic, 
and plasma or colloid support may be required. Parenteral 
antibiotics are often administered because of potential 
clostridial infection and the high risk of sepsis. Clinical 
improvement is usually noted within a few hours, though the 
diarrhea may take several days to resolve. Close patient 
toring is essential; patients that have not responded within 
24 hours should be re-evaluated for parvovirus, intussuscep¬ 
tion, or foreign objects. Once the patient is in the recovery 
phase, standard dietary therapy for acute diarrhea can be insti¬ 
gated, The prognosis for most animals with HGE is good, but 
if HGE is complicated by severe hypoproteinemia or sepsis, 
the prognosis is more guarded. 


mom- 


Infectious and Parasitic Causes of Acute Diarrhea 
Diarrhea caused by infectious and parasitic agents is considered 
common in animals that are young, immunologically naive or 
immunocompromised, housed in large numbers, or housed in 
unsanitary conditions. Parvovirus, Giardia , Salmonella r and 
Campylobaaer spp., and some helminths 


can be significant 
causes of diarrhea. The importance of coronavirus, C. perfringens, 
and £. coli as causes of diarrhea has yet to be defined. The 
zoonotic potential of many of these infections has not been 
clearly elucidated, but basic hygienic precautions should 
always be adopted. Specific SI infections are discussed below, 
but the reader is referred elsewhere for detailed information 
on other viruses such as paramyxoviruses, adenoviruses, feline 
leukemia, and immunodeficiency viruses, which also 

diarrhea but affect many other organ systems apart from the 
G1 tract. 


92 


cause 


VIRAL ENTERITIDES 


Most viral enteritides of dogs and cats, especially the parvovirus 
infections, cause an acute and usually self-limiting diarrhea, 
although severe cases in young or immunocompromised 
patients may be fatal. Canine parvovirus infection is described 
here as the index case for viral enteritides. 

Canine Parvovirus 

Canine parvovirus type 2 (CPV-2) is a highly contagious 
cause of acute enteritis. 94 It emerged as a pathogen in the late 
1970s, perhaps from a mutation of a feline vaccine as it is 

related to feline panleukopenia and mink enteritis viruses, 
CPV-2b has emerged as the most prevalent antigenic variant. 
There have been reports of cats being infected with CPV-2, 
but the severity of signs is much reduced. 

Infected dogs shed massive quantities of virus particles in 
feces during the acute illness and then for about 8 to 10 days 
afterward. Parvovirus is extremely stable and 
infectious in the environment for many months. Infection is 
acquired via the fecal-oral route and is more common in the 
summer months. The virus has an affinity for rapidly dividing 
cells and localizes to the intestine (crypt cells), bone marrow, 
and lymphoid tissues. It causes apoptotic cell death, leading to 
intestinal crypt necrosis and severe diarrhea, leukopenia, and 

lymphoid depletion, 95 

Clinical Findings 

Clinical signs of diarrhea typically occur 4 to 7 days after infec¬ 
tion Anorexia, depression, fever, vomiting, diarrhea (often 
profuse and hemorrhagic], and dehydration 


can remain 


are common. 
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Hypothermia and disseminated intravascular coagulation 
(DIC) are associated with terminal bacterial sepsis or endo- 
toxemia. Dogs of any age can be affected, but the incidence of 
clinical disease is highest in puppies between weaning and 
6 months. Puppies younger than 6 weeks usually are protected 
by maternal antibody. In dogs older than 6 months, males are 
more likely to become infected than females. Overcrowding, 

intestinal parasitism, concurrent infection with distemper 

virus, coronavirus, Giardia, Salmonella, or Campybbacter spp. 
can increase the severity of illness. 

Puppies infected in utero or shortly after birth may develop 
myocarditis and either die suddenly or develop cardiomyopa¬ 
thy if maternal antibody is absent. This situation rarely arises 
nowadays because widespread vaccination and infection have 
left few seronegative dams. Yet death stdl occurs, especially in 
young puppies, and particularly in susceptible breeds such as 
rottweilers, Dobermans, English springer spaniels, and American 
pit bull terriers, 96 Death is usually attributed to dehydration, 
electrolyte imbalances, hypercoagulability, endotoxic shock, 
or overwhelming bacterial sepsis related to mucosal barrier 
disruption and leukopenia. Infected dogs are immunosup- 
pressed and susceptible to catheter infections, 97 Endotoxemia, 
TNF activity, coliform septicemia, and proliferation of enteric 
C perfringens determine morbidity and mortality. 9 * 1 

Diagnosis 

Parvovirus should be suspected in young dogs with sudden 
onset of vomiting and diarrhea, especially if they are also 
depressed, febrile, or leukopenic or if they have been in con¬ 
tact with infected dogs. Leukopenia (often 500 to 2000 white 
blood cells per micro liter) may be detected in up to 85% 
of field cases and is very suggestive of parvovirus infection. 
It reflects neutropenia and lymphopenia. Neutropenia results 
from impaired bone marrow production with concurrent 
neutrophil loss through the damaged GI tract, and severe 
neutropenia crudely correlates with a poor prognosis* 

In the absence of leukopenia, clinical signs are indistin¬ 
guishable from those of other bacterial or viral enteritides, GI 
foreign bodies with peritonitis, or intussusception. Abdominal 
radiographs may reveal non-specific gas and fluid accumula¬ 
tion, and ileus. Biochemical abnormalities often include 
hypokalemia, hypoglycemia, prerenal azotemia, and increased 
bilirubin or liver enzymes. 

Definitive diagnosis requires demonstration of CPV-2 virus 
(orviral antigens) in the feces. Fecal ELISA is regarded as an 
accurate and specific diagnostic test but is most sensitive in 
the first 7 to 10 days when virus excretion is greatest. Single 
anti-CPV antibody determination in serum (by hemagglutina¬ 
tion inhibition) is not useful for diagnosis except in the presence 
of typical clinical signs in an unvaccinated animal, A rising IgG 
titer by paired serology provides only a retrospective diagnosis. 
Serum IgM analysis may provide evidence of recent infection. 

Treatment 

Treatment is supportive and is similar to regimens used in 
most animals with severe gastroenteritis. Intravenous fluid 
therapy usually is indicated and is continued until vomiting 
stops and oral intake resumes. A balanced electrolyte solution 
e*g., lactated Ringer's solution) supplemented with potassium 
and 2.5% glucose is often used. Plasma or whole blood infusions 
are given to treat severe hypoproteinemia or anemia. Antibiotics 
are used to control potentially fatal sepsis (see above). 

Traditionally, oral intake is withheld until vomiting has 
stopped for at least 24 hours; this may take 3 to 5 days in 
severe cases. Rather than avoid the oral route completely, 
it may be better to trickle feed small amounts of glutamine- 
containing solutions to reduce bacterial translocation. 8788 
Once vomiting has been controlled, small amounts of a bland 

diet are fed initially. Frequent or persistent vomiting can be 


managed with intermittent injections or constant-rate infusion 
of metoclopramide, once intestinal obstruction has been ruled 
out. Phenothiazines (e.g., chlorpromazine) can be used if meto- 
dopramide is ineffective and the animal has been rehydrated. 
Administration of corticosteroids is of unproven benefit 
and is probably best limited to dogs with severe endotoxic 
shock. Flunixin meglumine is best avoided because of its 
adverse effects on the GI tract and kidneys. Antiendotoxin 
therapy has been useful in some patients," but the timing of 
antiendotoxins in relation to antibiotic therapy may be impor¬ 
tant* Because antibiotics may increase endotoxin liberation, it 
may be preferable to administer anti endotoxin serum before 
antibiotics. However, one study showed that the use of the 
antiendotoxin rBPlji had no beneficial effect on survival, 1 ' 00 
and in another study, use of antiendotoxin was correlated with 
decreased suvival. 101 Administration of recombinant human 
granulocyte colony-stimulating factor (G-CSF) to neutropenic 
parvoviral enteritis patients may raise neutrophil counts but is 
of no clinical benefit, 102 because the endogenous G-CSF con¬ 
centration is already elevated. 103 In contrast, administration of 
feline interferon-omega was found to improve clinical signs 
and reduce mortality. 104 

Prognosis 

Severe infection and leukopenia are associated with a high 
mortality rate, but most dogs with parvovirus recover if dehy¬ 
dration and sepsis are treated appropriately. Complications 
include hypoglycemia, hypoproteinemia, anemia, intussuscep¬ 
tion, and secondary bacterial or viral infections. 

Prevention 

Prevention is achieved by limiting exposure to the virus, ade¬ 
quate disinfection (1:32 dilution of sodium hypochlorite 
bleach), and vaccination. 94 Vaccination is an effective means of 
preventing and controlling CPV-2, but maternal antibody inter¬ 
ference is a problem. Maternally derived antibodies (MDAs) 
can persist for up to 18 weeks and can interfere with vaccina¬ 
tion, although most modem vaccines can overcome MDAs by 
10 to 12 weeks of age* Modified live CPV-2 vaccines are most 
commonly used; killed vaccines provide less duration of immu¬ 
nity but may be recommended in pregnant dogs and puppies 
younger than 5 weeks. Vaccines may differ in efficacy; low- 
passage, high-titer vaccines are considered most effective, and 
only one injection at or after 12 weeks may be needed. 105 In 
susceptible breeds and dogs in high-risk areas, vaccination may 
begin at 6 to 8 weeks of age and be repeated every 3 to 4 weeks 
until 18 weeks of age. There is good correlation between 
the antibody titer and resistance to infection with canine par¬ 
vovirus. Annual revaccination is currently recommended. 

Feline Parvovirus (Feline Panleukopenia) 

Feline panleukopenia is a highly contagious infection of cats 
that causes severe acute diarrhea and death, similar to canine 
parvovirus. Mortality in young kittens is high (50% to 90%), 
therefore the prognosis is guarded until the vomiting and 
diarrhea stop and the leukopenia resolves. 

Canine Coronavirus 

Canine coronavirus (CCV) can cause diarrhea of variable 
severity in dogs. 94 Transmission is by the fecal-oral route. The 
incubation period is 1 to 4 days, and infected dogs may shed 
virus intermittently for months after clinical recovery. 
However, the significance of coronavirus as a primary 
pathogen is unclear. Experimental inoculation is associated 
with only mild disease and CCV infection, and antibodies 
against CCV are present in many healthy and diarrheic dogs. 
Infection is very prevalent, particularly in animal shelter and 
laboratory dogs. Most CCV infections are probably subclini- 
cal, although severe enteritis may occur in dense populations 
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or with concurrent infections. In such situations, vaccination 
may be helpful. 

Feline Enteric Coronavirus 

Feline enteric coronavirus [FECV) is ubiquitous in the cat 
population. Mild to moderately severe diarrhea, which may be 
associated with weight loss, is seen in kittens infected with 
FECV* Inapparent infection is common in normal cats, many of 
which shed FECV in feces and are seropositive. FECV infec¬ 
tion is important, because enteric corona viruses may mutate 

to feline infectious peritonitis virus (FIPV), 


Diagnosis 

Because the bacteria are fragile, the diagnosis is best made 
by isolating them from fresh feces. The presence of slender, 
seagull-shaped bacteria on a stained fecal smear yields a pre¬ 
sumptive diagnosis. 

Treatment 

Animals with severe hemorrhagic mucoid diarrhea should be 
treated with erythromycin, or quin clone antibiotics such as 
enrofloxacim Fluoroquinolones may be preferred, because 
erythromycin may cause vomiting, but the efficacy of the 
former has not been critically evaluated. Resistance to antibi¬ 
otics has been reported, and post-treatment cultures should 
be performed to document eradication. It is important that 
the owner be instructed in hygienic precautions to prevent 

zoonotic infection. 


Intestinal Feline Infectious Peritonitis 


An unusual manifestation of feline Infectious peritonitis (FIP) 
of isolated mural intestinal lesions has been reported. 106 
Predominant clinical signs were diarrhea and vomiting, and all 
cats had a palpable mass in the colon or ileocecocolic junc¬ 
tion, Affected intestine was markedly thickened and nodular, 
with multifocal pyogranulomas extending through the intesti¬ 


Prognosis 

The prognosis for recovery usually is good. 

Salmonella spp 

Salmonella organisms are gram-negative motile rods that can 
cause significant clinical signs in dogs and cats and that have 
a zoonotic potential Asymptomatic carriage is common, and 
Salmonella bacteria have been isolated from the feces of up 
to 30% of healthy dogs and 18% of healthy cats. Clinically 
significant disease is unusual and occurs most frequently 
in young, parasitized, kenneled, or immunocompromised 

animals. 


nal wall 


Feline Immunodeficiency Virus 

Infection with feline immunodeficiency virus (FIV) is associ¬ 
ated with a 10% to 20% incidence of chronic enteritis. Although 
secondary and opportunistic infections may be responsible for 
signs, sometimes no other etiologic agent can be identified, 107 
Anorexia, chronic diarrhea, and emaciation are typical. Palpably 
thickened bowel loops reflect chronic enteritis with trans mural 
granulomatous inflammation. 

Feline Leukemia Virus 

Among its many manifestations, feline leukemia virus [FeLV) 
infection can be associated with fatal peracute enterocolitis 
and lymphocytic ileitis. 

Toro virus 

A torovirus-like agent has been isolated from the feces of cats 
afflicted with a characteristic syndrome of chronic diarrhea 
and protruding nictitating membrane. 106 However, a clear 
association with clinical signs was not demonstrated. 


Clinical Findings 

Three scenarios may follow infection: asymptomatic carriage, 
gastroenteritis, or bacteremia and endotoxemia. Significant 
infection causes acute diarrhea that ranges from mild to 
severe and bloody, as well as anorexia, pyrexia, abdominal 
pain, and vomiting. Bacterial translocation from the gut lumen 
may result in septicemia, endotoxemia, DIC, and death in 
susceptible animals. 

Cats with Salmonella infection may show only vague signs 
(e.g., pyrexia, leukocytosis, and conjunctivitis) and no gas¬ 
trointestinal signs. An acute febrile illness and diarrhea, known 
as songbird fever, has been reported in cats after ingestion of 
dead songbirds infected with Salmonella typhimurium , 

Diagnosis 

Diagnosis is based on the isolation of Salmonella organisms from 
feces or from blood in septicemic patients. Ciinicopathologic 
features are nonspecific Hyperkalemia and hyponatremia, 
suggestive of hypoadrenocorticism, may occur. 

Treatment 

Antibiotic treatment may promote bacterial resistance and a 
carrier state and is not recommended when Salmonella bacte¬ 
ria are isolated from healthy infected animals or stable animals 
with acute diarrhea. In animals with severe hemorrhagic diar¬ 
rhea, marked depression, shock, persistent pyrexia, or sepsis, 

parenteral antibiotics should be given. The choice of antibiotic 

should be governed by sensitivity testing when possible, 
but fluoroquinolones appear to be effective against many 
Salmonella spp, 110 Therapy initially should be given for 10 days, 
but prolonged therapy may be required. The feces should be 
recultured on several occasions to ensure that the infection 
has been eliminated. 


BACTERIAL ENTERITIDES 


Most GI infections by pathogenic bacteria are associated with 
acute diarrhea; however, because these bacteria sometimes 
can be isolated from healthy animals and from those with 
chronic diarrhea, confusion exists about the significance of these 
organisms. Enterolnvasive bacteria such as Campylobacter 
spp., Salmonella spp., Shigella spp., and Yersinia enterocolitica 
all can be pathogenic and yet may be isolated from healthy 
animals. The incidence of infection is greatest in young, ken¬ 
neled animals and immunocompromised patients. Although 

these organisms may present a zoonotic risk, attempting to 

eradicate them with antibiotics may be unhelpful and unnec¬ 
essary and may even induce a carrier state. 


Campylobacter spp. 

Campyhhacter jejuni and G upsaliensis have been associated 
with intestinal disease in dogs and cats, although experimen¬ 
tal infection of dogs causes only transient signs. 109 Most infec¬ 
tions are asymptomatic, with carriage rates in healthy dogs 
and cats of up to 50%; kenneled and young animals have the 
highest isolation rates. Clinically significant disease is usually 
restricted to young, parasitized, or immunocompromised ani¬ 
mals. Clinical signs are watery, mucoid, or hemorrhagic diar¬ 
rhea accompanied by vomiting, tenesmus, pyrexia, and 

Concurrent infection with Qiardia or Salmonella 


Progn os is 

The prognosis for diarrhea associated with Salmonella infection 
in most cases is good, A guarded prognosis should be given in 

patients with septicemia. Negative prognostic indicators include 
peracute onset, marked pyrexia (temperature over 40° C), 


anorexia. 

spp,, parvovirus, or coronavirus causes more severe disease. 
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hypothermia, severe hemorrhagic diarrhea, degenerative left 
shift, and hypoglycemia, 

Clostridium spp. 

C perfringens, C difficile ; and other clostridial species are part of 
the normal resident microflora of dogs and cats but may cause 
diarrhea as a consequence of enterotoxin production. 131112 

C difficile can produce two toxins (A and B) and is respon¬ 
sible for anti biotic-associated pseudomembranous colitis in 
humans. It has been incriminated as a cause of chronic diarrhea 
in dogs. 

Enterotoxin-producing C perfringens has been associated 
with diarrhea in hospital kennels and with acute and chronic 
GI signs. Examination of a Diff Quik-stained fecal smear for 
safety pin—shaped, G pcr/rmgens^contai nin g spores has been 
suggested as a simple screening test, because enterotoxin elab¬ 
oration was believed to coincide with sporulation. However, 
this supposition has been disproved by the measurement of 
C perfringens enterotoxin in feces in the absence of spore 
formation. 113 Furthermore, enterotoxin can be detected in the 
feces of healthy dogs, Although SI diarrhea may occur, most 
dogs show signs of LI diarrhea, and a causal relationship to 
diarrhea remains to be proven, 

Esch en chia coli 

The role of enteropathogenic (EPEC) and enterotoxigenic 
(ETEC) E. coli as a cause of diarrhea in dogs and cats is unre¬ 
solved, Although many strains are normal commensals, some 
are a significant cause of acute diarrhea, and other isolates 
may cause chronic diarrhea. 37 The attachment of ETEC 
organisms and subsequent release of heat-labile, heat-stable 
and Shiga-like toxins may cause acute diarrhea, EPEC bacte¬ 
ria attach to the mucosa, cause effacement of microvilli, and 
produce profound malabsorption and diarrhea without 
ing marked changes on light microscopy [Figure 222-11), 
Identification of pathogenic strains requires specialized assays, 
such as bioassays for toxins and genome probes for identifica¬ 
tion of pathogenicity markers, and isolation does not prove 
causation. 37 


Yersinia pseudotuberculosis 

Yersinia pseudotu hercu la sis can be ingested when c ats eat infected 
rodents or birds. The bacteria infect the GI tract, liver, and 
lymph nodes, causing marked weight loss, diarrhea, anorexia, 
lethargy, jaundice, and mesenteric lymph adenopathy. Treatment 
may be attempted with oxytetracycline or trimethoprim- 
sulfa, but the disease usually is progressive and fatal. 

I 

Tuberculosis 

In dogs and cats, Mycobacterium spp. cause multisystemk, 
granulomatous infections that occasionally involve the GI tract. 
Cats may develop SI infection with Mycobacterium bovis from 
drinking infected cow's milk; the infection is associated with 
vomiting, diarrhea, weight loss, mesenteric lymph adenopathy, 
and peritonitis. 

Miscellaneous Bacteria 

Many GI bacteria may be opportunistic pathogens, and occa¬ 
sionally clinical signs are related direcdy to a specific organism. 
Bacillus piliformis is a rare disease that causes acute, fatal diar¬ 
rhea in puppies and kittens [Tyzzer’s disease). No effective 
treatment has been described. Providenda alcalifaciens was 
reported to cause primary bacterial enteritis in three dogs, 115 


RICKETTSIAL DIARRHEA (SALMON POISONING 


Neorickettsia hebninthoeca and Neorickettsia elokominica are 
found in the metacercariae of the fluke Nanophyetus salmoni- 
cola , w'hich is present in salmon in the western regions of the 
Cascade Mountains from northern California to central 
Washington, About a week after ingestion of infected salmon 
by dogs, the rickettsiae emerge from the mature fluke and 
cause a disease characterized by high fever, hemorrhagic gas¬ 
troenteritis, vomiting, lethargy, anorexia, polydipsia, nasal - 
ocular discharge, and peripheral lymphadenopathy. Mortality 
is extremely high in untreated patients. 

The diagnosis is based on a history of ingestion of raw fish 
in an endemic area, the detection of operculated fluke eggs in 
feces, and the presence of intracytoplasmic inclusion bodies 
in macrophages from lymph node aspirates, Oxytetracycline 
(7 mg/kg given intravenously three times a day) is die treatment 
of choice and should be continued for at least 5 days. The 
trematode vector is eradicated with praziquantel* 


caus- 


UA 


Enteroadherent Organisms 

Enteroadherent E , coli and other adherent organisms, includ¬ 
ing Streptococcus spp., have been reported to cause chronic 
diarrhea in dogs. 








ALGAL INFECTIONS 




Toxic algal blooms can lead to acute gastroenteritis and death 
in animals that drink contaminated water Blue-green algae 
can synthesize an anticholinesterase that induces vomiting, 
diarrhea, ataxia, and rapid death in dogs. Prototheca spp, are 
achlorophyllous algae that cause protothecosis. Typically a 
cutaneous infection in cats, in dogs it can involve the intestine. 
LI disease is more common, but fatal disseminated disease 
affecting the SI has been reported. 








FUNGAL INFECTIONS 


Pv 


Low numbers of fungi are found in the normal intestinal 
microflora and are generally not pathogenic. However, under 
the right circumstances, such as immunosuppression, they may 
invade the intestinal mucosa and even disseminate throughout 
the body. The incidence of these diseases varies worldwide; 
some are ubiquitous, some are localized to tropical and sub¬ 
tropical areas, and some 
Intestinal infection with 
Hand fungi is called phvavvycosis Of all 


p' 
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Figure 222-11 Electron micrograph showing attaching and 
effacing Escherichia coli organisms on the luminal surface of an 
enterocyte, causing widespread microvillus damage, (Courtesy 
RJ. Higgins and G.R, Pearson 1 
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variety of poorly septate molds 
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Pythium spp. (pythiosis) is by Far the most common, Pythium 
insidiosum may cause a primary intestinal infection. 

Pythiosis 

Pythiosis occurs sporadically throughout the world in tropical 
and subtropical climates. In the United States, pythiosis is 
most common in the states bordering the Gulf of Mexico. 
Animals may develop intestinal infection by ingestion of 
zoospore-contaminated water. Intestinal disease is seen most 
commonly tram fall to spring after infection in late summer, 
when environmental conditions of warm, swampy water favor 
fungal growth. 

History and Clinical Signs 

Infection is more common in dogs than cats and typically 
occurs in young, large breed dogs under 3 years of age. Hunting 
dogs working in swamplike environments are the most likely to 
be exposed to infection. The organism can infect any part of the 
GI tract, hut SI infection causes chronic, intractable, and some¬ 
times bloody diarrhea. Vomiting, anorexia, depression, and pro¬ 
gressive weight loss are usually noted. Infection is characterized 
by regions of transmural pyogranulomatous inflammation and 
ulceration. The bowel wall becomes greatly thickened, which 
may eventually result in partial or complete obstruction. 

Diagnosis 

On physical examination the most consistent findings in dogs 
with intestinal pythiosis are emaciation, with either one or more 
palpable abdominal masses or a thickened, irregular segment of 
bowel. Mild to moderate nonregenera live anemia and a mild 
neutrophilia with or without a left shift are typical. Definitive 
diagnosis can be made only by demonstration of branching, 
poorly septate or nonseptate hyphae in the tissues, because 
grossly, the mass or masses can resemble neoplasia at laparo¬ 
tomy. The organisms stain poorly with hematoxylin and eosin or 

periodic acid-Schiff (PAS) but 

methenamine silver stain. Recently an ELISA and a polymerase 
chain reaction (PCR) test have been developed. 116 - 117 

Treatment and Prognosis 

The prognosis for phyoomycosis is grave. Conventional treat¬ 
ment involves surgical excision followed by antifungal treat¬ 
ment. However, lack of ergosterol in the cell membrane makes 
azole derivatives largely ineffective. Euthanasia is often neces¬ 
sary, either because surgical excision is impossible or because 
of recurrence and wound dehiscence. 

Zygo mycosis 

Other organisms have been isolated sporadically from 
of phycomycosis and are opportunistic pathogens in immuno- 
suppressed patients. They are from the Zygomycetes class 
(zygomycosis), and include members of the Entomophthoraceae 
(e.g., Basidiobolus spp., Comdiobolus spp,) and Mucoraceae 

(e,g., Absidta spp., Rhizopus spp., Mweorspp., MortiereBa spp.). 

Histoplasmosis 

H, eapsulatum sometimes disseminates throughout the body, 
including the GI tract. 


through the milk. Infection is also caused by ingestion of the 
ova or of other hosts, such as rodents. The adult nematodes live 
in the SI. Migrating juvenile T canis can cause hepatic, pul¬ 
monary, and occasionally ocular damage. T canis presents a 
public health problem (i.e*, visceral and ocular larva migrans). 

Clinical Findings 

Roundworms most often cause disease in young animals, and 
common signs are diarrhea, weight loss, or failure to thrive. 
A poor haircoat and a potbelly may be evident in puppies 
or kittens. Intestinal obstruction and perforation have been 
described in severe cases. 

Diagnosis 

Almost all puppies can be presumed to have T canis infection. 
The diagnosis is made by fecal flotation (see Figure 222-7). 

Trea intent 

A wide range of anthelmintics is effective against roundworms 

(Table 222-10). Treatment should be repeated at 2- to 3-week 
intervals in affected animals. Young animals should be rou¬ 
tinely wormed at 2 t 4, 6, 8, 12, and 16 weeks of age and then 
at least at 6-month intervals. It is important to ensure proper 
hygiene to stop reinfection or spread. T. canis can he con¬ 
trolled by administering fenbendazole to pregnant bitches at 
an oral dosage of 50 mg/kg given daily from day 40 to 2 days 
after whelping. 

Hookworms 

Ancylostoma camnum is the most important hookworm of 
dogs and is associated with blood loss and hemorrhagic enteritis. 
Ancylostoma tubeforme is the most common hookworm in cats 
hut is less pathogenic. Ancylostoma bmziliense occurs in dogs 
in the southern United States. 

Undnaria stenocephala is the hookworm of dogs in western 
Europe, although it also occurs in the northern United States 
and in Canada, Infection is most commonly reported in 
kenneled dogs, particularly greyhounds, and can be acquired 
prenatally, during lactation, by ingesting larvae, by migration 

of larvae through the skin, and by ingestion of a paratenic 
host. 


are evident with Gomori 


Clinical Findings 


Diarrhea, weakness, pallor, vomiting, dehydration, 
growth, and anemia are common in puppies with A caninum 
infection. The infection can cause a rapid and fatal anemia or 
a more chronic iron deficiency anemia. U. stenocephala does 
not suck large quantities of blood and cause anemia, although 
severe infestations may be associated with diarrhea. Larval 
migration of U, stenocephala causes pedal pruritus. 


poor 


cases 


Diagnosis 

The diagnosis is made by demonstrating ova in feces (see 

Figure 222-7). 

Treatment 

Appropriate anthelmintics are detailed in Table 222-10. For 
Ancylostoma infection in anemic puppies, pyrantel pamoate 
has been suggested as the treatment of choice because it acts 
very rapidly and is comparatively safe. Anemic puppies may 
require blood transfusion and supportive care. Monthly adminis¬ 
tration of milbemycin or ivermectin plus pyrantel pamoate 
has been approved for the prevention or control of hookworm 
in dogs. 

Tapeworms 

Dipylidium caninum is the most common tapeworm infecting 
dogs and cats in the United States and Europe Fleas are 
the intermediate host. Echinococcus granulosus is a tapeworm 

that uses dogs as definitive hosts, but humans and sheep 


HELMINTHS 


Helminthic infestation is common in dogs and cats. Some 
species are pathogenic in large numbers, and others are 

non pathogenic* 

Roundworm Ascorlds 

Toxocara can is and Toxascaris leonina are found in dogs, and 
Toxocara cati and Toxascaris leonina are found in cats. T. cams 

can he transmitted across the placenta and T canis and T cati 


an 
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Table 


Common Anthelmintic Medications for Dogs 


SPECTRUM OF ACTIVITY 


DRUG 


DOSAGE 


USUAL FORMULATION 


NEMATODE 


CESTODE 


83.2-300 mg/kg 

5 mg/kg 

6 mg/kg monthly 

20—100 mg/kg for 1—3 days Granules, paste, suspension 
50 mg/kg for 2 days 


Piperazine 

Pyrantel 

Selamectin 

Fenbendazole 

Mebendazole 


Tablet 

Paste 


Yes 


No 


Yes 


No 


Topical Spot-on 


Yes 


No 


Yes 


Taenia sp. 

Taenia, 

Echinococcus spp. 

Taenia, 

Dipytidium 
caninum ; 

(Echinococcus) sp p. 

Taenia M 

Ech inococcus spp., 

D. caninum 
Taenia sp., 

D. can inum 
Taenia sp., 

D. can in um 
Taenia , 

Echinococcus spp., 
Dcaninum 


Tablet 


Yes 


50 mg/kg 


Nit rosea note 


Ta b I et 


Yes 


(not Trichuris sp.) 


Pyrantel, febantel, 
praziquantel 
(combination) 
F^rontel, febantel 
(combination) 
Dichlorophen 


1 tablet/10 kg 


Tablet 


Yes 


1 mL/kg 


Suspension 


Yes 


200 mg/kg 


Tablet 


No 


Praziquantel 


5 mg/kg 


Injection, tablet 


No 


intermediate hosts. E, granubsus infection is not associated 
with clinical signs in dogs but is an important zoonosis. 
Various other Taenia spp. are also common in dogs and cats. 


Trea tment 

Infection is treated with thiabendazole or possibly fenbenda- 
zole or ivermectin (see Table 222-10). 


Clinical Findings 


Heavy infestations of D. caninum are only rarely associated 
with diarrhea, weight loss, and failure to thrive. There are 
usually no clinical signs except "'rice grains" (proglottids) in the 
perineal area or feces. 


PROTOZOA 


Coccidia 

Isospora spp, 

Isospora spp, are the most common cocddial parasites of 
dogs (Isospora cants, Isospora ohioensis) and cats (Isospora felts, 
hospora rivolta). Transmission occurs by ingestion of ova 
or paratenic hosts. Sporozoites are liberated in the SI and 
enter cells to begin development. The prepatent period ranges 
from 4 to 11 days, depending on the species. Isospora organisms 
are rarely associated with clinical signs. Puppies and kittens 
kept in unhygienic conditions or immunosuppressed animals 
may develop heavy infestations, which occasionally are associ¬ 
ated with diarrhea that is often mucoid but sometimes bloody. 

Isospora oocysts are found on direct examination of a fecal 
smear or by flotation. The infection is often self-limiting, but 
sulfadimethoxine (50 mg/kg given orally once daily for 10 days) 
or trimethoprim-sulfa (15 to 30 mg/kg given orally once daily 
for 5 days) can be used when clinical signs warrant treatment. 
The prognosis for recovery is good, 

Cryptosporidium sp, 

Cryptosporidium partem, a significant pathogen in humans, is 
not a single species but is composed of genetically distinct geno¬ 
types. Transmission occurs by the fecal-oral route. Molecular 
studies have shown that dogs may transmit the cattle genotype 
to hitmans but that specific cat and dog genotypes also exist, 113 
C. panmm has been associated with self-limiting diarrhea in 
dogs and cats and severe hemorrhagic diarrhea in immunocom¬ 
promised animals, 

Cryptosporidia] oocysts are extremely small (approximately 
1/10 the size of hospora oocysts) and require identification by 




Diagnosis 

A diagnosis of D, caninum infection is made by demonstrating 
characteristic egg capsules, contained in proglottids, obtained 
from the perineal area or feces (see Figure 222-7). 

Trea tment 

Treatment of D, caninum infection involves adequate flea con¬ 
trol (the animal and the environment) and administration of 
an appropriate anthelmintic (see Table 222-10). E. granulosus 
and other Taenia spp, are best controlled by routine adminis¬ 
tration of praziquantel (see Table 222-10). 

5 trongyfo ides s p. 

Strongyloides stercoralis is a small nematode that may cause 
hemorrhagic enteritis in young puppies. Infective larvae are 
ingested, transmitted transmammary or through penetration 
of the skin, and after migration through the lung develop in 

the SL 








3 > 




5 




Clinical Findings 


Signs of hemorrhagic enteritis occur in young puppies. 


Diagnosis 

Fecal evaluation using the Baermann technique or demonstra¬ 
tion of motile first-stage larvae in smears of fresh feces 

(sec Figure 222-7) helps differentiate larvae from Filaroides 

and mature hookworms. 
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fecal flotation and oil immersion microscopy or by intestinal 
biopsy. 

Paromomycin was reported to be effective against 
Cryptosporidium organisms in a cat. However, more recent 
studies have demonstrated that the drug's efficacy is poor 
and that it may cause acute renal failure. No other drugs 
are consistently efficacious, although nitazoxanide may prove 
to be effective. Fortunately, the disease is usually self-limiting 
in immunocompetent animals. 

Ciardia sp. 

Giardia sp. can affect both dogs and cats. The prevalence of 
infection in canine studies ranges from less than 2% to 100% 
in kennels. Cats are less commonly infected than dogs. The 
parasite is usually transmitted via the fecal-oral route. Ingested 
oocysts excyst in the upper SI, and trophozoites attach to the 
intestinal mucosa from the duodenum to the ileum. After 
multiplication of trophozoites, oocysts are passed in the feces at 
1 to 2 weeks after infection. Molecular epidemiologic studies 
indicate that giardiasis may be a zoonosis. 119 

Clinical findings 

Most infections are not associated with clinical signs. Clinical 
signs range from mild, self-limiting, acute diarrhea to severe 
or chronic small bowel diarrhea associated with intestinal 
protein loss and weight loss. 

Diagnosis 

Giardia infection can be diagnosed by demonstration of motile 
trophozoites in duodenal juice or on a fresh fecal smear or by 
demonstration of cysts by zinc sulfate fecal flotation. Shedding 
of cysts occurs intermittentiy, and three fecal analyses 
95% sensitive. Giardia antigen can also be detected by means 
of a fecal ELIS A, and this is the preferred method of diagnosis 
compared to zinc sulfate flotation performed by inexperienced 
technicians. 

Treatment 

Metronidazole is the drug most commonly used to treat 
Giardia infection in small animals. The standard dosage 
recommended for dogs is 25 mg/kg given orally twice daily for 
5 days; the standard dosage for cats is 10 to 25 mg/kg given 
orally twice daily for 5 days. The drug is effective at eliminat¬ 
ing Giardia infection in two thirds of infected dogs but may 
cause side effects at these high doses. 

Albendazole (25 mg/kg given orally twice daily for 2 days) 
and fenbendazole (50 mg/kg given orally twice daily for 
3 days) also eliminate Giardia infection. 120 Fenbendazole is 
preferred, because albendazole has been associated with bone 
marrow toxicosis, 121 Febantel (in a combination product with 
praziquantel and pyrantel pamoate) is also effective in dogs. 
Decontamination of the patient's coat by bathing and the 

patient's habitat by steam cleaning or cleaning with quater- 
nary ammonium compounds is advised to prevent reinfection. 
A Giardia vaccine is available for use in high-risk areas, and it 
has been shown to be effective in clearing infection from dogs 
that failed to respond to standard drug therapy 

Prognos is 

The prognosis is usually good. Some patients may require 
several treatments to eliminate infection, because reinfection 
is a significant problem. 


Furthermore, tissue samples collected from many cases have 
no obvious morphologic changes, in the future, new methods 
of investigation may better characterize functional and 
immunologic abnormalities. 

Management of Chronic Enteropathies 
The management of idiopathic enteropathies is essentially 
symptomatic If a specific diagnosis is made (e.g., lymphangiec¬ 
tasia, severe IBD, lymphoma), specific treatment modalities 
can be used (see below). However, in many circumstances the 
diagnosis is not obvious, often because of a lack of specific or 
marked histopathologic changes, and it usually is most appro¬ 
priate to perform treatments sequentially It is safest to com¬ 
mence with antiparasiticides, then a dietary trial, followed by 
an antibacterial trial, before finally attempting immunosup¬ 
pression. Such an approach may identify occult parasitism, 
antibiotic-responsive diarrhea (ARD) and diet-responsive 
conditions. However, because different treatments also lack 
specific activities, caution should be exercised in using treat¬ 
ment trials for diagnosis without prior investigation. 

An tl porn sits cides An appropriate trial of an anti parasiti¬ 
cide should eliminate the possibility of parasitic diseases, 
such as chronic giardiasis, that are difficult to diagnose. 
Fenbendazole (50 mg/kg given orally every 24 hours for 
3 days) is the most appropriate drug for these circumstances, 
although alternatives exist (e*g, f metronidazole or a febantel/ 
pyrantel/praziquantel combination). Given the highly infec¬ 
tious nature of Giardia organisms, all in-contact animals may 
need to be treated concurrently or reinfection may occur, 
which might suggest apparent treatment failure. 

Dietary management Dietary management is a very 
important treatment modality in most chronic enteropathies 
and can be used in different ways. For diagnosis and treatment 
of adverse food reactions, an anti gen-limited exclusion diet is 
most appropriate (see below). Dietary management also can 
be important in the symptomatic management of many idio¬ 
pathic enteropathies. The ideal diet is highly digestible, mod¬ 
erately fat restricted, lactose free, gluten free, not markedly 
hypertonic, nutritionally balanced, and palatable. 

Inclusion of moderately fermentable fiber (e.g., psyllium, 
ispaghula) is known to promote colonic health, and soluble 
fiber also promotes small intestinal health. 124 However, 
because dietary fiber can delay intestinal transit, its inclusion 
may be contraindicated for some intestinal diseases. Feeding 
the daily requirement in divided meals (usually between 
two and four) reduces the load on a compromised intestine. 
Feeding more frequently is unnecessary, because the rate 
of gastric emptying imposes natural trickle feeding of the 
intestine. 

Additional supplements include prebiotics such as fmcto- 
o 1 i gos acch a rides (F O S) and m ann an ol igos acch ari des. i & , 1 7, 1 2S r 1 26 

FOS has been shown to alter the constituents of the fecal 
flora, but the effect on the SI flora is limited. 

Antibacterials Antibacterials are indicated for specific 
conditions in which a bacterial pathogen has been docu¬ 
mented (see above), in the treatment of ARD or secondary 
SI BO, and in other chronic enteropathies, such as IBD, in which 
modulation of the flora may be required. The drugs most com¬ 
monly used in these circumstances are oxytetracydine, metronida¬ 
zole, and tylosin. The beneficial effects of such drugs may go 
beyond their antibacterial activity, with potential effects on the 
mucosal immune system. 

Immunosuppressive medication Immunosuppressive 

or anti-inflammatory drugs are indicated when evidence of 
mucosal inflammation is present and no underlying cause is 


123 


CHRONIC IDIOPATHIC ENTEROPATHIES 


Chronic enteropathies have historically been defined by histo¬ 
logic description oi the tissue, which provides little information 
as to the nature of the intestinal dysfunction or its etiology. 
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found. However, given that immunosuppression may lead 
to clinical deterioration in some cases, the diagnosis should 
be reviewed before institution of such therapy, especially 
if the diagnosis was made on the basis of endoscopic biopsy 
alone. 


of allergy and the development of allergies after a primary GI 
insult that damages the mucosal barrier For example, viral or 
parasitic enteritis can both damage the mucosal barrier and 
provide danger signals in the intestinal mucosa. Active immune 
responses, rather than tolerance, can then occur to bystander 
antigens (i.e., sensitization to dietary antigen), Dietary hyper¬ 
sensitivity may involve a variety of mechanisms, including 
type 1 (IgE mediated, immediate], type II (immune complex 
mediated), and type IV (delayed hypersensitivity) reactions. 


ADVERSE REACTIONS TO FOOD 


An adverse reaction to food is a repeat ble, unpleasant 
response to a dietary component that is a manifestation of an 
immunologic reaction to a dietary antigen (i.e., a true food 
allergy) or a non immunologic reaction (i.e,, an intolerance). 
Although different pathogenetic mechanisms are responsible 
for the two groups, the clinical signs are similar, and the 
approach to treatment is the same, usually involving exclusion 
of the offending food component. 

Food intolerance may be associated with a single ingredi¬ 
ent of a prepared food (e.g., lactose, preservative] that may be 
present in immunological]y unrelated foods. Conversely, con¬ 
firmed allergy to a specific food may impart allergy to related 
foods. In humans, food intolerance is diagnosed more fre¬ 
quently than hypersensitivity, but its true prevalence in small 
animals Is unknown. A recent study in cats demonstrated that 
29% of cats had adverse food reactions, and a further 20% 
responded completely to diet and did not relapse* 127 
However, the number of these reactions that were immuno¬ 
logic ally mediated was not documented, 

■ 

Food Allergy (Hypersensitivity) 

The prevalence of true food allergy is unknown because no 
reliable diagnostic tests are available. Furthermore, food 
allergy with GI signs may be more difficult to prove than cases 
in which dermatologic signs prevail. This is partly because 
other GI diseases may also respond (for nonallergenic reasons) 
to dietary manipulation (Box 222-13), The management of 

food allergy is simple: feed any food that does not contain the 
allergen, and the animal will be healthy. The difficulty for the 
clinician lies in the recognition of food allergy and the identi¬ 
fication of foods that must be excluded. 

Xfecha nisms 

Currrent hypotheses of food allergy propose one or a combi¬ 
nation of mechanisms that lead to breakdown of oral toler¬ 
ance: an inadequate mucosal barrier, abnormal presentation of 
dietary antigens to the mucosal immune system, or immune 
system dysregulation (see earlier discussion). Such hypotheses 
could explain both genetic susceptibility to the development 


Clinical Signs 


A contemporaneous association between ingestion of a par¬ 
ticular food and the onset of signs is suggestive of an immedi¬ 
ate {type I) IgE-mediated hypersensitivity, but mixed or 
delayed reactions are also possible. In such cases the inevitable 
delay between food ingestion and onset of signs obscures any 
causative link, particularly if repeated ingestion causes chronic 

disease. 


Clinical signs of food allergy generally involve the skin and 
GI tract (Box 222-1-4). Most case studies have focused on der¬ 
matologic signs, with few reports of food-allergic GI disease. 
Systemic signs (anorexia, lethargy) are rarely recorded, and 
urticaria-angioedema and even anaphylaxis seem rare. 
Concurrent skin and GI signs can occur but have been reported 
only rarely . 119 However, only 5% of human patients with 
gluten-sensitive skin lesions (dermatitis herpetiformis) have GI 
signs, yet intestinal histologic examination shows a subclinieal 

enteropathy in 95% of these individuals. 


izs 


Food-allergic skin disease The major sign of food-allergic 
skin disease is pruritus, which is nonseasonal and has no 


14 


ox 


Clinical Signs Recognized as Manifestations 
of Food Allergy 


Systemic Signs 

Anorexia 

Lethargy 

Pe r i p h e ra I lym p h a de n o p athy (cats) 
U rt ica rio-a n g ioedema 
Anaphylaxis 








Cutaneous Signs 

Primary papules 

Erythroderma 

Pruritus and self-trauma 

Secondary pyoderma 

Scaling 

Otitis externo 

Miliary dermatitis (cats) 

Eosinophilic granuloma complex (cats) 








I box 

Conditions that May Improve Clinically 
in Response to Dietaty Modification 










Food allergy 
Food intolerance 

Small intestinal bacterial overgrowth 

Inflammatory bowel disease 

Lymphangiectasia 

Exocrine pancreatic Insufficiency 

Pancreatitis 

Chronic gastritis 

Gastroesophageal reflux 

Gastric emptying disorders 

Portosystemic shunt 


G astro intestinal Signs 

Vomiting 
Hemat emesis 
Diarrhea 

Small intestinal—like signs 
Colitis-like signs 
Abdominal pain, “colic* 
Weight loss and/or stunting 
Altered appetite 
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characteristic distribution, although pedal pruritus, facial pru¬ 
ritus, and otitis externa may be noted. Excoriation, crusting, 
scaling, and lichenification arise through self-trauma and may 
predispose to secondary pyoderma. In cats, food allergy may 
also result in m il iary dermatitis, eosinophilic granuloma com¬ 
plex, or symmetric alopecia. 

Food-allergic gastrointestinal disease Signs of food- 

allergic gastrointestinal disease are not pathognomonic and 
include vomiting, diarrhea, abdominal pain, flatulence, borbo- 
rygmi, and weight loss or failure to thrive. 

Diagnosis 

The cornerstone of the diagnosis of a food allergy is the 
response to dietary manipulation. Clinical signs should resolve 
on exclusion of the offending dietary component and return 
with rechallenge. Unfortunately, objective criteria by which to 
judge such a response are lacking, and other diseases also may 
respond to dietary manipulation (see Box 222-14). Furthermore, 
diagnosis requires confirmation with rechallenge studies, but 
many clients refuse to pursue this. 

Indirect tests Given the difficulties of diet trials, indirect 
tests for food allergy have been devised; unfortunately, none 
are reliable in veterinary medicine. 

Antigen-specific serum antibodies to food components can 
be measured in vitro [by radioallergosorbent testing [RAST] 
or ELISA), and a number of laboratories now offer this com¬ 
mercially. In most situations IgG and/or lgE responses to dif¬ 
ferent food components are assessed. Subjectively, clinicians 
who use such tests believe them to be of value, but critical 
appraisal suggests that they are unhelpful 130 The use of such 
tests is flawed for many reasons. First, antibodies to food com¬ 
ponents can be found in normal individuals, therefore the 
presence of antibody in an affected individual may be inci¬ 
dental Second, because vaccines may contain bovine serum 
albumin, individuals may develop antibodies to beef antigens. 
Third, some tests assess only IgG responses, therefore they 
may miss humoral responses of other antibody classes and 
cell media ted responses. Fourth, because the affinity of anti¬ 
bodies formed to a particular antigen in different individuals 
may vary, not all may be detected in the immunoassay, and 
some may not react at all (if the in intro antigen is not rele¬ 
vant). Fifth, the presence of antibodies does not necessarily 
prove primary food hypersensitivity, because the antibodies 
they may have arisen secondary to another underlying disease 
process (e.g., IBD), 

It has been shown that dogs with chronic GJ disease aris¬ 
ing from a number of causes had greater levels of food-specific 
IgG than healthy or atopic dogs. )3ft However, these findings 
did not correlate with the animals 1 response to exclusion diet 
trials. Thus any perceived benefit of dietary modification after 
food antigen testing may be coincidental. Given that most 
clinicians do not go on to prove a causal association by food 
provocation, such an coincidence is misinterpreted. 

Skin testing has also proved unreliable in the diagnosis of 
food-allergic skin disease. 

Gastroscopic food sensitiinty testing (GEST), in which 
dietary antigens are instilled directly onto the gastric mucosa 
in an anesthetized patient, theoretically should give more 
specific results for cases presenting with G1 signs. However, 
correlation between the results of GFST and the results 
of clinical challenge trials is poor. The method is tedious, 
technically demanding, and prone to artifacts and detects 
only immediate hypersensitivities. Using the colonic mucosa 
as the testing surface [colonoscopic allergen provocation 
(CO LAP) testing] may he simpler hut has not been widely 

a d o pt ed 


Dietary trial (see below) Dietary trial is the only reliable 
way to confirm the presence of dietary sensitivity, although 
such trials do not distinguish food intolerance from allergy. 

Food Intolerance 

Gluttony, scavenging, and food poisoning are common and 
may be considered examples of food intolerance. However, 
these tend to occur as isolated incidents causing acute GI 
signs. In contrast, true food intolerances are repeatable, but 
they may be either predictable or unpredictable. Predictable 
food intolerances occur in any animal after ingestion of a con¬ 
taminated foodstuff or after consumption of 
toxin or excessive amounts of food. In contrast, unpredictable 
food intolerances (although repeatable in a susceptible indi¬ 
vidual) are the result of idiosyncratic reactions. Reasons for 
idiosyncrasies include differences (genetic or otherwise) in 
intestinal enzyme activities, intestinal permeability, postab¬ 
sorption metabolism, and mast cell stability, as well as differ¬ 
ences in the intestinal flora. 

Mechanisms 

Most of the suggested mechanisms of food intolerance are 
complex and often extrapolated from humans and conse¬ 
quently may not be valid for dogs and cats. 

Food poisoning Food poisoning incidents are most 
common in dogs that scavenge. Clinical signs are the result of 
toxicosis, usually caused by the presence of a toxin or by con¬ 
tamination with toxin-producing organisms. Furthermore, the 
term food poisoning also can be applied to infection by organ¬ 
isms that have multiplied in the food and subsequently cause 
acute GI signs. 

Pharmacologic intolerances These food intolerances result 
from the presence of pharmacologically active compounds (e + g., 
chocolate poisoning caused by excessive intake of methylxan- 
thines). In humans, intolerances may result from naturally 
occurring compounds (e,g., vasoactive amines, cardiac glyco¬ 
sides, plant alkaloids, and fungal hallucinogens) or substances 
produced by intestinal bacterial metabolism. Similar reactions 
are likely to occur in animals, although reports are lacking. 

Pseudoollergic mechanisms These adverse reactions 
histamine mediated, although they arise from nonimmuno- 
logic mechanisms. A high histamine concentration may be 
present naturally in some foods (e.g., tuna, mackerel, and 
some commercial dog foods) or because of histamine-produc¬ 
ing bacteria (e.g., cheese or canned fish contaminated with 
Proteus or Klebsiella organisms). Some foods (e.g., shellfish, 
strawberries) and food additives (e.g., tartrazine) 
histamine release from mast cells without lgE mediation. This 
mechanism is well documented in humans, 133 but its rele¬ 
vance to small animal food intolerances is unknown. 

Metabolic reactions Such reactions are poorly docu¬ 
mented in small animals. Carbohydrate malabsorption and 
intolerance may be features ofanumberof intestinal diseases, 
whereas specific intolerance to lactose can be associated with 
lactase deficiency (see earlier). However, allergy to bovine 
milk proteins or previously subelinkal intestinal disease may 
be the reason for clinical signs in animals that react adversely 
to milk ingestion. 


recognized 


are 


can cause 


Clinical Signs 


The clinical signs of food intolerance, which are related to the 
GI tract, include vomiting, diarrhea, and abdominal discom¬ 
fort. However, pruritus and even anaphylaxis are possible if 

histamine release is involved 
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Diagnosis 

The only reliable means of diagnosing food intolerance is by 
monitoring the responses to an exclusion diet and subsequent 
diet challenge. Again, such trials do not define the exact 
pathogenetic mechanism involved. The results of serologic 
lood allergy testing are unhelpful and may even complicate 
the diagnosis. 

Treatment 

Treatment is simple once a diagnosis has been made: avoid- 
a nee of the offending food prevents the occurrence of signs. 

Dietary Trials for Adverse Food Reactions 

Dietary trials are required to diagnose both food hypersensi¬ 
tivity and intolerance, but they do not distinguish between 
them. Objectivity in assessing the response to diet can be 
enhanced by measuring changes in intestinal permeability, 134 
although not all adverse reactions may cause such changes. 
Although histopathologic changes could also be used to mon¬ 
itor response, the lack of pathognomonic findings for food 
sensitivity makes interpretation difficult. 

Preliminary investigations There are no pathognomonic 
signs for adverse food reactions, and other major differential 
diagnoses (which may also respond to dietary change] should be 
ruled out before an exclusion diet trial is begun (see Box 222-13). 
After a minimum database has been compiled, specific inves¬ 
tigations of the skin and GI tract should be performed. 
Ectoparasites and secondary skin infections, as causes of pru¬ 
ritus, should be diagnosed and treated before a food trial is 
considered. En do parasites should be excluded through exam¬ 
ination of three fecal samples or by empirical fenb end azole 
treatment. Intestinal biopsy should be performed to look for 
morphologic diseases, although in many cases no histologic 
changes are apparent or there may be overlap with changes 

seen in idiopathic IBD (Box 222-15). 

Exclusion The principle of an exclusion (elimination) 
diet is to feed dietary components to which the animal has not 
previously (or recently) been exposed.This diet should be the 
sole source of nutrition for the duration of the trial. Complete 
owner compliance is essential, and it must be stressed that all 
treats and supplements must be withheld. Options for exclu¬ 
sion diets include home-prepared diets, single-source protein 
diets r and hydrolyzed protein diets. Home-cooked diets have 
been preferred to commercial diets because of reports of 
relapse when patients are switched to an equivalent commer¬ 
cial diet. 13S r 136 However, many clinicians recommend the use 
of a commercial diet initially, because it is easier for the owner 
and thus compliance is enhanced. 


A traditional exclusion diet is composed of single protein 
and carbohydrate sources. If a home-cooked diet is used, it is 
unlikely to be nutritionally balanced, but this is not important 
for the short duration of the trial. Lamb or chicken with rice 
have been the standard choices, but given the increased diver¬ 
sity of commercial pet foods, these components are not always 
appropriate. Thus more esoteric food sources have become a 
requirement. An alternative to home-prepared diets is use of 
a commercial exclusion diet, and a wide range is now available, 
containing different sources of protein (e g., chicken, soy, fish, 
catfish, venison, or duck) and carbohydrate (e.g., rice, com 
[maize], tapioca, or potato). It should be possible to find an 
appropriate diet in most cases, although manufacturers cannot 
always guarantee a constant supply of diets with more exotic 
components. 

Recently, hydrolyzed protein diets, usually based on either 
chicken or soy protein, have become available. In principle, 
the hydrolysis process splits proteins into components of a 
molecular weight below that which would be expected to 
elicit an immune response. 137 To completely abolish all anti¬ 
genicity, peptides probably need to be less than 1 kD, and at 
that size they have a bitter taste. At the size achieved in palat¬ 
able hydrolyzed diets (7 to 10 kD), antigens should still be 

unable to cross-link IgE molecules on mast cells, and type I 
reactions would be abolished. However, the hydrolysis process 
itself might expose hidden antigenic epitopes. Hydrolyzed 
diets are also significantly more expensive to produce than 
standard exclusion diets, and both palatabiiity and owner 
compliance may be problematic. Nevertheless, such diets are 
currendy the easiest way to guarantee the feeding of novel 
antigens, and this approach may become the preferred 
method in the future. Preliminary studies have suggested a 
beneficial effect of such diets, 139139 although it had not been 
proved that such diets have an advantage over traditional 
single-source protein exclusion diets. 

Challenge Once remission is achieved, the animal should 
be challenged with the original diet to demonstrate relapse 
and confirm the diagnosis. Some animals may not relapse, 127 
perhaps because the mucosal barrier has been restored and 
further reactions are prevented. However, some clients refuse 
challenge, particularly if relapse is likely to bring recurrence 
of diarrhea. 


Rescue and provocation After relapse on challenge, for 
clients who are willing, a series of provocation tests can be 
performed to identify the offending food or foods. Remission 
is regained by "rescue" with the exclusion diet, and single 
foodstuffs are then introduced sequentially as provocation 
tests. If there is no relapse, the food is identified as "safe/' and 
the next food is tested; if there is a relapse, rescue is repeated 
and the food is identified as ' unsafe." 

Maintenance When all the offending foods have been 
identified, or at least sufficient safe ones have been recognized 
to permit the choice of a regular diet, the animal is main* 
tained on a safe commercial version. Studies in both cats 
and dogs have shown that, subsequent to the food trial, most 
animals can be maintained on one of the available antigen- 
limited diets. 135 - 136 
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Histologic Gastrointestinal Biopsy Changes 
Sometimes Suspected to be Manifestations 
of Food Allergy but also Seen in Other 
Gastrointestinal Diseases 


Intraepithelial lymphocyte infiltration 
Villus atrophy (partial or subtotal) 
Decreased enterocyte height 
Lymphopfasmocytic gastritis 
Lymphoplasmacytic enteritis 
Eosinophilic gastroenteritis 


Protocol A standardized protocol for food trials has not 
been established. The optimum duration for an exclusion diet 
trial is unknown, and 3 weeks has been chosen arbitrarily. 
However, cases of food-allergic skin disease may require up to 
10 weeks to respond. Response is considered to be quicker in 
cases of food-allergic GI disease, such that it is rarely necessary 
to feed the exclusion diet for this length of time when it may 
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become difficult to maintain owner compliance. Challenge 
trials and provocation tests are usually conducted for up to 
14 days but are discontinued earlier if signs recur on 2 consec¬ 
utive days. 

Trea t merit 

A number of gluten-free proprietary diets based on lamb, fish, 
ot chicken are available; these are often suitable as mainte¬ 
nance diets, and they are preferred over home-prepared meals 
because they are nutritionally balanced. Hydrolyzed diets are 
an alternative. Assuming a correct diagnosis, dietary manage¬ 
ment should be all that is required, and the diagnosis should 
be re-evaluated if treatment failure occurs, 

Gluten-Sensitive Enteropathy 

SI disease induced by the presence of dietary wheat gluten has 
been clearly documented in Irish setters. 1j4C3 - 141 The condition 
resembles gluten-sensitivity (celiac disease} in humans, 
although intestinal damage and clinical signs are less marked. 
Celiac disease shows a clear genetic predisposition with a 
strong association with the MHC II haplotype HLA-DQtoZ. 
In Irish setters, it is a familial condition with an autosomal 
recessive mode of inheritance. 142 However, unlike human 
celiac disease, there is no relationship with major histocom¬ 
patibility genes DQA and DQB, 142145 and the pathogenesis is 
different. The disease may affect other dog breeds, but it has 
not been reported in cats. Gluten sensitivity has been sug¬ 
gested in soft-coated wheaten terriers 144145 with protein¬ 
losing enteropathy and/or nephropathy* 

Path ogeti esis 

Despite the apparent similarities with celiac disease, the 
pathogenesis of gluten-sensitive enteropathy (GSE) is differ¬ 
ent. ,4e Clinical signs are caused by ingestion of the wheat 
protein gluten (or one of its digestion products), which is either 
directly toxic to the intestinal mucosa or induces an adverse 
immune reaction. Remission of clinical signs and histologic 
and biochemical changes occurs on a wheat/gluten-free 
diet, and signs relapse when gluten-containing diets 

reintroduced. 

In some studies, abnormal mucosal permeability that pre¬ 
cedes the development of disease has been documented in 
affected Irish setters. 147 This implies that a breakdown in the 
mucosal harrier may play an important role in the pathogenesis 
by permitting abnormal entry of gluten peptide. 147 In contrast 
with human celiac disease, immunoglobulin responses to gluten 
or endomysial antigens are not noted. 146 However, involvement 
of the immune system is suggested by the fact that increased 
lamina propria CD4+ T-cell populations and decreased 
CD8+ populations have been described in affected dogs. 14S 

The age of the animal at which gluten is introduced and 
the dose may affect expression of the disease, with some dogs 
becoming asymptomatic later in life, 149 The pathogenesis of 
Irish setter GSE, therefore, remains incompletely character¬ 
ized, and mechanisms distinct from those underpinning 
human celiac disease are likely. 

Clinical Signs 

Affected Irish setters typically present with poor weight gain 
and chronic intermittent diarrhea in the months after weaning. 
Histologic changes in jejunal biopsies show partial villus atro¬ 
phy and intraepithelial lymphocyte infiltration, with a variable 
lamina propria infiltrate. These changes resolve when a gluten- 
free diet is fed and relapse on wheat and gluten challenge. 

Treatment 

Successful treatment depends on the exclusion of gluten from 
the diet, and the use of a proprietary gluten-free food (re., 
lacking wheat, barley, or rye) is recommended. 


SMALL INTESTINAL BACTERIAL OVERGROWTH 


Norma Jy the bacterial population of the SI is controlled by a 
number of mechanisms (see above). Bacterial overgrowth is 
the uncontrolled proliferation of these bacteria 350 and, in 
humans, occurs secondary to a number of underlying disor¬ 
ders that interfere with the control mechanisms. Although the 
existence of SIBO in humans is not disputed, the subject is a 
source of controversy in small animal gastroenterology. In 
dogs, SIBO is best considered a clinical sign or a pathogenetic 
mechanism rather than a diagnosis. Historically, the term idio¬ 
pathic SIBO was used to describe an anti biotic-responsive 
condition of large breed (especially German shepherd) dogs 44 
for w T hich no underlying cause could be recognized. However, 
given concerns as to whether a true overgrowth exists in these 
cases, the alternative name of antihiatic-responsiw diarrhea has 
been suggested. 77 ' 153 Although cats might feasibly suffer from 
secondary SIBO, an idiopathic antibiotic-responsive condition 
similar to that seen in German shepherds has not been docu¬ 
mented in this species. 152 

Definition 

Genuine bacterial overgrowth is defined by an increase in the 
absolute number of bacteria in the upper SI during the fasted 
state (i.e., the number of colony-forming units cultured per 

milliliter of duodenal juice [CFU/mL]). The upper limit for 
normal bacterial numbers was defined in humans, and that 
number has been extrapolated to dogs. Controversy exists as 
to its validity, however, because the original work used a small 
number of dogs and questionable bacteriologic techniques. 15 
Subsequent studies with different collection methods and 
improved anaerobic culture techniques have demonstrated 
that a count equal to or greater than IQ 7 CFU/mL total bac¬ 
teria is commonly found in asymptomatic dogs. 15 Therefore, 
although a genuine bacterial overgrowth may exist in condi¬ 
tions equivalent to those in humans, defining the presence 
of SIBO based on the original numeric limit is flawed. In this 
chapter, cases with a documented underlying cause are 
defined as secondary 5/BO, and the term idiopathic ARD is 
used for idiopathic antibiotic-responsive conditions without 
an obvious underlying cause. 

Etiology and Pathogenesis 

Secondary SIBO SIBO can occur secondary to (1) dis¬ 
eases that result in excess substrate in the intestinal lumen 

l e.g., EPI, motility disorder, blind loop}, (2) diseases that 
affect the clearance of bacteria (e.g., partial obstruction, 
abnormal motility}, or (3) morphologic or functional derange¬ 
ment of the mucosa (Box 222-16}. Increased numbers of bac¬ 
teria in the upper SI cause malabsorption and diarrhea 
through several mechanisms. First, bacteria compete for nutri¬ 
ents; for example, by binding cob al am in and reducing its 
availability for absorption. Second, bacterial metabolism of 
nutrients can create products that provoke diarrhea (e.g. r 
hydroxylated fatty acids and deconjugated bile salts), leading 
to diarrhea from fat malabsorption and stimulation of colon o- 
cyte secretion. Finally, the bacterial flora may damage the 
mucosal brush border, and alterations in enzyme activity, 
wdiich reverse on antibiotic treatment, can be detected. 44 - 153 

Idiopathic ARD A number of hypotheses exist as to the 
cause of idiopathic ARD. Historically, hypotheses were based 
on the belief that a genuine increase in SI bacterial numbers was 
present and therefore pathogenesis was related to the mecha¬ 
nisms described above. An underlying defect allowing over¬ 
growth was not obvious, and suggested mechanisms such as 
abnormal intestinal motility or achlorhydria were not proved 

Gi ven that recent studies have questioned whether a gen¬ 
uine increase in bacterial numbers occurs, recent hypotheses 
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(but not in cats). Affected dogs show signs of chronic inter¬ 
mittent diarrhea accompanied by weight loss and/or stunting. 
Intermittent, watery diarrhea, often associated with excessive 
gas production (manifested as borborygmi and flatus), is seen 
most frequently. However, vomiting and signs of colitis are 
sometimes reported, and occasionally dogs are stunted yet 
do not have diarrhea. Activity levels are normal, and appetite 
is variable; most affected dogs have polyphagia, pica, or 
coprophagia, but few are anorectic. A positive response to 
antibiotics is expected, and the clinical condition may deteri¬ 
orate if corticosteroids are given. The major differential diag¬ 
noses are EPI and IBD, both of which are common in German 
shepherds. 

Secondary SI BO S1BO may occur secondary to numerous 
primary conditions (see Box 222-16), and clinical signs usually 
relate to the underlying condition. However, signs of secondary 
S1BO also can been seen and are indistinguishable from those 
of idiopathic ARD, with diarrhea predominating. When SIBO 
develops secondary to a partial obstruction or focal dysmotility, 
bacterial numbers can exceed 10 9 CFU/mL. 150 Clinical signs 
may be noted intermittently, because recurrent diarrhea can 
temporarily flush out the overgrowth. 

Using the historical numeric cutoff of 10 s CFU/mL total 
bacteria, secondary SIBO was considered common in chronic 
enteropathies, 156 In reality, true secondary SIBO is uncom¬ 
mon, with the exception of SIBO secondary to EPL An 
increase in SI bacterial numbers has been documented in 
experimentally induced EPI, although bacterial numbers 
decrease upon treatment of EPI with enzyme replacement. 
Therefore in many cases the SIBO itself is of no significance. 
However, a proportion of naturally occurring EPI cases 
respond suboptimally to pancreatic enzyme supplementation 
alone and may require concurrent antibiotic therapy. Given 
that the majority of dogs affected with EPI are German shep¬ 
herds, it is not clear whether this is the result of secondary 
SIBO or of a concurrent idiopathic ARE). 

Diagnosis 

The diagnosis of SIBO and ARD is controversial. In all cases it 
is critical that a thorough investigation be conducted to elim¬ 
inate causes of secondary SIBO before the patient is treated 
with antibacterials. In this regard, diagnostic imaging, espe¬ 
cially ultrasonography, is useful for ruling out partial intestinal 
obstructions. Systemic disorders should be ruled out with a 
minimum database, and EPI is eliminated by serum TLI assay. 
Fecal examination for parasitic and bacterial diseases is also 
mandatory. 

Idiopathic ARD Although both direct and indirect tests 
were previously advocated for idiopathic SIBO, recent studies 
have suggested that they are all of limited value, 77 One recent 
study demonstrated that neither indirect biochemical markers 
(folate, cobalamin, unconjugated bile acids) nor quantitative 
bacterial culture could reliably identify 
Therefore the only available diagnostic test for ARD is 
response to an antibacterial trial. However, such a diagnostic 
modality is appropriate only after thorough diagnostic inves¬ 
tigations have eliminated all other causes of an antibacterial 
responsiveness. 

Secondary SIBO Although numerous tests are available 
to document secondary overgrowth (see below), in practice it 
is more important to identify the underlying cause. 

Duodenal juke culture Quantitative aerobic and anaerobic 
culture of duodenal juice previously formed the gold standard 
for diagnosis. For dogs, increases in either total or anaerobic 

bacteria above the upper cutoff (1CF CFU/mL total bacteria 


Causes of Secondary Small Intestinal 
Bacterial Overgrowth 


Achlorhydria 

Spontaneous (atrophic gastritis) 

Add blockers 

Exocrine pancreatic insufficiency 
Partial intestinal obstruction 
Chronic intussusception 
Stricture 
Tumor 

Abnormal anatomy 

Surgical resection of ileocolic valve 
Blind loop 

Motility disorder 
Pri mary 

Hypothyroidism 
Mucosal disease 

Latent primary pathogens (?) 

Inflammatory bowel disease (cause or effect?) 

_ 

Chronic giardiasis ^ 

Dietary sensitivity (?) 


now focus on host-bacterial interactions. As was suggested for 
mouse models of enteric inflammation (see Table 222-1), 
ARD may develop secondary to defects in the mucosal bar¬ 
rier, aberrant mucosal immune responses, qualitative changes 
in the enteric bacterial flora, or a combination of these mech¬ 
anisms. Defects in the mucosal barrier are supported by stud¬ 
ies documenting abnormal permeability and the presence of 
brush border enzyme defects. 44153 A possible underlying 
selective IgA deficiency in the German shepherd breed has 
been postulated. 154 German shepherds with intestinal disease 
have defective small intestinal IgA production, although 
mucosal IgA4 plasma cell numbers In affected dogs are either 
normal or increased. The cause of this IgA deficiency is not 
clear, but a complex defect is likely, involving abnormalities 
either in the production and release of IgA from the plasma 
cell or in the pathway of translocation of IgA across the 
epithelium during secretion. 

Studies demonstrate that dogs with ARD have increased 
lamina propria CD4+ T cells and increased expression of 
certain cytokines. 81 j 155 It therefore is tempting to speculate 
that this represents immune dysregulation and perhaps a loss 
of tolerance toward endogenous bacterial antigens. Such a 
hypothesis is supported by the fact that antibacterials lead to 
resolution of clinical signs and decreased cytokine expression 
but not to a decline in bacterial numbers. 81 The fact that the 
most effective antibacterials are those with imm une-modu la ting 
properties (e,g,, oxytetracycline, metronidazole, tylosin) may 

support this hypothesis. 

An alternative hypothesis is that an unidentified pathogen 
is involved; candidates include intestinal Helicobacter spp. 
or enteropathogenic E. coll The predisposition of German 
shepherds to this syndrome could therefore be explained 
by genetic susceptibility to infection as a 
antigen expression. 

Clinical Presentation 

Idiopathic antibiotic-responsive diarrhea Idiopathic 

ARD is most commonly recognized in young German shep¬ 
herds, although cases have been reported in other dog breeds 
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or 10 4 CFU/mL anaerobic bacteria) were considered diagnostic. 
However, the validity of these cutoffs has been questioned, A 
count of 10 7 CFU/mL total duodenal bacteria has been docu¬ 
mented commonly in healthy dogs, and numbers as high as 
10 9 CFU/mL have been found occasionally in cats and asymp¬ 
tomatic dogs. 0 3 5 Some of the discrepancies may reflect diffi¬ 
culties and differences in the methodology, because numbers 
vary widely when individual animals are repeatedly sam* 
pled, 84 Use of an inappropriately low r cutoff value leads to 
overdiagnosis of SIBO, which probably explains why it has 
been reported in 50% of dogs with chronic intestinal dis¬ 
ease. 1 - 6 Culture of endoscopic biopsies has not been shown to 
be of greater diagnostic utility. 84 

The flora present in idiopathic antibiotic-responsive diar¬ 
rhea may be comprised predominantly of either aerobic 
anaerobic bacteria, but it tends to be a mixed population, 
with staphylococci, streptococci, coliforms, enterococci, and 
corynebacteria and anaerobes such as bacteroids, fusobacteria, 
and clostridia. These bacteria generally are commensals found 
normally in the oropharynx, small intestine, and large intes¬ 
tine. However, culture of fecal bacteria cannot be correlated 
with SI bacterial numbers and cannot be used to diagnose this 

condition. 


can also be seen with carbohydrate malabsorption or decreased 
orocecal transit time. Given these problems with interpreta¬ 
tion and the fact that protocols have not been standardized, 
breath hydrogen testing has not been widely adopted. 

Intestinal permeability Intestinal permeability, as mea¬ 
sured by 51 Cr-EDTA and differential sugar absorption, can be 
abnormal in SI BO and can improve after antibiotic treatment. 
However, such findings are not pathognomonic for either sec* 

ondary SIBO or idiopathic ARD. 


Lack of histologic changes on intestinal biopsy 


Histo¬ 
pathologic examination of intestinal biopsies is most often 
normal or demonstrates only subtle abnormalities. However, 
such findings are not pathognomonic, because other conditions 
yield similar results. Despite the lack of histologic evidence of 
inflammation, disturbances in immune cell populations have 
been noted, most notably increases in IgA+ plasma cells and 
CD4+ cells. However, such techniques have not been applied 
for routine diagnostic purposes. 


or 


Empiric response to antibiotics Currently, the best diag¬ 
nostic test for idiopathic ARD is, logically, the response to 
empirical therapy. However, a response to antibacterials is not 
specific and indeed may be beneficial in IBD, infectious diar¬ 
rhea, and even a range of nonenteric diseases such a portovas- 
cular anomalies. Furthermore, response to antibiotic therapy 
does not discriminate idiopathic ARD from secondary SIBO. 
Therefore an empirical response to antibiotics is valid only 
after thorough diagnostic investigations have eliminated other 
possible causes. 

The suggested criteria for a diagnosis of idiopathic ARD 
are (1) a positive response to the antibiotic trial based on res¬ 
olution of relevant clinical signs; i'2) relapse of signs upon 
withdrawal of treatment; (3) remission on re introduction of 
antibiotics; and (4) elimination of other etiologie causes based 
on the results of other diagnostic tests and histopathologic 
assessment. 

Treatment 

Secondary SIBO Although antibacterial therapy improves 
clinical signs, appropriate treatment for the underlying condi¬ 
tion is preferable. For EP1, pancreatic enzyme supplementation 
can reduce bacterial numbers because exogenous proteases 
have antibacterial properties. 

Idiopathre ARD No cure is available for idiopathic ARD, 
but signs can be controlled with antibacterials, A broad- 
spectrum antibiotic is indicated; suitable choices include 
oxytetracycline (10 to 20 mg/kg given orally every 8 hours), 
metronidazole (10 to 20 mg/kg given orally every 8 hours), and 
tylosin (20 mg/kg given orally every 8 or every 12 hours). 
Oxytetracycline (OTC) is cheap, and because systemic absorp¬ 
tion is not required, it can be given with food. It cannot be 
used before permanent tooth eruption because it causes stain¬ 
ing of tooth enamel, Some authors have criticized the use of 
OTC because it is associated with rapid development of plas¬ 
mid-mediated antibiotic resistance, 151 However, given that 
long-term efficacy is maintained in most cases, OTC may not 
be acting through its antibacterial properties, because it does 
not significantly reduce SI bacterial numbers. 81 Rather, it may 
provide a selective pressure on the intestinal flora, encourag¬ 
ing the establishment of less harmful bacteria, or it may exert 
immunomodulatory effects, which this antibiotic group has. 
Immunomodulatory activity has also been suggested for other 
antibacterials commonly used to treat ARD, namely metron¬ 
idazole and tylosin. 

Whichever antibacterial is chosen, a 4- to 6-week 
is appropriate initially, although the antibiotic should be 


Indirect tests for SIBO/ARD Indirect tests include serum 
biochemical markers and breath hydrogen analysis. 

Serum foktte and cobalamin concentrations Bacteria synthe¬ 
size folate and bind cobalamin, preventing its absorption. 
Therefore SIBO would be predicted to be associated w r ith an 
increased serum folate concentration or a decreased cobal¬ 
amin concentration, or both. Although such results would be 
expected in cases of genuine SIBO (e.g., secondary SIBO), no 
studies have specifically assessed the usefulness of these tests 
in those diseases. Alterations of serum folate and cobalamin 
noted in EPI may reflect pancreatic dysfunction rather than 
secondary SIBO. 

Furthermore, recent studies have demonstrated that these 
tests are of limited value in the diagnosis of idiopathic ARD. 77 
This poor performance may be related to dietary factors, the 
presence of concurrent disease, or the use of drugs that alter 
serum vitamin concentrations. The other possibility (for idio¬ 
pathic ARD) is that disease pathogenesis is not related to gen¬ 
uine increases in bacterial numbers. Although these tests 
often the only tests available to practitioners, they are gener¬ 
ally unhelpful in the diagnosis of idiopathic ARD. 

Serum unconjugated bile acids Bile acids are synthesized and 
conjugated in the liver and excreted into the intestine via the 
biliary tract. Some SI bacterial species can deconjugate bile 
acids, which then are absorbed passively by the SI. Studies in 
humans have suggested that increased serum unconjugated 
bile acid (SUBA) concentrations are an indirect indicator of 
SIBO, A preliminary study in dogs suggested that SUBA 
centrations increased in SIBO. 76 However, these results have 
been contradicted by another recent study, w r hich demon¬ 
strated that SUBA concentrations were neither sensitive nor 
specific for diagnosis of idiopathic ARD. 77 Further work may 
be required to clarify the diagnostic value of SUBA 
trations in dogs. 

Other biochem ica l tests M ea s u re m en t of i ncre a sed am ou n ts 
of a bacterial product made either naturally or after oral 
administration of a test substance could be used to diagnose 
SIBO, but none of these are reliable. 

Breath hydrogen excretion Bacterial fermentation in the 
intestinal tract releases hydrogen which, after systemic absorp¬ 
tion, is exhaled and can be measured in breath samples. 
Theoretically, SIBO can result in a high resting breath hydro¬ 
gen concentration or an early for double) hydrogen peak aft 
ingestion ol a test meal. However, increased breath hydrogen 
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form reported; eosinophilic (gastro-) enteritis (EGE) is less 
common; and granulomatous enteritis is rare. Neutrophilic 
infiltration is a feature of human IBD but is infrequent in idio¬ 
pathic IBD of dogs and cats. 


changed after 2 weeks if the response has been suboptimal. In 

premature cessation of treatment can lead to 
relapse, and prolonged therapy often is necessary. In some 
animals a delayed relapse occurs several months after cessa¬ 
tion of antibiotics, and such cases require either repeated 

courses or 

despite a reduction in dosage frequency from three times to 

daily. Dogs may also "outgrow" the problem with 
age, either as a result of a decrease in caloric intake or because 
of developing maturity of the mucosal immune system. It has 
also been suggested that idiopathic ARI) in German shep¬ 
herds may predispose some of these dogs to IBD later in life, 
but currently no direct evidence supports this supposition. 

Ancillary treatments Dietary manipulation can be a useful 
adjunct to the treatment both of idiopathic ARD and of sec¬ 
ondary SI BO. In general, a highly digestible, low-fat diet is 
desired to reduce the substrate available for bacterial use. 

Addition of FOS has been advocated to reduce SI bacterial 
numbers, although evidence of efficacy is conflicting. 
Administration of probiotics has not been thoroughly assessed 
in idiopathic ARD. Finally, if low cobalamin concentrations 

documented, parenteral cobalamin therapy is warranted. 


some cases. 


Clinical Presentation 

Idiopathic IBD is a common cause of chronic vomiting and 
diarrhea in dogs and cats, but its true incidence is unknown. 
In reality it is often overdiagnosed because of difficulties in 
interpretation of histopathologic specimens and failure to 

causes of mucosal inflammation. 


indefinite therapy. Efficacy is often maintained 


even once 


eliminate adequately other 

No apparent gender predisposition occurs in dogs and cats, 
but in both species IBD is most common in middle-aged 
animals. GI signs, which may have been variably controlled 
by dietary manipulation, are sometimes seen from an earlier 
age. Although IBD can potentially occur in any dog or cat 
breed, certain predispositions are recognized, such as LPE in 
German shepherds and Siamese cats, lymphoproliferative 
enteropathy in hasenjis, and protein-losing enteropathy/ 
protein-losing nephropathy (PLE/PLN) in soft-coated 
wheaten terriers (see Table 222-6). Shar Peis often have a 

LPE with hypoproteinemia and extremely low serum 
cobalamin concentrations. In cats an association, called triaditis, 
has been reported for IBD, lymphocytic cholangitis, and chronic 

pancreatitis. 

Vomiting and diarrhea are the most common clinical signs, 
but an individual case may show some or all of the signs in 
Box 222-18, Sometimes an obvious precipitating event (e.g., 
stress, dietary change) is present in the history, but clinical 
signs may wax and wane. The nature of signs crudely corre¬ 
lates with the region of the Gl tract affected: gastric signs are 
more common if gastric or upper SI inflammation is present; 
in cats, vomiting is often the predominant sign of small intesti¬ 
nal IBD; and LTtype diarrhea may be the result of colonic 
inflammation or may result from prolonged Si diarrhea. The 
presence of blood in the vomit or diarrhea is associated 
with more severe disease, especially eosinophilic inflammatory 
infiltrates. Severe disease is associated with weight loss and 
PLE, with consequent hypoproteinemia and ascites. Appetite 
is variable; polyphagia may be present in the face of significant 
weight loss, whereas anorexia occurs with severe inflamma¬ 
tion, Milder inflammation may not affect appetite* although 
postprandial pain can be significant even without other signs. 
Systemic consequences of IBD can occur, although reports are 


severe 


are 
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INFLAMMATORY ROWEL DISEASE 


Inflammatory bowel disease is a collective term that describes 
a group of disorders characterized by persistent or recurrent 
Gl signs and histologic evidence of intestinal inflammation on 
biopsy material. The disease bears little resemblance to IBD 
(Crohn's disease and ulcerative colitis) of humans, and indis¬ 
criminate use of the term "IBD" is no more useful than a der¬ 
matologist making a diagnosis of "chronic dermatitis/' 
Although a number of recognized diseases are associated with 
chronic intestinal inflammation (Box 222-17), the cause of 
idiopathic IBD is, by definition, unknown. Variations in the 
histologic appearance of the inflammation suggest that idio¬ 
pathic IBD is not a single disease entity (Figure 222-12), and 

the nomenclature reflects the predominant cell type present* 

Lymphocytic-plasmacytic enteritis (LPE) is the most common 


S 




158 


Box 


sparse. 




Causes of Chronic Small Bowel Inflammation 


Etiology and Pathogenesis 

The underlying etiology of small animal IBD is unknown, and 

have been made with similar human conditions. 






comparisons 

In this regard, the breakdown of immunologic tolerance to 
luminal antigens (bacteria and dietary components) is thought 
to be critical, 49 perhaps resulting from disruption of the 
mucosal harrier, dysregulation of the immune system, or dis¬ 
turbances in the intestinal microflora (see above). Therefore 
antigens derived from the endogenous microflora are likely to 
be important in disease pathogenesis, and a potential role for 
diet-related factors is suggested by the clinical benefit of 
dietary therapy in some cases of canine IBD. 

Genetic factors are likely to contribute to the pathogenesis 
of IBD, 1S9 - 160 and in humans the strongest associations are 
with genes of the human MHC (human leukocyte antigen 
[HLA]). Furthermore, some human patients with Crohn's 
disease have a mutation in the NOD2 gene on chromo¬ 
some 16. lfiuez This gene s product detects bacterial lipopolysac* 
charide and can activate the proinflammatory transcription 
factor NF-kB. Such a link may explain the development of 
aberrant immune responses to bacteria in certain individuals* 
Genetic factors are also likely in dogs, given the recognized 
hre^d predispositions, although studies are lacking. 


Chronic infection 
Ciardia sp, 

Histoplasma sp. 

Toxoplasma sp. 

Mycoba cteria s p. 

Protothecosis 

Pythiosrs 

Pathogenic bacteria (Campylobacter, Salmonella spp., 
pathogenic Esch erich ia colt) 
food allergy 

Small bowel inflammation associated with other primary 
gastrointestinal diseases 
Lymphoma 

Lymphangiectasia 

Idiopathic causes 

Lymphocytic-plasmacytic enteritis (LPE) 

Eosinophilic gastroenterocolitis (EGE) 

Granulomatous enteritis (same as regional enteritis?) 
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Figure 222-12 Histologic appearance of (A) normal jejunum, showing long, slender villi and 
minimal numbers of cells in the lamina propria; (B) idiopathic lymphoplasmacytic enteritis in a 
Dachshund, showing stunted villi and a lymphoplasmacytic infiltrate; (C) lymphoplasmacytic 
intestinal inflammation associated with Strongyloides infection (a worm is actually visible in the 
section on the mucosal surface); and (D) eosinophilic enteritis in a German shepherd, showing 
massive infiltration of the crypt area with eosinophils. (Courtesy G.R, Pearson.) 




























Diagnosis 

Intestinal biopsy is necessary for a definitive diagnosis of 1BD, 
although the clinical signs and physical findings may be sug¬ 
gestive (see Box 222-18). The term idiopathic IBD is limited 

in cases in which histologic evidence of inflammation is found 
without an obvious underlying cause. All other etiologies. 


including infectious, diet-responsive, and antibacterial-respon¬ 
sive conditions, should be excluded. Therefore before intesti¬ 
nal biopsy is undertaken, laboratory evaluation and diagnostic 
imaging are performed. Such tests cannot provide a definitive 

diagnosis of IBD. but they can help eliminate the possibility of 
anatomic intestinal disease (eg., tumor, intussusception), 
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Although such alterations are not pathognomonic for IBD, defi¬ 
ciencies may require therapeutic correction. Measurement of 

Folate and cobalamin is now commercially available for 
cats, and cobalamin deficiency associated with 1BD has been doc¬ 
umented, Cobalamin deficiency has systemic metabolic conse¬ 
quences , 45 and anecdotal evidence suggests that deficient cats 
with 1BD require parenteral supplementation to respond opti¬ 
mally to immunosuppression. 

Diagnostic imaging Imaging studies document whether 
focal or diffuse disease is present and whether other abdomi¬ 
nal organs are affected. Such information, in conjunction with 
specific clinical signs, allows the clinician to choose the most 
appropriate method of biopsy. Plain radiographs may be 
useful for detecting anatomic intestinal disease; contrast stud¬ 
ies rarely add further information. Ultrasonographic examina¬ 
tion is superior to radiography for documenting focal 
anatomic intestinal disease and is particularly useful in cats 
with IBD. 163 Ultrasonography permits evaluation of intestinal 
wall thickness 63 - 163 and can document mesenteric lym¬ 
ph adenopathy. Ultrasound-guided fine needle aspiration 
(FNA) can provide samples for cytologic analysis, which may 
aid in diagnosis. 

Intestinal biopsy Intestinal biopsy is necessary to docu¬ 
ment intestinal inflammation. Endoscopy is the easiest 
method of biopsy, but it has limitations, because samples are 
superficial and in m6st cases can be collected only from the 
proximal SI (see Box 222-8}. In some cases exploratory 
laparotomy and full-thickness biopsy are necessary, although 
the procedures are more invasive and can be problematic if 

hypoproteinemia is present. These techniques may be 
suitable for cats, given the tendency in this species for 
multiorgan involvement. 

Histopathologic assessment of biopsy material remains 
the gold standard for IBD diagnosis, and the pattern of 
histopathologic change depends on the type of IBD present 
(see below}. However, the limitations of histopathologic inter¬ 
pretation of intestinal biopsies are recognized. The quality of 
specimens can vary, 7 * agreement between pathologists is poor, 
and differentiation between normal specimens and those 
showing IBD and even lymphoma can be difficult. 79 Grading 
schemes for the histopathologic diagnosis of IBD have been 
suggested, 158 but these have not yet been widely adopted. 

JBD activity index In humans, activity indices are used to 
quantify the severity of IBD; this helps practitioners to assess 
the response to treatment and to make a prognosis by allow¬ 
ing comparisons between published studies in the literature. 
Recently an activity index was suggested for canine IBD, 164 
and this may aid disease classification in the future. 

Other diagnostic investigations Given the limitations of 
histopathology, other modalities are required. One approach 
would be the use of immunohistochemistry or flow cytome¬ 
try to analyze immune cell subsets. However, such techniques 
labor intensive and poorly standardized and are unlikely to 
be generally available in the foreseeable future. 

Trea tment 

Whatever the type of IBD, treatment usually involves a 
combination of dietary modification and antibacterial and 
immunosuppressive therapy. Unfortunately, objective infor¬ 
mation on efficacy is lacking, and most recommendations are 
based on individual experience. The authors usually recom¬ 
mend a staged approach to therapy whenever possible; initial 
treatment involves antiparasiticides to eliminate the possibil¬ 
ity of occult endoparasite infestation. Thereafter, sequential 
treatment trials with an exclusion diet and antibacterials are 


• • 


Box 




serum 


Clinical Signs Associated unth Inflammatory 
Bowel Disease 


Vomiting of bile with or without hair in cats and grass in dogs 

Hematemesis 

Small intestinal “type diarrhea 
La rg e vol u me 
Watery 
Melena 

Thickened bowel loops 
large intestinal—type diarrhea 

Hematochezia 
Mucoid stool 
Frequency and tenesmus 
Abdominal discomfort/pain 
Excessive borborygmi and flatus 
Weight loss 
Altered appetite 

Polyphagia 

Decreased appetite/anorexio 
Eating grass 

Hypoproteinemia/ascites 


extra intestinal disease (eg,, pancreatitis}, and known causes 
of intestinal inflammation. Furthermore, by determining 
whether focal or diffuse intestinal disease is present, the clin¬ 
ician can 
b i op sy. 

Hematology Occasionally neutrophilia, with or without 
a left shift, is noted. Eosinophilia may suggest EGE, but it is 
neither pathognomonic nor invariably present. Anemia may 
reflect chronic inflammation or chronic blood loss. 


severe 

more 


choose the most appropriate method of intestinal 


Serum biochemistry No pathognomonic changes are 
seen in IBD, but diseases of other organ systems should be rec¬ 
ognized and excluded. Hypoalbuminemia and K ypo globulin e- 
mia' are characteristic of PLE, whereas hypocholesterolemia 
may suggest malabsorption. Intestinal inflammation in dogs 

reactive hepatopathy/' with mild elevations in 








may cause a 

liver enzymes (alanine aminotransferase [ALT] and alkaline 
phosphatase [ALP]}. In contrast, because of the shorter half- 
lives of liver enzymes in cats, increases are more likely to be 
the result of hepatocellular or cholestatic disease. 




£ 






s 


Fecal examination Fecal examination is most important 
for eliminating other causes of mucosal inflammation, such as 
nematodes (e.g., Tnclntris, Uncinaria , Ancylostoma , and 
Strongyloides spp.), Giardia infection, and bacterial infection 
(e.g., Salmonella or Campylobacter spp. or clostridia). Given 
that fecal parasitology may not always detect Giardia organ¬ 
isms, empirical treatment with fenbendazole is recommended 

in all cases. 

Increased fecal alpha r PI concentrations would be expected 
in dogs with IBD, as well as significant intestinal protein loss 
even before hypoproteinemia develops (see above}. 

Folate and cobalamin Serum concentrations of both these 
vitamins are affected by intestinal absorption, therefore proxi¬ 
mal, distal, or diffuse inflammation can result in subnormal folate 
concentrations (proximal inflammation] or cobalamin con- 
■m ratio us (distal inflammation] or both (diffuse inflammation] 
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pursued; immunosuppressive medication is used only as a last 
resort. However, in some cases, clinical signs or mucosal 
inflammation ts so severe that 

immunosuppressive medication is essential. If clinical signs 
are intermittent, the owners should keep a diary to provide 
objective information as to whether treatments produce gen¬ 
uine improvement. 

Dietary modification The diets recommended for patients 
with IBD are antigen limited, based on a highly digestible, 
single-source protein preparation* An exclusion diet trial should 
be undertaken to eliminate the possibility of an adverse food 
reaction, and most clients are happy to try this, given concerns 
over the side effects of immunosuppressive drugs. An easily 
digestible diet decreases the intestinal antigenic load and thus 
reduces mucosal inflammation* Such diets may also help 
resolve any secondary sensitivities to dietary components that 
may have arisen from disruption of the mucosal harrier* After 
the inflammation has resolved, the usual diet often can be 
reintroduced without fear of an acquired sensitivity. 

Well-cooked rice is the preferred carbohydrate 
because of its high digestibility, but potato, com starch, and 
tapioca are also gluten free. Fat restriction reduces clinical 
signs associated with fat malabsorption. Modification of the 
n3 to n6 fatty acid ratio may also modulate the inflammatory 
response and may have some benefit both in treatment and in 
maintenance of remission, as in human IBD. 165 ,66 However, 
no direct studies have been done to prove a benefit in canine 
IBD. Supplementation with oral folate and parenteral cobal- 
amin is indicated if serum concentrations are subnormal. 

Antibacterial therapy Treatment with antimicrobials 
be justified in IBD, partly to treat secondary SIBO and partly 
because of the importance of bacterial antigens in the patho¬ 
genesis of IBD, 50 Ciprofloxacin and metronidazole 
often used in human IBD, tFi7 and metronidazole is the pre¬ 
ferred drug for small animals. The efficacy of metronidazole 
may not be related just to its antibacterial activity, because it 
may exert immunomodulatory effects on cell-mediated 
immunity. Furthermore, other antibacterials (e.g., tylosin) 

may also have immunomodulatory effects and have efficacy i 
canine IBD. 


In dogs, azathioprine (2 mg/kg given orally every 24 hours) 
is commonly used in combination with prednisone/pred¬ 
nisolone when the initial response to therapy is poor or when 
glucocorticoid side effects are marked. However, azathioprine 
may have a delayed onset of activity (up to 3 weeks) and, 
given its myelosuppressive potential, regular monitoring of 
the hemogram is necessary Azathioprine is not recommended 
for cats; chlorambucil (2 to 6 mg/m 2 given orally every 24 hours 
until remission, followed by drug tapering] is a suitable alter¬ 
native. Other immunosuppressive drugs are methotrexate, 
cyclophosphamide, and cyclosporine. Methotrexate is effec¬ 
tive in the treatment of human Crohn's disease, 171 but it is not 
widely used in companion animals; it often causes diarrhea in 
dogs. Cyclophosphamide has few advantages over azathioprine 
and is rarely used. However, cyclosporine may show promise 

for the future, given itsT lymphocyte-specific effects and effi¬ 
cacy in canine anal furunculosis. Unfortunately, it is expensive, 
and studies in human IBD have shown variable efficacy and 
toxicity 172173 

Novel therapies for IBD Novel therapies are increasingly 
used for human IBD in an attempt to target more accurately 
the underlying pathogenetic mechanisms* These therapies 
include new immunosuppressive drugs, monoclonal antibody 
therapy, cytokines and transcription factors, and dietary 
manipulation (Table 222-11]. 374 In the future, such therapies 
may be adopted for small animal IBD, 

Mycophenolate mofetil recently has been used to treat 
human IBD, although its efficacy is variable. 175 Drugs that 
target TNF-ot (e.g F , thalidomide and oxpentifylline) may be 
suitable for the treatment of canine IBD because of the 
importance of this cytokine in disease pathogenesis. Human 
open-label trials have demonstrated a beneficial effect for 
thalidomide in refractory Crohn's disease* 176 Oxpentifylline 
has shown efficacy in studies in vitro , but clinical results have 
been less rewarding. 377 Anti-TNF-ot monoclonal antibody 
therapy, which has also undergone trials m human IBD, has 
the additional beneficial effect of inducing apoptosis in 
inflammatory cells* 178 Species-specific monoclonal antibodies 
will be needed for canine and feline IBD. 

Finally modulation of the enteric flora with probiotics 
probiotics may have benefits in targeting the pathogenesis of 
IBD. A probiotic is an orally administered living organism that 
exerts health benefits beyond those of basic nutrition. In addi¬ 
tion to having direct antagonistic properties against pathogenic 
bacteria, 91 they modulate mucosal immune responses by stim¬ 
ulating either innate (e.g., phagocytic activity] or specific ( e.g., 
secretory IgA] immune responses, 179 However, care should be 
taken to select the most appropriate organisms, which 
likely to vary between host species. 

Prebiotics are selective substrates used by a limited number 
of "beneficial 1 ' species, which therefore cause alterations in the 
luminal micro flora. The most frequently used prebiotics 
nondigestible carbohydrates, such as lactulose, inulin, and FOS. 
Both probiotics and prebiotics can reduce intestinal inflamma¬ 
tion in mouse models of IBD. 180 Preliminary placebo- 
controlled trials with probiotics and prebiotics in human IBD 
patients have shown promising results, 187 although similar 
trials in canine and feline IBD are still awaited. 

lymphocytic-Plasmacytic Enteritis 

Lymphocytic-plasmacytic enteritis (LPE] is the most 
form of idiopathic IBD. It ts characterized by a mucosal infil¬ 
trate of lymphocytes and plasma cells (see Figure 222-12], 
However, there are numerous other causes of lymphocytic- 
plasmacytic infiltration of the SI (see Box 222-17 and 
Figure 222-12), including enteric pathogens, bacteria, and 
Toxoplasma organisms. All such underlying causes must be 
excluded before a diagnosis of idiopathic LPE is confirmed, 


early intervention with 


s ou rce 


can 


are 


in 


or 


Immunosuppressive drugs The most important treatment 
modality in idiopathic IBD is immunosuppression, although 
this should be used only as a last resort. In human IBD, gluco¬ 
corticoids and thi op urines (e.g., azathioprine, 6-mercaptopurine) 
are used most widely. 368 In dogs, glucocorticoids are used most 
frequently, and prednisone and prednisolone are the drugs of 
choice. Dexamethasone should be avoided, because it may have 
deleterious effects on enterocytes. In severe IBD, prednisolone 
can be administered parenterally, because oral absorption may 
be poor The initial dosage of 1 to 2 mg/kg given orally every 
12 hours is given for 2 to 4 weeks and then tapered slowly 
over the subsequent weeks to months. In some cases therapy 
can be either completely withdrawn or at least reduced to a 
low maintenance dose given every 48 hours. 

Signs of iatrogenic hyperadrenocortieism 
when the highest glucocorticoid dose is administered. However, 
signs are transient and resolve as the dosage is reduced. If 
clinical signs of IBD consistently recur when the dosage is 
reduced, other drugs can he added to provide a steroid-sparing 
effect (see below), Budesonide, an enteric-coated, locally 
active steroid that is destroyed 90% first-pass through the 
liver, has been successful in maintaining remission in human 

IBD with minimal hypothalamic-pituitary-adrenal 


are 


are 


are common 


comm on 


suppres¬ 
sion, A preliminary study showed apparent efficacy in dogs 

and cats, 169 but limited information i 


available on the use of this 


drug. 
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Table 


Novel Therapies for Human Inflammatory Rowel Disease 


MECHANISM OF ACTION 


THERAPY 


Drug Therapy 

Tacrolimus 

Mycophenolate 

Leukotriene antagonists (zileuton, verapamil) 
Prostaglandin (PC) targeting agents 


Immunosuppressant macrolide 

Inhibits lymphocyte proliferation: reduces IFN-gamma production 
Inhibit arachidonic acid cascade 

Mucosal protection from PG analogs; anti-inflammatory effects from PC 
antagonists 

Anti-inflammatory effects 


Thromboxane synthesis inhibitors 

Ridogrel 

Picof amide 
Oxpentifytline 
Thalidomide 


Inhibits TNF-alpha expression 

Inhibits TNF-alpha ond IL-12 expression; reduces leukocyte migration; 
impairs angiogenesis 


Bone Marrow and Stem Cell Transplantation 

Bone marrow grafts 


Unknown; immunomodulation (?) 


Dietary Manipulation 

Protein hydrolysate diets 
Fish oil therapy 
Short chain fatty acid therapy 
B uty rate 

Probiotics and prebiotics 


"Hypoallergenic* 

Diverts eicosanoid metabolism to LTB S and PC£ 3 


Provides nutrition for enterocytes 

Antagonize pathogenic bacteria; immunomodulatory effects 


Cytokine Manipulation 

Systemic IL-10 

Anti—IL-2 monoclonal antibody (MAb) 

Anti—IL-2R (CD25) MAb 

Anti—IL-12 MAb 

Anti—IL-11 MAb 

R eco mb i no n 11 FN-a I ph a 

AntMFN-gamma MAb 

Anti—'TNF-alpha MAb 


Down-modulatory cytokine 
C ou nf era cts pro i n f I a m m a to ry effects 
Inhibits IL-2 effects 
Counteracts proinflammatory effects 
Downregulates TNF-alpha and IL-lbeta 
An ti-i n fla m m atory; a nt iv i ra 1 (?) 

Immunomodulatory effect on Thl cells 

Counteracts proinflammatory effects; induces inflammatory cell apoptosis 




Endothelial Cell Adhesion Molecules 
and Their Manipulation 

ICAM-1 (antisense oligonucleotide) 

Anti-a I pha 4 / b eta 7 M Ab 






Reduces immune cell trafficking 
Reduces immune cell trafficking 








Other Immune System Modulations 

Intravenous immunoglobulin 
T-cefl apheresis 
Anti-CD4 antibodies 


Saturates Fc receptors; other (?) 

Immunomodulation 

Immunomodulation 




s 




Transcription Factors 

NF-kB antisense oligonucleotide 
ICAM-1 antisense oligonucleotide 

Modified From Forbes 2003, German and others 2003, 

IFN, Interferon; IL P interleukin; 1CAM, intercellular adhesion molecule; LTB, leukotriene B; MAb p monoclonal antibody; PG p prostaglandin; PGE 

prostaglandin E,Thl,T helper 1;TNF P tumor necrosis factor 


Inhibits proinflammatory cytokine expression 
Reduces Immune cell trafficking 


Increased concentrations of acute-phase proteins (e,g,, 
C-reactive protein), which normalize after treatment, have 
been documented in canine LPE. 1 ® 4 Marked alterations in 
cytokine patterns also were recently documented in canine 

LPE, with increased expression of Thl (IL-2, IL-12 P and IFN- 
gamma), Th2 (IL-5), proinflammatory (TNF-alpha), and 

immunoregulatory (TGF-beta) cytokines R1 These studies 


Pa th o genes is 

Idiopathic LPE is believed to reflect immune dysregulation, 
and the spectrum of severity ranges from mild to severe 
infiltration. Alterations in immune cell populations in canine 
LPE have been documented, including increases in lamina 
propria T cells (especially CD4+ cells), TgG+ plasma cells, 
macrophages, and granulocytes. 


im 
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confirm that the mucosal immune response is upregulated in 
canine IBD. 

C Unicoi Signs 

Clinical signs of LPE include diarrhea and weight loss, but these 
are not pathognomonic Chronic vomiting may be the predom¬ 
inant sign, especially in cats. LPE is prevalent in German shep¬ 
herds, Shar Peis, and purebred cats, and in dogs it often 
PLE. Severe LPE (immunoproliferative disease] is recognized in 
basenjis. Protein-losing enteropathy with or without concurrent 
protein-losing nephropathy has also been described in soft- 
coated wheaten terriers. 144 LPE typically affects older animals; 

it is uncommon (but not impossible) in individuals less than 
2 years of age. 


the enteropathy, PLE often occurs, with consequent hypoaL 
buminemia, although edema and ascites 

Clinical signs are usually progressive, and spontaneous intestinal 
perforation may occur. 

Diagnosis 

The approach to diagnosis is the same as before, and ulti¬ 
mately depends on his to pathological examination of biopsy 

specimens. 

Treatment 

Treatment generally is unsuccessful, with dogs dying within 
months of diagnosis. However, early aggressive combination 
treatment with prednisolone, antibiotics, and dietary modifi¬ 
cation may achieve remission in some cases. 

Familial Protein-Losing Enteropathy 
and Protein-Losing Nephropathy in 
Soft-Coated Wheaten Terriers 

Recently a clinical syndrome unique to soft-coated wheaten 
terriers was characterized, 144104 Affected dogs present with 
signs of PLE or PLN or both, A genetic basis is likely, and 
although the mode of inheritance is not yet clear, pedigree 
analysis of 188 dogs has demonstrated a common male ances¬ 
tor. ]K5 The disease is probably immune mediated, given 
the presence of inflammatory cell infiltration, A potential 
role for food hypersensitivity has been suggested, because 
affected dogs have demonstrated adverse reactions during 
provocative food trials and alterations in anti gen-specific 

fecal IgE concentrations. 14 ^ 104 '!^ 

Clinical Signs 

Signs of PLE tend to develop at a younger age than PLN, 
Clinical signs of the PLE include vomiting, diarrhea, weight 
loss, and pleural and peritoneal effusions. Occasionally, throm¬ 
boembolic disease may occur 

Diagnosis 

Preliminary laboratory investigations, as in most dogs with PLE, 

demonstrate panhypoproteinemia and hypoehalesterolemia. In 

contrast, hypoalbuminemia, hypercholesterolemia, proteinuria, 

and ultimately azotemia are seen w'ith PLN. 135 Histopathologic 

examination of intestinal biopsy material reveals evidence 

of intestinal inflammation, villus blunting, and epithelial 

erosions, as well as dilated lymphatics and lipogranulomatous 
lymphangitis. 

Treatment and Prognosis 

The treatment for PLE is similar to that described for general 
IBD, but the prognosis is usually poor. 


are not common. 


causes a 


Diagnosis 

The approach to diagnosis of LPE is the same as for 


any 

chronic enteropathy, although definitive diagnosis ultimately 
depends on documentation of characteristic histopathologic 
changes in the absence of an underlying cause. Such changes 
include the presence of increased numbers of lymphocytes and 
plasma cells in association with architectural disturbances. 
Complete or partial villus atrophy may be present, and villus 
fusion and crypt abscessation may be noted in severe cases. The 
distinction between severe LPE and alimentary lymphoma is 
sometimes difficult, and discrepancies may arise between 
endoscopic biopsies and postmortem examination of the 
patient. It is hypothesized that such discrepancies arise 
because the two conditions may be present concurrently in the 
SI, because prolonged intestinal inflammation may ultimately 
result in transformation to lymphoma, or because low-grade 
lymphoma is initially misdiagnosed. 

Another major concern is the criteria by which a diagnosis 
of LPE is made. In this regard, major discrepancies 
interpretation of intestinal biopsies by different histopatholo- 
gists/ 1 ' Interpretation of the degree of inflammation is subjec¬ 
tive; inflammation may be patchy, and the presence of edema 
(due to hypoproteinemia) may make cell density difficult to 
assess. Furthermore, discrepancies exist between gross endo¬ 
scopic and histologic findings, and proximal endoscopic biop¬ 
sies may not be representative. Attempts have been made to 
standardize interpretation by using grading schemes; those 
that assess morphologic abnormalities in conjunction with 
changes in ecllularity are most appropriate, 150 


same 


exist in 


187 


Treatment and Prognosis 

The treatment of LPE is that outlined for idiopathic IBD above 
First-line treatment usually involves dietary manipulation and 
metronidazole. The prognosis for severe LPE is guarded. Some 
patients respond dramatically and can ultimately be weaned 
off all medication; other cases, however, require persistent, 
low-dose maintenance immunosuppressive therapy. 

Sasenji Enteropathy 

A severe, hereditary form of LPE has been well characterized in 
basenjis, 102 although the mode of inheritance is unclear 1 ** It has 
been likened to immunoproliferatfve small intestinal disease 
(IPSID] in humans, because both conditions involve intense 
intestinal inflammation. However, IPSID is characterized by 
associated gammopathy (alpha heavy chain disease) and a pre¬ 
disposition to lymphoma. Affected basenjis often lia% r e hyper- 
glob ulincmia but not alpha heavy chain disease and may he 
predisposed to lymphoma. The intestinal lesions in basenjis are 
characterized by increases in CD4+ and CD8+ T ceils, 182 


Eosinophilic Enteritis 

Eosinophilic enteritis (EE) is reported to be the second most 
common form of IBD, It frequently also involves the stomach 
and/or colon in eosinophilic gastroenteritis (EGE) and/or 
colitis. Segmental EE has also been reported. 108 Histologically, 
variable mucosal architectural disturbances (e.g., villus atrophy 
are present in conjunction with a mixed infiltrate of inflamma¬ 
tory cells in which eosinophils predominate (see Figure 222-12)* 
However, as with LPE, diagnostic criteria vary among pathol¬ 
ogists; some define EE based purely 
in mucosal 


an 


on subjective increases 
eosinophil- numbers, whereas others apply 
stricter criteria, requiring that eosinophils predominate in the 
lamina propria. Another criterion is the presence of 
eosinophils between epithelial cells of the villus and crypt, 
which suggests transepithelial migration. Nevertheless, the 
number ol mucosal eosinophils can vary markedly in normal 

and therefore this condition 


Clinical Signs 


Signs of chronic intractable diarrhea and emaciation 

common Lymphocytic-plasmacvtic gastritis 

tnnemia and mucosal hyperplasia, may be seen in addition to 


□re most 

, with hypergas- 


dogs, 22 

As w r ith other forms of IBD, a diagnosis ol EE should be made 


may be over diagnosed 
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only after other causes of eosinophilic infiltration have been 

eliminated. 


LYMPHANGIECTASIA 


Definition and Cause 

Intestinal lymphangiectasia is characterized by marked 
dilatation and dysfunction of intestinal lymphatics. Abnormal 
lymphatics leak protein-rich lymph into the intestinal lumen, 
ultimately causing PLE and hypoproteinemia. Lymphangiectasia 
may he a primary disorder or can develop secondary to lym¬ 
phatic obstruction. 

Primary lymphangiectasia usually is limited to the intestine, 
although it may be part of a more widespread lymphatic 

abnormality involving, for example, chylathorax. 193 Jt is consid¬ 
ered congenital, although clinical signs are not usually present 
from birth. The development of associated lipogranulomatous 
lymphangitis, superimposed on the congenital abnormalities, 
is one reason for a progressive disorder. The disease is most 
commonly seen in small terrier breeds (e.g., Yorkshire, Maltese) 
and the Norwegian lundehund (Figure 222-13), suggesting a 
genetic predisposition. 

Secondary lymphangiectasia is caused by intestinal lym¬ 
phatic obstruction. Underlying causes include (1) infiltration 
or obstruction of lymphatics by an inflammatory, fibrosing, or 
neoplastic process; (2) possibly obstruction of the thoracic 
duct; and (3) right heart failure due to congestive heart fail¬ 
ure or cardiac tamponade. Lipogranulomatous lymphangitis is 
sometimes reported in association with lymphangiectasia, but 
it is not dear which is the primary event; lymphangitis could 
cause lymphatic obstruction, or leakage of lymph could cause 
granuloma formation. 

History and Clinical Signs 

The clinical manifestations of lymphangiectasia are largely 
attributable to the effects of the enteric loss of lymph. Other 
intestinal functions remain intact, and hypoproteinemia may 
be present without diarrhea . m Diarrhea, steatorrhea, pro¬ 
found weight loss, and polyphagia are more typical, and vom¬ 
iting, lethargy, and anorexia are reported occasionally. Signs 
may have an insidious onset and an intermittent pattern. 
Ascites or subcutaneous edema may develop if hypoproteine¬ 
mia is marked. The ascitic fluid usually is a pure transudate, 
hut if right heart failure causes secondary lymphangiectasia, a 
modified transudate develops through portal hypertension. 
Lymphangiectasia has been associated with granulomatous 
hepatopathy 195 and in lundehunds with chronic gastritis and 


Clinical Signs 

EE may be seen In dogs and cats of any breed and age, although 
it is most common in younger adult animals. Boxers and 
Dobermans may be predisposed, and an increased incidence in 
German shepherds has been suggested. EGE may also be asso¬ 
ciated with systemic eosinophilic disorders in both cats and 
dogs, The clinical signs reported, which depe'd on the area of 
GI tract involved, include vomiting, SI diarrhea, and LI diar¬ 
rhea. Mucosal erosion/ulceration may occur more frequently 
in EE than in other forms of IBD, therefore hematemesis, 
melena, or hematochezia may be seen. Severe EGE has been 
associated with PLE and hypoproteinemia and, rarely, sponta¬ 
neous perforation of the GI tract. 

Pathogenesis 

An eosinophilic mucosal infiltrate may be related to dietary 
sensitivity e nd op a rasitism, or idiopathic EGE. The eosinophil 
infiltration is likely to be the result of local and systemic 
production of cytokines and chemokines, such as IL-5, and 
members of the eotaxin family. 190 These mediators may be 
produced by the Th2 subset of CD4+ T cells. 

Diagnosis 

The diagnosis of EGE is made by histopathologic assessment 
of intestinal biopsies after exclusion of parasites and food 
allergy. Peripheral eosinophilia is neither invariably present 
nor pathognomonic for EGE, because it may also be seen in 
parasitism, hypoadrenocorticism, allergic cutaneous or respi¬ 
ratory disease, and mast cell neoplasia. 

Treatment 

Given that eosinophilic mucosal infiltrates may also be related 
to en do parasitic diseases, empirical treatment with fenbenda- 
zole is always advisable. Subsequent to this, an exclusion 
diet trial should be instigated to eliminate the possibility of 
dietary sensitivity before immunosuppressive therapy is con¬ 
sidered. The prognosis in idiopathic EGE is guarded, even 
w r ith a good initial response to treatment, because recurrence 
is common. 


m 




Other Forms of Inflammatory Bowel Disease 

Granulomatous Enteritis 

Granulomatous enteritis is a rare form of IBD characterized by 
mucosal infiltration with macrophages, resulting in the forma¬ 
tion of granulomas. The distribution of inflammation can be 
patchy.This condition is probably the same as "regional enteritis," 
in which ileal granulomas have been reported. Granulomatous 
enteritis has some histologic features in common with human 
Crohn’s disease, but obstruction, abscessation, and fistula for¬ 
mation are not noted. Conventional therapy is not usually 
effective, and the prognosis is guarded, although a combination 
of surgical resection and anti-inflammatory treatment w r as 
reported to be successful in one case* 91 In cats, a pvogranulo- 
matous transmural inflammation has been associated with 
FIPV infection. 










CjO 


> 




Proliferative Enteritis 

Proliferative enteritis is characterized by segmental mucosal 
hypertrophy of the intestine. Although many species can 
be affected, the condition is most common in pigs. A similar 
but rare condition lias been reported in dogs. 192 There 
have been suggestions of an underlying infectious etiology, 
and Lawsonia intracellularis has been implicated, although 
this has not yet been proved. Other infectious agents writh 
a proposed link are Campylobacter spp and Chlamydia 
organisms 


Figure 222-13 Normal lundehund {Left) and one affected with 


lymphangiectasia, showring abdominal distension caused by 

hypoproteinemic ascites. (Courtesy D A Williams.) 
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Diagnosis 

Given that lymph is rich in lipoproteins and lymphocytes, 
laboratory analysis often shows panhypoproteinemia, hypo- 
cholesterolemia, and lymphopenia. Hypocalcemia and hypo¬ 
magnesemia have been reported. 55 - 397 The hypocalcemia is the 
result not only of hypoalbuminemia, but also of the develop¬ 
ment of ionized hypocalcemia. Therefore other mechanisms, 
including vitamin D and calcium malabsorption, may be 
involved. PLE can be documented by measuring 51 Cr-albumin 
leakage or fecal concentrations of alpha r PL In affected lunde- 
hunds, increased permeability has been documented by both 
methods, and the increases in the fecal alpha]-PI concentra¬ 
tion were seen before changes in serum proteins. 

Gross findings at endoscopy include the presence of white 
lipid droplets or prominent mucosal blebs, which are likely 
the result of villus tip distension with chyle. Endoscopic biop¬ 
sies may be supportive of the diagnosis, but full-thickness 
biopsies may be required to make a definitive diagnosis. At 
exploratory laparotomy, most dogs show gross abnormalities, 
including thickened small intestine, dilated lymphatics (In the 
mesentery and intestinal serosa), and occasionally adhesions. 1 " 
Mesenteric lymph nodes may also be enlarged, and yellow-white 
nodular masses (1 to 3 mm in diameter) are often observed in 
and around the mesenteric and serosal ly m ph ati cs. Th e nodules 
are lipogranulomas, consisting of accumulations of lipid-la den 
macrophages, and result from perilymphatic extravasation of 
chyle or are associated with a lymphangitis. 

Characteristic histopathologic changes include "ballooning 
dilatation” of lymphatics, not only in the mucosa but also in 
the submucosa. This true lymphangiectasia must be distin¬ 
guished both from normal postprandial dilatation of lacteals 
and from the secondary lacteal dilatation occasionally noted in 


other enteropathies (e,g., IBD) (Figure 222-14). Genuine 
cases are less common than currently believed, and failure to 
recognize an underlying inflammatory cause may explain the 
success of steroid treatment in some cases. Assessment of the 
degree of inflammatory cell infiltrate in the lamina propria is 
subjective, and if edema is present, the LP cell density may be 
underestimated. 


Treatment 

Secondary lymphangiectasia is managed by specific treatment 
of underlying disease, such 
cardectomy for cardiac tamponade. The aim of treatment of 
primary lymphangiectasia is to decrease the enteric loss of 

protein, resolve associated intestinal or lymphatic 
inflammation, and control any edema or effusions. Dietary 
manipulation and glucocorticoids are the most important 
treatment modalities. 

The ideal diet for 


pericardiocentesis or peri- 


198 


plasma 


of lym ph angi ect aria is markedly fat 
restricted, calorie dense, and highly digestible. Weight reduction 
diets, although low in fat, are inappropriate, because patients 
require a high level of nutrition. Previously, administration 
of medium chain triglycerides (MCT) was recommended, 
because these lipids were thought to be absorbed directly into 
the portal blood. However, this theory was recently contra¬ 
dicted.^ Supplementation with fat-soluble vitamins is advised, 
and there are anecdotal reports of improvement with glutamine 
sup pi em en tation. 

Glucocorticoid therapy (prednisolone, 1 to 2 mg/kg given 
orally divided daily and then tapered) may be beneficial in 
some cases, especially if associated lymphangitis, lipogranu¬ 
lomas, and a lymphocytic-plasmacytic infiltrate are present in 
the lamina propria. Unfortunately, not all cases respond to 
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Figure 222-14 Histologic appearance of a jejunal biopsy from (A) a Jack Russell terrier with 

a protein-losing enteropathy, in which markedly dilated lacteals consistent with a diagnosis of 

lymphangiectasia are present, and (R) a retriever with moderate lymphoplasmaeytic enteritis and 
mild secondary ectasia of the lacteals. 
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malabsorption or of SI B O secondary to intestinal obstruction. 
Ultrasonography may demonstrate diffuse or focal intestinal 
wall thickening, loss of intestinal wall layering, and mesenteric 
lymphadenopathy; it also facilitates fine needle aspiration of 
focal lesions. Samples for cytologic evaluation can be collected 
at endoscopy by cytology brush or squash preparation, but in 
many cases intestinal biopsy is required. Full-thickness biopsy 
material is preferable to endoscopic pinch biopsies, which may 
miss the lesion or simply demonstrate adjacent LFE. However, 
exploratory laparotomy is a risky procedure, because many 
patients are severely debilitated and hypoproteinemic. 

Although histopathologic assessment of biopsy material is 
the gold standard for diagnosis of alimentary lymphoma, dif¬ 
ferentiation from LPE can be difficult lmmunohistochemistry 
may aid in the diagnosis if all lymphocytes are of a single lin¬ 
eage. In the future, immunohistochemistry, 20J flow cytome¬ 
try, 205 and assessment ofT-cell clonality by PCR may prove to 
be more accurate methods of diagnosis, 83 

Treatment and prognosis Dogs w r ith diffuse alimentary 
lymphosarcoma (LSA) usually respond poorly to therapy, and 
there is a risk of intestinal perforation. In contrast, the prog¬ 
nosis in cats is more favorable; some attain prolonged remis¬ 
sion* 206207 Response to combination chemotherapy has been 
reported, either with standard multiding protocols or with an 
"oral only'" regimen (e.g,, prednisolone and chlorambucil), 306 
The latter treatment is well tolerated and may be particularly 
applicable to cases in which the differentiation between lym¬ 
phoma and LPE is uncertain. 

Intestinal Adenocarcinoma 

Intestinal adenocarcinoma Is most common in middle-aged to 
older dogs and cats, and Siamese cats may be over-represented. 
In dogs these tumors have a predilection for the duodenum, 
whereas the jejunum and ileum are more commonly affected 

in cats (see Figure 222-8)* 

Clinical findings and diagnosis Adenocarcinomas are 
locally infiltrative, and clinical signs usually relate to partial 
obstruction or peritonitis when perforation has occurred. 
Abdominal palpation may reveal focal thickening of the intes¬ 
tine. Melena and signs of anemia may be present if significant 
ulceration has occurred. Hematologic examination may 
demonstrate anemia, which usually is strongly regenerative and 
either normocytic-normochromic or hypochromic and micro¬ 
cytic Occasionally the anemia is Coombs' positive* I hagnostic 
imaging may delineate a mass lesion, although definitive 
diagnosis requires percutaneous aspiration or surgical biopsy. 

Treatment and prognosis Surgical resection is the treat¬ 
ment of choice. However, the prognosis is usually grave, because 
tumors almost invariably have spread at the time of diagnosis* 
Metastatic spread commonly involves local lymph nodes and 
the liver, and metastasis to the testes was recently reported. 2118 
Remission times from surgery of up to 2 years have been 
reported, but survival time is usually less than 6 months. 
Chemotherapy has not been demonstrated to be effective. 

Smooth Muscle Tumors of the Small Intestine 

Smooth muscle tumors of the intestine (including leiomyoma 
and leiomyosarcoma) are uncommon in dogs and rare in 
cats. 209 Differentiation of smooth muscle tumors from other 
types of stromal neoplasia can be difficult and may require 
immunohistochemical procedures, 210 Presenting clinical signs 
can vary but may include vomiting, diarrhea, anorexia, 
polyuria, polydipsia, melena, acute collapse, and weight loss. 
Although some of these signs are the result of local tumor 

effects fi.e,, obstruction, hemorrhage), paraneoplastic effects 

reported, especially hypoglycemia, 211 which is thought 


of antimicrobials such as tylosin or 


such therapy. The use 
metronidazole has not shown any obvious success. Diuretics 
indicated in the management of effusions, and combina¬ 
tions of diuretics are preferred (e.g., furosemide and spirono¬ 
lactone); administration of plasma or colloid may also help if 
hypoproteinemia is marked. The response to treatment is 
predictable, but cessation of clinical signs may be achieved 
temporarily, with remissions of months to several years. 
However, the overall long-term prognosis is poor, and patients 
eventually succumb to severe 
effusions, and intractable diarrhea* 


are 


tin 


malnutrition, incapacitating 


MISCELLANEOUS CAUSES OF PROTEIN-LOSING 
ENTEROPATHY 


Common causes of PLE include lymphoma and 1BD. 
However, there have also been recent reports of PLE associ¬ 
ated with intestinal crypt lesions 201 ' 303 without evidence of 
lymphangiectasia or inflammation in most cases,The underly¬ 
ing etiology of such lesions is not knowm. Response to therapy 
with antibacterials and immunosuppressive medication is 
variable; some dogs deteriorate suddenly and can die from 
thromboembolic disease. 


INTESTINAL NEOPLASIA 


Lymphomas, adenocarcinomas, and mast cell tumors are the 
most common Gl tumors in cats, whereas adenocarcinomas 
and leiomyomas are more common in dogs. Intestinal fibrosar¬ 
comas, hemangiosarcomas, carcinoids, and plasma cell tumors 

Clinical signs usually include weight loss, although a 
spectrum of signs may be seen, including diarrhea, anorexia, 
melena, vomiting, abdominal discomfort, abdominal effusion, 
and anemia. Other consequences of intestinal neoplasia 
include intussusception, intestinal perforation, and a variety of 
paraneoplastic effects. 

Intestinal Lymphoma 

Lymphoma is characterized by mucosal, submucosal, and/or 
epithelial infiltration of neoplastic lymphocytes , 201 - 20 * which 
invade the intestine in either a diffuse or a focal manner 
(Figure 222-15), Focal forms may cause obstruction; diffuse 
infiltration is more common and usually results in malabsorp¬ 
tion. Most affected cats test negative for the feline leukemia 
virus (FeLV) at the time of diagnosis. Progression from LPE to 
lymphoma has been reported. 


are rare. 


can 








Middle-aged or older dogs and cats are 


Clinical findings 
most commonly affected. Weight loss, chronic diarrhea, and 
progressive in appetence are common features, although vom¬ 
iting and melena may also be noted. Diffusely thickened 
intestines, intestinal mass lesions, mesenteric lymphadenopa- 
thy (see Figure 222-15), or abdominal pain may be noted on 
abdominal palpation. Concurrent hepatosplenomegaly and 

suggestive of multi centric 
alimentary form involving the liver. Clinical 




2 






generalized lymph adenopathy are 

lymphoma or an 
signs of hypoproteinemia may develop if diffuse lymphoma 

results in severe PLE. 


Hematologic examination may demonstrate 


Diagnosis 

anemia, characterized as either normocytic-normochromic 
non regenerative or microcytic and hypochromic. Neutrophilia 

also be evident. Routine biochemistry tests may reveal 
panhypGproteinemia in dogs and cats with diffuse lymphoma, 
although B-cell neoplasms may present with hyperglobuline- 
mia as a result of monoclonal gammopathy. Alterations in 
serum folate or cobalamin concentrations may be the result of 


may 


are 



Figure 222-15 Intestinal lymphosarcoma. A, Nodular 


jejunum of a i O-year-old Pekinese cut open to demonstrate the mucosal 
wall thickening caused by focal lymphoma, B, Endoscopic image of the 
duodenum of a 6-year-old retriever, showing bulging of the 
caused by diffuse infiltration of lymphoma. C, Histologic appearance of 
lymphoma, showing loss of the normal epithelium and infiltration of all 
layers with malignant lymphocytes, (Courtesy G.R, Pearson.) 
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to be the result of production of an insulin-like growth factor II- 
like peptide. 213 Other paraneoplastic syndromes associated 
with leiomyosarcomas include nephrogenic diabetes insipidus 2 
and erythrocytosis. 215 

Laboratory findings may reflect the consequences of direct 
paraneoplastic effects, but they also may be unremarkable. 
Diagnostic imaging may aid the identification of a mass lesion, 
and upper GI endoscopy may confirm the presence of a lesion 
if it is within reach and disrupting the mucosa. However, 
pinch biopsies are too superficial, and exploratory laparotomy 
is the technique of choice both for diagnosis and for treat¬ 
ment. Leiomyosarcomas are slow to 
II surgical resection 


initial postoperative period, the prognosis is good, with 
median survival times of 21 months reported 
metastasis is evident at the time of surgery, the prognosis 
is reasonable, with prolonged survival reported in some 
cases. The prognosis for leiomyomas is excellent after surgical 

excision. 

Amine Precursor Uptake and Decarboxylation Tumors 
Other functional amine precursor uptake and decarboxyla¬ 
tion tumors (APUDomas), such as vasoactive intestinal 
tide tumors (VJPomas), pancreatic polypeptide 

fPPomas). and functional carcinoids, have yet to be adequateh 
described in dogs and cats. 


H 


pep- 
tumors 


grow and metastasize 

is complete and ii the dog survives the 
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The prognosis depends on the cause of the obstruction and 
the severity of associated abnormalities. The outcome is likely 
to be favorable with simple foreign bodies, but it is grave for 
animat with volvulus or metastatic intestinal neoplasia. The 
patient may be at risk of developing short bowel syndrome if 
a significant length of intestine must be removed (see below). 


Other Neoplasms 

Fibrosarcomas, mast cell tumors, and nonfunctional carcinoid 
tumors tend to be focally invasive and usually present 
with clinical signs similar to those of intestinal adenocarci¬ 
nomas. The diagnosis is based on histologic and occasion¬ 
ally immunohistochemical confirmation of the tumor type. 
Hem angiosarcoma rarely arises in the SI, and signs relate to 
hemorrhage. Adenomatous polyps affecting the SI have been 
reported in middle-aged cats, 216 with clinical signs that 
include vomiting, hematemesis, or diarrhea. However, in some 
cases chronic, low-grade blood loss may occur, and animals 
instead present with microcytic anemia. 


SHORT BOWEL SYNDROME 


Short bowel syndrome refers to a syndrome that occurs when 
large lengths of the SI (more than two thirds) are absent because 
of resection or, rarely, a congenital anomaly. 220 - 227 Clinical signs 
(e.g., diarrhea) result because the animal has an insufficient func¬ 
tional mass of SI for assimilation of nutrients and electrolytes. 
The degree of malabsorption depends on the length of intestine 
resected; in dogs, experimental studies suggest that removal of 
up to 85% of the intestine can be tolerated. The site of resection 
is also important; resection of the jejunum causes malabsorption 
of food, water, and electrolytes; resection of the ileum causes 
malabsorption of cobalamin and bile acids. Massive resection 
of the SI also precipitates changes in GI hormonal regulation, 
leading to hypergastrinemia and subsequently increased acid 
secretion. In some cases, the syndrome may occur only transiently 
after resection, because adaptive hyperplasia in the remaining 
intestine may lead to subsequent improvement. 


ADYNAMIC ILEUS AND INTESTINAL 
PSEUDO-OBSTRUCTION 


Adynamic ileus is a common sequel to parvoviral enteritis, 
abdominal surgery, pancreatitis, peritonitis, endotoxemia, 
hypokalemia, and dysautonomia (see Box 222-IG). 217 The 
term intestinal pseudo-obstruction describes 
which patients show clinical evidence consistent with an 
obstruction, but no mechanical cause can be found. 21 ® 220 The 
condition has been associated with both visceral neuropathies 
and myopathies in humans, and such causes may occur in 
small animals. Most canine cases are associated with idiopathic 
sclerosing enteropathy, with fibrosis and a mononuclear cell 
infiltrate of the tunica muscularis* A case of feline intestinal 
pseudo-obstruction occurred secondary to intestinal lymphoma. 

After the possibility of a mechanical obstruction has been 
el iminated, management of both adynamic ileus and intestinal 
pseudo-obstruction is aimed at identifying any underlying 
cause and providing specific treatment. Symptomatic therapy 
to stimulate intestinal motility is also indicated. 221 Suitable 
prokinetic agents include the 5-HT 4 receptor agonist 
cisapride, the D 2 dopaminergic antagonist metoclopramide, 
and motilin-like drugs such as erythromycin. In dogs and 
cats cisapride appears to be the most effective agent, but it is 
no longer marketed in many countries. Antibacterials may 
also be appropriate, given the probability of secondary SIBO, 
and immunosuppressive medication may be appropriate if 
an underlying IBD is suspected. Feeding is beneficial in humans, 
and nutritional support can be continued indefinitely, although 
vomiting, constipation, and diarrhea usually continue. 
Unfortunately, most cases reported in the veterinary literature 
responded poorly to therapy, and the prognosis is grave. 


condition in 


Clinical Signs 


The signs of intestinal malabsorption, i.e,, intractable diarrhea 
and weight loss. 


Diagnosis 

The diagnosis usually is based on a history of intestinal resec¬ 
tion with consequent diarrhea and weight loss. If a congenital 
lesion is suspected, contrast radiography can demonstrate the 
shortened SI length. 

Treatment 

After massive resection, aggressive parenteral fluid therapy 
and total parenteral nutrition should be instigated. Oral feed¬ 
ing is restricted but not withheld completely, because the 
presence of food, bile, and pancreatic secretions in the gut are 
important stimuli for intestinal adaptation. An isotonic, 
oligomeric, fat-restricted liquid diet can be fed initially, with a 
gradual transition first to a polymeric liquid diet and then to an 
easily assimilable, fat- and fiber-restricted diet. Malabsorption 
of fat- and water-soluble vitamins and of minerals (zinc, 
copper, and calcium) may also occur, and dietary or parenteral 
supplementation may be required. Parenteral cobalamin sup¬ 
plementation is essential if the ileum has been resected. Acid 
blockers (e g,, H 2 -receptor antagonists) may be used in the 
postoperative period to counteract possible hypergastrinemia. 
Antimicrobial agents may be necessary if the ileocecocolic 
valve has been resected or if secondary SIBO is suspected. If 
the response to diet and antibiotics is poor, antisecretory 
agents (loperamide, diphenoxylate, or octreotide) may be 
required. Bile salt-binding resin (e.g., cholestyramine) may 
help reduce colonic secretion caused by bile salts malabsorbed 
after ileal resection. 

Complications of short bowel syndrome in humans include 
gallstones, oxalate uroliths, and lactic acidosis. In refractory 

experimental surgical modifications of the gut to try to 
slow intestinal transit and increase absorptive surface area 
have been described. Intestinal transplantation may be feasible 
in the future. 








INTESTINAL OBSTRUCTION 


Intestinal obstruction can be classified as acute or chronic, 
partial or complete, and simple or strangulated. Obstruction 
can be the result of extraluminal, intramural, or intraluminal 
mass lesions, 222 The most common extraluminal cause of 
obstruction is intussusception. Younger animals are more 
likely to develop intussusception after a case of gastroenteritis 
or after having intestinal surgery, although an increased risk in 
postparturient queens has also been reported. 223 Intestinal 
neoplasia is the more frequent cause of intussusception in 
middle-aged and older animals. Intramural causes include 
intestinal neoplasia (most common), hematomas, granulomas 
(e.g., focal FIP), IBD, stricture, and phycomycosis. Most intra¬ 
luminal obstructions are caused by foreign objects, such as 
stones, fruit pits, and toys in dogs and linear foreign objects in 
cats. 224 Intestinal volvulus describes a condition in which the 
intestines rotate around the mesenteric axis, compromising 
the cranial mesenteric artery, and complete vascular obstruc¬ 
tion may lead to strangulation. Reports are sporadic, but a pre¬ 
disposition in German shepherds has been reported 




Prognosis 

The prognosis depends on the amount of intestine left and 

the response to therapy Some animals undergo remarkable 
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adaptive hyperplasia and may return to a normal diet, whereas 
others never respond adequately. 


Bo 


Causes of Irritable Bowel Syndrome 


IRRITABLE BOWEL SYNDROME 


Primary motility disorders 
Visceral hyperalgesia 
Psychosomatic disorders 
Food intolerance 

Undiagnosed inflammatory disease 


Irritable bowel syndrome (IBS) is characterized by recurrent, 
usually acute, episodes of abdominal pain, borborygmi, and 
diarrhea. Jn the absence of morphologic changes, a functional 
disorder is considered the cause of this enigmatic problem. 
Disordered intestinal motility may be of primary importance, 
and a number of mechanisms have been proposed for IBS 
in humans (Box 222-19). 228 However, it is not known 
whether any are responsible in dogs and cats, A variety of 
treatments, including antispasmodics (anticholinergics and 
also smooth muscle relax ants, such as mebeverine), anxiolyt¬ 
ics (e,g,, diazepam, chlordiazepoxide) and dietary modification 


(low-fat diet, increased fiber) have been tried with 
tent results. IBS probably will remain a frustrating condition 
to diagnose and treat successfully until its etiology is better 

understood. 


no cons is- 


223 


CHAPTER 


Diseases of the Large Intestine 


Robert J. Washobau 
David E. Holt 


he large intestine of the dog and cat has evolved 
serve two major functions: (1) extraction of water and 
electrolytes from the fluid contents of the lumen and 
(2) control of defecation. The large intestine accomplishes 
these functions by regulating fluid transport, bacterial fer¬ 
mentation, motility, immune surveillance, and blood flow 
Sodium and water absorption serve to dehydrate the feces 
prior to defecation; mucus glycoproteins serve to trap bacte¬ 
rial pathogens and prevent bacterial translocation; epithelial 
cells, lymphocytes, plasma cells, macrophages, and dendritic 
cells serve to regulate the bacterial flora and the immune 
response to microbes; and motility serves to facilitate storage 
or defecation of feces. Perturbations in any of these functions 
may result in the problems of diarrhea, constipation, or the 
systemic inflammatory response syndrome (SIRS). 
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colon is transmitted to the main portal vein via the cranial and 
caudal mesenteric veins. Lymph is circulated from the colon 
to the right, middle, and left colic lymph nodes, and 
ally into the dsterna chyli and thoracic duct. Parasympathetic 
innervation arises from the vagus nerve in the proximal colon, 
and from the pelvic nerves in the distal colon. Sympathetic 
innervation arises from the paravertebral ganglia and follows 
the lumbar splanchnic nerves and mesenteric arteries to 
the colonic mucosa and muscularis. Parasympathetic 
glionic fibers and sympathetic postganglionic fibers 
on cell bodies and neurons of the enteric 
respectively. 
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Microscopic Anatomy 

As with the small intestine, the cross-sectional structure of the 

large intestine consists of four distinct layers (i.e., mucosa, 

submucosa, muscularis, serosa) (Figure 223-2). The large 

intestine differs from the SI in the following important ways: 

villi are absent in the large intestine, the microvilli of the large 

intestine epithelial cells are much less abundant, goblet cells 

are more prominent in the large intestine, endocrine cells 

less prominent in the large intestine, and crypt-to-epithelial 

migration is a much slower process in the large intestine. 

The mucosa of the large intestine is a flat absorptive 

face area differing from the small intestine in that villi 

present. However, numerous straight tubular glands (400 to 

600 pm) are present in parallel cylinders, and they extend 

from the muscularis mucosa to the mucosal surface. 3 The 
glands are lined by 


STRUCTURE 


Macroscopic Anatomy 

The large intestine consists of the cecum, colon, rectum, and 
anal canal (Figure 223-1) + In dogs and cats, the ileum 
cates directly with the colon, and what is referred to as the 
in the dog and cat is actually a diverticulum of the proximal 
colon. The colon is fun her compartmentalized into ascending, 
transverse, and descending portions, each segment having 
slightly different functions and properties. The right colic or hep¬ 
atic flexure separates the ascending and transverse colon, and the 
left colic or splenic flexure separates the transverse and descend¬ 
ing colon. In dogs and cats, the large intestine contributes 20% 
to 25% of the total (small and large) intestinal length, 1 - 2 

The cranial and caudal mesenteric arteries provide the 
arterial blood supply to the colon, and venous return from the 
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continuous sheet of columnar epithelial 
cells, which are separated from the mesenchymal tissue of the 
lamina propria by a well-defined basement membrane. The 

epithelium in the lower half of the Lrypis is composed of pro¬ 
liferating undifferentiated columnar cells, 
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1 A, Radiographic anatomy of the feline 

B, Radiographic 


Figure 


colon—lateral projection, barium enema, 
anatomy of the feline colon—ventrodorsal projection, barium 


enema. 


lamina propria of the large intestine resemble closely those 
found in the small intestine and include lymphocytes, many 
plasma cells, mast cells, macrophages, eosinophils, enteric neu¬ 
rons, and fibroblasts. 

The innermost layer of the mucosa is separated from the 

submucosa by the muscularis mucosae, a layer of smooth 

muscle cells roughly 8 to 10 cells (or 70 to 80 pm) thick. The 

sub mucosa of the colon resembles the submucosa of the other 
tubular digestive organs* It contains many blood and lymph 
vessels, dense connective tissue sparsely infiltrated by cells 
(fibroblasts, lymphocytes, plasma cells, mast cells, macrophages, 
and eosinophils), and the unmyelinated nerve fibers and ganglion 

cells that form the submucosal plexus. 

The muscularis is composed of an inner circular muscular 
layer forming a tight spiral circumferentially along the course 
of the colon and an incomplete outer longitudinal muscle 
layer. The ganglion cells of the myenteric plexus of Auerbach 
found between the circular and longitudinal muscle layers. 
Unmyelinated postganglionic fibers are also found in the cir¬ 
cular muscle layer and communicate with the submucosal 
(Meissner's) plexus. The interstitial cells of Cajal, which are 
located on the submucosal surface of the circular smooth 
muscle, play a dual role as pacemaker cells and as mediators 

of neuromuscular transmission in the colon, 8 " 10 

The serosa is composed of mesothelial cells and covers 
only the portions of the large bowel found within the peri¬ 
toneal cavity (cecum and colon). Several classification systems 
for colonic mucosal architecture and cellularity have been 
proposed. One such classification system 11 is outlined in 
Table 223-1, It should be emphasized that important age, 

site^ 3 diet , 16 and re-related 3 differences exist in the 

cellularity and architecture of the colonic mucosa, and these 
differences must be taken into account when interpreting 
colonic histology. For example, the protein and fiber content 

colonic mucosal mor- 


goblet cells, and at least three types of endocrine cells. 
Cellular proliferation is predominantly in the lower part of 
the crypts in both dogs and cats* The epithelium of the upper 
half of the crypts consists of differentiating columnar cells, 
goblet cells, and a few endocrine cells. The flat absorptive 
surface is lined by many columnar cells and a moderate 
number of goblet cells (10 to 25 goblet cells per 100 epithe¬ 
lial cells), 3 - 5 most of which are largely depleted of their 

granules. Intraepithelial lymphocytes (lELs) are rela¬ 
tively sparsely distributed throughout the epithelium (one to 

lymphocytes per 100 epithelial cells), 3,5 and as in the 
small intestine, the predominant T cell subset is the cytotoxic- 
suppressor (CD8+) type. 6 - 7 The cellular elements of the 
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G astrointesti n al D i se ase 


Table 


Guidelines for Histologic Interpretation of the Canine and Feline Colonic Mucosa 


PARAMETER 

Overall mucosal 
a p pea ra n ce 


NORMAL 


FREQUENT ABNORMAL FINDINGS 


Crypts straight, dominated by goblet cells 

throughout, separated from muscularis mucosae 
by no more than four layers of leukocytes (or 

15 to 20 pm) 

Lamina propria sparse so that crypts are closely 
applied to adjacent crypts 
Propria! cell population is sparse ond leukocytes 
almost al! lymphocytes and plasma cells; 
neutrophils absent and eosinophils sparse 
except at base of crypts 
Mitotic figures are found in basilar 50% to 60% 
of each crypt, averaging 2 to 3 per crypt 
Overall crypt length 10 or 20 cm proximal 
to the anus averages 384 to 406 pm 

Columnar epithelium, basal oval nucleus; a few 

surface enterocytes may be cuboidal and more 
basophilic than the neighboring cells 


Crypts irregularly distributed, tortuous, lifted from 
muscularis mucosae by more than four-cell 
thicknesses 


Crypts obviously separated from adjacent crypts 
by edema, fibrosis, or leukocytes 
Increase in lymphocyte and/or plasma cell 
numbers; presence of eosinophils in superficial 
half of lamina propria. Neutrophils anywhere 
ore abnormal 

Basal third of crypts excessively basophilic, 
mitotic figures in superficial third of crypt 
Overall mucosal thickness substantially 
< or > 400 pm (only valid tf section is well 
oriented and includes muscularis mucosae) 
Surface epithelium focally missing with 

pyknosis or flattening of adjacent enterocytes 
(versus artifaetual loss in which adjacent cells 
are normal); surface or cryptal epithelium 
cuboidal or squamous, abnormally basophilic, 
with suprabasilar nucleus 
Obvious increase in intraepithelial lymphocytes 

Loss of mucin from goblet cells, thus crypts 
seem depleted of goblet cells and may be 
dilated with intraluminal mucin 


Epithelium 


Intraepithelial lymphocytes are few (1 to 2 per 
100 enterocytes) 

Goblet cells diffusely distributed, least 
numerous at crypt base and on luminal 
surface; mucin expulsion easily induced 
by pre-biopsy manipulations (so clinician 
should evaluate mucin loss into dilated crypt 
lumens with caution) 

Inconspicuous except in zone between base of 
crypt and muscularis mucosae that 
normally contains mixture of lymphocytes, 
plasma cells, and eosinophils 

Edema is a frequent biopsy artifact, impossible 
to distinguish from serious inflammation; 
similarly, physiologic congestion or hyperemia 
cannot be distinguished from inflammatory 
hyperemia 

Few lymphocytes or plasma cells; no neutrophils 
or eosinophils 


Lamina propria 


Increase in distance between crypts and 

between crypt base and muscularis mucosae; 
increases in lymphocytes, plasma cells, 
eosinophils, and collagen are frequent but 
not mutually exclusive 

Edema must be regarded with skepticism unless 
accompanied by other evidence of inflammation 
or other changes in vascular permeability 
(e.g. f hemorrhage, thrombosis) 

Any type of leukocyte around dilated submucosal 
vessels (rarely observed except in eosinophilic 
colitis or invasive bacterial infection); 
if lymphocytes cross muscularis mucosae into 
submucosa, clinician should consider 
lymphoma 

Fibrosis 


Submucosa 


Loosely interwoven collagen 


Adapted from Wileock B: Endoscopic intcipratation in canine or feline enterocolitis, Semin Vet Med Surg (Small Anim) 7:162, 1992. Used with 

permission. 


should always take these factors into account when interpret¬ 
ing colonic biopsy specimens. The method of biopsy also 
influences the architecture and cellularity of the 
Compared with full-thickness biopsies, gland length is 25% to 
30% shorter and goblet cell numbers are 70% to 75% less in 
endoscopic biopsies from the same animals. The shallow 
depth of the endoscopic biopsy apparently causes glandular 
collapse, and enema or cathartic preparative solutions are 
believed to cause discharge oi mucous goblets. 3 33 


FUNCTION 


Electrolyte Transport 

The large intestine regulates the electrolyte and water com¬ 
position of the feces. Distinct differences exist in the mecha¬ 
nisms of electrolyte transport between the ascending and 
descending colon, 1710 but in general the canine and feline 

colon absorbs water, sodium, and chloride while secreting 
potassium and bicarbonate. 
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has the potential to serve as an important regulatory system 
for the maintenance of overall potassium balance. Although 
renal potassium transport is critical in the overall control of 
potassium balance, the colon also contributes to the mainte¬ 
nance of potassium balance by modifying both potassium 
secretion and absorption, especially when kidney function is 

impaired. 

Water Absorption 

In health, approximately 2.7 L of fluid (oral intake, saliva, gas¬ 
tric fluid, bile, pancreatic fluid, and intestinal secretions) is 
presented each day to the small intestine of a 20 kg dog. 

About 1,35 L is absorbed in the jejunum, 1.0 L in the ileum, 
and 315 mL in the colon, leaving 35 mL in feces. 20 Thus the 
jejunum absorbs 50%, the ileum 75%, and the colon 90% of 
fluid volume presented to it (Figure 223-3), This fluid absorp¬ 
tive capacity of the colon is largely determined by basal elec¬ 
trolyte (primarily sodium) transport and by the ability of 
several agonists (aldosterone and glucocorticoids) to augment 
electrogenic and electroneutral sodium absorption. As long 
ileocecal flow is less than the colonic absorptive capacity, sig¬ 
nificant alterations in small intestinal fluid movement may be 
present, but colonic absorption will prevent the development 
of diarrhea. On the other hand, when small intestinal absorp¬ 
tion and ileocecal flow are normal, a relatively small decrease 
in colonic absorption (inflammatory bowel disease [IBD]} will 
produce significant increases in fecal water output. 

Mucus Secretion 

A lubricant layer of mucus forms a crucial physiologic barrier 
between the colonic mucosa and the luminal environment* 
Mucus is a constantly changing mix of secretions and exfoli¬ 
ated epithelial cells, the chief determinants of w'hich are high 
molecular weight glycoproteins or mucins* 21 Gastrointestinal 
; ( 1} mucins are secreted from goblet cells as they ascend 
from their origin in the crypts up to the colonic epitheli 
Mucin secretion is dependent upon the close integration of 
the cystic fibrosis transmembrane regulator (CFTR), chloride 
secretion, and granule exocytosis. In addition to their physio¬ 
logic role as a mucosal barrier, mucins may also have a patho¬ 
logic role in the metastases of epithelial tumors and enhanced 
susceptibility to infection. 21 


Anatomic and Physiologic Differences—Large versus 
Small Intestine 


LARGE 

INTESTINE 


SMALL 

INTESTINE 


Villous projections (villi) 

Brush border microvilli 

Goblet cells 
Endocrine cells 
C ry pt-to-ep ithelial 
migration 

Amino add + glucose 

absorption 

Lipid absorption 
Vitamin absorption 

Glucose-stimulated 
Na absorption 
Electrogenic 

Na absorption 
Mineralocorticoid- 

stimulated 

Na absorption 
S C FA p rod u ction a nd 
absorption 


Absent 

Sparse 

Abundant 
Three cell types 
Slow 


Present 

Prominent 

Sparse 

> 20 cell types 
Rapid 


Absent 


Present 


Absent 

Absent 

Absent 


Present 

Present 

Present 


as 


Present 


Absent 


Significant 


Negligible 


Prominent 


Minimal 


The mechanisms of absorption and secretion in the large 
intestine are in many ways similar to those of the small intes¬ 
tine Chapter 222), but several important differences exist 
(Table 223-2). Active nutrient (glucose, amino add, mono- 
glyceride) transport is prominent in the small intestine, but 
evidence indicates active glucose or amino acid absorption in 
the colon except during the early neonatal period. Sodium 
transport also differs in the colon* Glucose- and ammo acid^ 
stimulated sodium transport is a well-established property of 
the small intestine, so much so that oral glucose-electrolyte 
solutions have been used to reduce the morbidity of cholera 
and other infectious diarrheal diseases of the small intestine. 
In contrast, glucose-coupled sodium transport does not take 
place in the colon and glucose-electrolyte solutions are of no 
benefit in diarrheal diseases of the large intestine* Sodium 
transport in the colon instead relies upon electrogenic trans¬ 
port, 18 - 19 The large intestine also differs in its response to 
eralocorticoids* Aldosterone markedly increases sodium 
transport in the colon, but it has only a modest effect in the 
small intestine Net sodium absorption ceases in the colon only 
when the luminal sodium concentration is reduced below 
30 to 50 mEq/L r whereas net sodium absorption in the 
jejunum occurs only at luminal sodium concentrations above 

130 mEq/L. 

Chloride absorption in the colon has both passive and 
active properties. Passive chloride absorption primarily repre¬ 
sents a potential-dependent process secondary to the electri¬ 
cal potential generated by electrogenic sodium absorption. 

Bicarbonate secretion is an important feature of colonic 
electrolyte function and helps to neutralize acids produced by 
bacterial fermentation. Chloride-bicarbonate (C1-HC0 3 ) 
exchange is the primary cellular mechanism responsible for 
bicarbonate secretion. 

The descending colon possesses both potassium absorptive 
and potassium secretory processes that are regulated by lumi- 
nally and hormonally mediated mechanisms, and the overall net 
potassium movement represents the balance of these oppo¬ 
sitely directed transport mechanisms Therefore the colon 
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Regional Daily Net WaterTurnover 
In the Canine Gastrointestinal Tract 

{Approximate Figures 20 Kg Dog, ml/24 hr) 


nun- 




cn 






Jejunum 




Intake-600 


Ileum 


+ 


Colon 


s 


Duodenum 




19 


Feces 

35ml 


Endogenous 

Secretions 

2100ml 

(SaMvary, Gastric, 
Pancreatic, Hepatic. 

And Intestinal) 

Pe re e nt of Tota I 


1000ml 


315ml 


1350ml 


50 


37 


12 


Percent Efficiency 

(Fractional Water Extraction) 


50 


75 


90 


Figure 223-3 Regional daily water turnover in the canine gas¬ 
trointestinal (GI) tract. (Adapted from Burrows CF: Chronic diar¬ 
rhea in the dog. Vet Clin North Am Small Anim Pract 13:521, 

1983, with permission.) 
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Gastrointestinal Disease 


Bacterial Fermentation 

The colon contains the largest concentration of bacteria in the 
GI tract, up to 10 n organisms per gram of feces. The colonic 
microflora play an important role in the nutrition of the 
animal primarily via the production of short chain fatty acids 
(SCFAs). 22 Major fiber fermentation substrates include cellu¬ 
lose, hemicellulose, and pectin, substrates that typically 
not digested by pancreatic or intestinal amylases. Acetate, 
propionate, and butyrate account for more than 85% of 
formed SCFAs, and they accumulate in concentrations up to 
150 mmol/L in the colon of dogs. 23 SCFAs 
absorbed by the colonic mucosa, are readily metabolized by 
colonic epithelial cells, and have various physiologic effects. 
Among their physiologic effects, SCFAs promote differentia¬ 
tion and proliferation of colonocytes, 24 stimulate absorption 
of water and electrolytes, 25 provide 7% to 10% of an animal's 
overall energy requirements, 23 and influence or modify motil¬ 
ity of the GI tract. 2 ® 

The colonic flora is influenced by many factors, including 
host species, breed, developmental stage, dietary history, envi¬ 
ronmental conditions, geographic locale, colonic motility pat¬ 
terns, disease, and medication history. 

In general, anaerobic bacteria [Bacteraides spp., 
Bifidobacterium spp,, Clostridium spp., and Lactobacillus spp,) 
predominate in the canine colon, accounting for up to 90% of 
the colonic microflora. Most are facultative or aerotolerant 
anaerobes, not true obligate anaerobes, 27 Enterobacteria and 
streptococci are the predominant aerobic bacteria found in the 
canine colon. In the cat, approximately equal numbers of 
obic and aerobic bacteria are found in the colonic lumen. 28 

The colonic flora changes significantly with developmental 
stages. The aging canine colon becomes more readily popu¬ 
lated by Clostridium perfringens and other obligate anaerobes, 
and less populated by aerobes and aerotolerant anaerobes, 27 - 29 
This change takes place in the ascending and descending 
colon, but it is most significant in the descending colon where 
anaerobic conditions tend to predominate. Senescent changes 
in bacterial populations of the colon conform to the principles 
of successions! ecology. 30 Over time, changes in pH, redox 
potential, bacterial competition, and nutrient availability facil¬ 
itate the proliferation of anaerobic bacteria permitting them 
to eventually displace the aerotolerant forms. 

An animal's breeding and genetic background may also 
influence the colonic flora. For example, far fewer 
Bifidobacterium spp, are recovered from the feces of beagle dogs 
than are recovered from other dog breeds. 29 31 This represents a 
problem for studies of colonic bacteriology because many of the 
reference studies have been generated from beagle dogs. 

Diet has a major impact on numbers and types of bacteria 
recovered from the colon. Bacteroides spp. appear to be par¬ 
ticularly susceptible to changes in the diet. 3133 The protein, 
carbohydrate, and fiber content of the diet all appear to influ¬ 
ence the ability of bacteria to grow within the colon. Thus 
dietary history should always be considered when interpreting 
results of fecal or colonic bacterial cultures. 

Geographic locale and environmental conditions can also 
influence colonic bacteriology in the dog. Bifidobacterium 
are readily isolated from dogs from Japan, but they 
sistently found in American dogs. 2931 Housing conditions 
appear to be another confounding factor Open housing envi¬ 
ronments 27 appear to facilitate colonization of a greater pro¬ 
portion of facultative anaerobic bacteria compared with 
dosed Facility conditions. 34 

Motility patterns of the colon influence the bacterial ecol¬ 
ogy of the colon. The antiperistaltic activity of the ascending 
and transverse colon particularly facilitates the mixing of fecal 
material with endogenous bacteria. Abnormalities in the 

motility patterns of this part of ihe colon lead to changes and 
proliferation of obligate anaerobes similar to that found in the 

descending colon 


Disease and medical therapies, particularly antibiotics, alter 
the microbial characteristics of the colon. These change 
poorly understood in dogs and cats, but they very likely 
tribute to clinical symptomatology. 

Immune Surveillance 

The colon contains a diverse array of immune cells, including 
T and B lymphocytes, plasma cells, macrophages, dendritic 
cells, antigen-presenting cells, mast cells, eosinophils, and neu- 
trophik 3 5 7 36 ‘ 39 Immune cells are found in the epithelium, 
lamina propria, and submucosa of the colon. As in the small 
intestine, appropriate interactions between these different cell 
types are essential in generating either immune responsiveness 
or tolerance to the large array of luminal antigens. 40 41 Much 
less is known about colonic immunity, but some generalizations 
may be made. In the colon, CD8+T cells are found primarily 
in the epithelium; very few CD8+ T cells are found in the 
lamina propria or submucosa. Most IELs are CD3+ and 

phenotype consistent with suppressor-cytotoxic 
functions. Lamina propria T cells, on the other hand, are pre¬ 
dominantly of the CD4+ helper phenotype. Immunoglobm A 
(IgA)-containing plasma cells are more prominent than IgG- 
or IgM-containing plasma cells in the lamina propria. Thus in 
the normal colonic mucosa, a balance would appear to be 
maintained between helper and suppressor T cell populations, 
which allows specific antigen responsiveness while avoiding 

hyper-reactivity, 5 - 6 42 A more detailed discussion of GI immunity 
may be found in Chapter 2 22, Diseases of the Small Intestine. 
Many similarities exist in the immune systems at both sites, 
but important differences exist in the immune response of the 
small and large intestine (discussed in Inflammation). 
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Motilfty 

The colon has evolved to serve two important functions: 
(1) extraction of water and electrolytes from the luminal 
tents in the ascending and transverse colon and (2) control of 
defecation in the descending colon. This specia liz ation of 
function has been attributed to regional differences in colonic 
motility patterns. 3 ^ 43 - 46 Electrical slow wave frequency and 
rhythmic phasic contractions (RPCs) are slower in the proxi¬ 
mal portion of the colon, thus facilitating extraction of water 
from the fecal mass 


con- 


by diffusion and active transport. 
Retrograde giant contractions (RGCs) and anti peristalsis fur¬ 
ther facilitate the mixing of contents in the proximal colon. In 
contrast to that of the proximal colon, motility of the distal 
colon is characterized primarily by migrating spike bursts and 
powerful giant migrating contractions (GMCs) that propagate 
the fecal mass toward the rectum. 46 

Colonic smooth muscle generates at least four different 
types of contractions to perform the complex motility func¬ 
tions of mixing and propulsion: (1) tone, (2) RPCs, (3) R GCs, 
and (4) CMCs. The time course, frequency, and force gener¬ 
ated by each of these contractions are significantly different 
from each other. 43 ^ 6 The precise role of tone in circular 
muscle cells is not known, but the resulting decrease in the 
diameter of the colon may enhance the efficiency of the 
phasic contractions in mixing and propulsion. Tone is nor¬ 
mally of small to moderate force and can last for prolonged 
periods of time (several minutes to hours). RPCs produce 
mixing and net slow distal propulsion of luminal contents in 
the postprandial and fasting state. Phasic contractions 
rhythmically at a few cycles per minute, last for about 3 to 5 

seconds, and generate a moderate force (75 to 100 g). RGCs 
occur infrequently, last for about 20 seconds, generate a very 
strong force (> 150 g), and are propagated from their point of 
origin into the ascending colon, RGCs facilitate mixing in the 
ascending colon, The GMCs are of a similar magnitude and 
frequency to the RGCs, but they generate 
from their point oi origin to the anorectal junction. It has 
been suggested that different signal transduction path 
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used by smooth muscle cells to trigger different contrac¬ 
tions, 4 ^ 48 It is remarkable that the same smooth muscle cells 
can generate so many different types of contractions using a 
limited number of second messengers. 


infection), abdominal pain (IBD, colonic neoplasia, cecal or 
colonic perforation), abdominal mass (colonic neoplasia, gran¬ 
ulomatous colitis, intussusception), small intestinal thickening 
(concurrent SI 1RD, SI lymphoma), mesenteric lymphadenopa- 
thy (SI IBD, SI lymphoma), hepatosplenomegaty (lymphoma, 
disseminated fungal infection), and uveitis (protothecosis, 
lymphoma), A scoring system has been developed to relate 
clinical signs with histologic findings in canine IBD. 

tipation is the second most important pathophysio¬ 
logic condition of the colon. Clinical signs include reduced, 
absent, or painful defecation for a period of time ranging from 
days to weeks or months. Physical examination findings will 
depend on the severity and pathogenesis of constipation. 
Dehydration, weight loss, abdominal pain, and mild to mod¬ 
erate mesenteric lymph a den op a thy are common findings in 
cats with idiopathic constipation. Physical examination might 
also reveal abdominal mass (cecal or colonic neoplasia, granu¬ 
lomatous colitis), abdominal pain (foreign bodies, colonic per¬ 
foration), autonomic neuropathy (dysautonomia), hindlimb 
paresis lumbar spinal cord pathology), pelvic fracture (pelvic 
outflow' obstruction), and perineal hernia (cause or complication 
of constipation). 

Laboratory Data 

For both inflammation and constipation, the scope of the 
medical investigation will be shaped by prior history, sus¬ 
pected cause, chronicity, and signs of systemic illness 51 ' 52 

(Figure 223-4). 

Complete blood count (CBC), serum chemistry, and uri¬ 
nalysis should be considered in animals with signs of colonic 
disease, particularly those with signs of systemic disease. These 
tests may provide evidence of anemia (chronic disease, GI blood 
loss), leukocytosis [ IBD, neoplasia, cecal or colonic perforation), 
eosinophilia (parasitism, Addison's disease, mast cell disease, 
hypereosinophilic syndrome), thrombocytopenia (concurrent 
immune thrombocytopenia), hypoproteinemia (protein-losing 
enteropathy [PLE]), hyperglobulinemia (FIP, IBD, infection, 
neoplasia), hypercalcemia (neoplasia, fungal disease), hypo¬ 
glycemia (leiomyosarcoma), and hyponatremia and hyper- 
kalemia (Addison's or pseudo-Addison's disease). This 
minimum data base is also useful to screen animals prior to 

anesthesia and colonoscopy. If funga], Oomycetes, or algal 

infections are possible causes in the pet's geographic area, spe¬ 
cial serologic tests are available for the diagnosis of some of 
these diseases (Table 223-4), Feline leukemia virus (FeLV) and 
Feline immunodeficiency virus (FIV) testing are warranted in 
cats with unexplained, chronic diarrhea. 

Fecal Parasitic Evaluation 

Direct fecal smears and fecal flotation studies should be 
performed to evaluate for helminth, protozoa, and some 

bacterial infections (see Table 223-4). Direct fecal smears 
may be useful in detecting Giardia, Tritrichomonas , and 
Campylobacter organisms. Zinc sulfate flotation is the most 
accurate and practical fecal flotation test available, and it may 
be more sensitive for the detection of Giardia and 
Tritrichomonas infections. Some animals may have intermit¬ 
tent shedding of helminth ova, Giardia trophozoites and 
cysts, or both; therefore suspected infections should always be 
treated with anthelmintics or antiprotozoal agents before 
animals are subjected to colonoscopy 

Fecal Bacterial Culture 

Fecal cultures should be considered in animals with suspected 
bacterial infections of the intestine and colon* Risk factors for 
bacterial colitis include young age, crowded or poor hygienic 
environmental conditions, co-infection with helminth or 

protozoal parasites, viral immunosuppression , 53 boarding or 
kenneling conditions, and multiple-pet households. Bacterial 
pathogens associated w ith colitis or enterocolitis lesions in dogs 


DIAGNOSTIC EVALUATION 


so 


History and Physical Examination 

Inflammation is the most important pathophysiologic condi¬ 
tion of the colon. Colitis is responsible for the major clinical 
signs of hematochezia, mucus in the feces, dyschezia, abdomi¬ 
nal discomfort, tenesmus, urgency, and increased frequency of 
defecation. The colon is an important target organ for IBD in 
the dog, whereas the upper GI tract (stomach and small intes¬ 
tine) is more frequently involved in feline IBD. Clinical signs 
are useful in localizing the anatomic site of the diarrhea to the 
small or large bowel (Table 223-3), although some animals 
will have diffuse involvement of the small and large intestines. 

The history should include specific questions about diet, 
parasite control, environment, travel history, concurrent med¬ 
ical disease, and drug history* Dietary sensitivity reactions 49 and 
parasitism are major causes of colitis in many pet populations. 
Dietary history should include information regarding type of 
diet, incidence of dietary indiscretion, supplements, snacks, 
and treats. Information concerning previous fecal examinations 
and anthelmintic use may provide useful clues to the cause of 
the diarrhea. Environmental history should identify other pets 
in the household, the composition of their diets, and any 
behavioral interactions or hierarchies that might influence the 

development of clinical signs. The travel history may yield 
important information about exposure to histoplasmosis, 
pythiosis, and heterobilharziasis, all of which have regional 
distributions* Concurrent medical disease (e.g., Addison s dis¬ 
ease, IBD, pancreatitis) will also help place the current 
episode of colitis in context. The drug history should include 
information about the use of alternative and complementary 
medicines that could contribute to clinical symptomatology. 

The physical examination may be normal in many cases of 
colitis. The most consistent physical examination findings are 
pain and irregularities of the colonic mucosa on digital rectal 
examination* The perineum should be examined carefully to 
exclude perineal diseases such as perineal hernia and perianal 
fistula. Physical examination may reveal other important find¬ 
ings, including fever (IBD, cecal or colonic perforation, fungal 








Table: 




Clinical Signs Associated with Diarrhea—Large 
Bowel versus Small Bowel 


co 


SIGNS 


SMALL BOWEL 


LARGE BOWEL 


Weight loss 
Vomiting 

Flatulence 


May be present 
May be present 

Present with 
malassimilation 
Normal to 

mild increase 
Increased 


Uncommon 

Uncommon 

Unusual 


Defecation 

frequency 
fecal volume 


Marked increased 

freq u e ncy 
Normal to mild 

increase 
Usually present 
Usually present 

Frequently present 
Often present 

Absent 

Absent 


Absent 

Absent 

Usually absent 
Absent 

Sometimes present 

Present with 
malassimilotion 


Urgency 

Tenesmus 

Mucous in feces 
Hematochezia 

Melena 

Steatorrhea 
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Large bowel diarrhea 


H j sto ry 

Physical examination 




First episode 


No improvement 
Recurrence 

i 

* Complete blood count (CBC), 
serum chemistry, urinalysis 

* Fecal culture, polymerase 
chain reaction (PCR), reverse 
transcriptase PCR (RT-PCR) 

* Exfoliative cytology 

* Abdominal imaging 

* Colonoscopy 


* Rehyd ration 

* Fecal examination 

* Empirical anthelmintics 
■ Dietary modifications 


A 


z 


Irritable bowel syndrome 

* Fiber supplementation 

* Loperamide 

* Propantheline 


Dietary sensitivity 

* Novel protein diets 

• Hydrolyzed diets 

* Antioxidant diets 

• Fiber supplementation 


Inflammatory bowel disease 

* Dietary modification 

* Antiinflammatory drugs 

* Immunosuppressive drugs 
- Motility-modifying drugs 


Infection 

* Antibiotics 

* Anthelmintics 

* Antiprotozoa Is 


Lymphoma 

• Chemotherapy 


Constipation 


H i story 

Physical examination 


First episode 


Recu rre nee 

* Anorectal examination 

* Neurologic examination 

* Laboratory data 

* Abdominal and pelvic imaging 


B 


• Enemas 

• Removal of impacted feces 

• Conservative medical therapy 








1 


Pelvic stenosis 
* Colectomy 


Neural deficits 

* Manx defect 

* Neural injury 

* Dysautonomia 


idiopathic constipation 
* Continued medical 

therapy 


Perineal herina 

* Herniorrhaphy 

* ± Colectomy 


Colonic neoplasia 
* Colonic resection 


Figure 223-4 A, Diagnostic approach to large intestinal diarrhea, 8, Diagnostic approach to 

constipation, PCR, Polymerase chain reaction; R'F-PCR, reverse transcriptase polymerase chain 
reaction. 
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Table 


Definitive, Suspected , and Unproved Pathogens of the Large Intestine of Dogs and Cats 


EVIDENCE OF 
PATHOGENICITY 


CLASSIFICATION/ 

ORGANISM 


DIAGNOSIS 


REFERENCES 


TISSUE TROPHISM 


Helminths 

Trichuris vulpis 

Trich u ris s errata, 

T, campanula 
Ancylostoma caninum 
Heterobilhorzia 
am ericana 


Good evidence 
Moderate evidence 


Fecal flotation 
Fecal flotation 


63,64 

63,64 


Cecum, colon 
Cecum, colon 


Fecal flotation 
Fecal flotation, 
histology 


63,71,116,117 

66,67,68 


Good evidence 

Good evidence 


Intestine, colon 
Colon 


Protozoo 

Balantidium coli 

Entamoeba histolytica 

Ciardia s pp. 


Poor evidence 

We a k ev id ence 

Moderate to good 
evidence 


Fecal flotation 
Fecal flotation 
Fecal flotation, 

ELISA, I FA, 

duodenal/ 
colonic aspiration 
Fecal flotation 
Fecal flotation, culture, PCR 


69,70 

71,72,73 

74-87 


Colon 

Colon 

Intestine, colon 


Intestine, cecum, colon 
Ileum, cecum, colon 


Weak evidence 

Moderate to good 

evidence 


88,89 

90-95 


Isospora ohioenesis —dogs 
Tritdehorn orras 
foetus—cat s 


Fungi 

His toplasma caps uia turn 


Exfoliative cytology, 

histology 


96-100 


Intestine, colon 


Good evidence 


Oomycetes 

Pyt h ium instdiasum 


H i s t olog y, 

i m m u n oh i stoche m i stry, 

ELISA, PCR 


101-107 


Good evidence 


Stomach, intestine, colon 


Algae 

Prototheca zopfii/ 

wickerhamii 


Exfoliative cytology, 
histology 


108,109 


Eyes, skin, colon, CNS 


Good evidence 


Bacteria 

Brachysptra pilosicofi 


Moderate evidence 


Culture, PCR, 
histology 
Culture, PCR 


110-114 


Ileum, colon 






Intestine, colon 


Moderate to good 
evidence 


115-124 


Campyio bacter co/4 
C; jejuni, C. upsaliensis t 
C. helveticus 
Clostridium perfringens 




Moderate to good 

evidence 

Weak to moderate 
evidence 

Good evidence 


126-133 


Colon 


Gram staining, 

culture, ELISA, PCR 
Culture, Toxin A 
ELISA, genotyping 
Culture, serotyping, 

PCR 

Culture, serotypmg, 
PCR 
Culture 






Clostridium difficile 


Colon 


131-136 




137*144 


E coli (ET, El, EP, EH, EA) 


Intestine, colon 






145-147 


Intestine, colon 


Good evidence 


Salmonella spp. 






Poor evidence 


148,149 


Yersinia enterocofitica 


Colon 


ELISA, Enzyme-linked immunosorbent assay; IFA, indirect fluorescent antibody; PCR, polymerase chain reaction. 


purpose of diagnosing small intestinal bacterial overgrowth 

(Chapter 222], 

Molecular Diagnosis 

A number of PCR and reverse transcriptase (RT)-PCR assays 
have been developed for gene amplification products and mes¬ 
senger RNAs of infectious organisms. Assays are now available 
for the molecular diagnosis of Tritrichomonas foetus , Pythium 

i n sid ins um, Camp\ /oh < t cter ieju n i, Closiridi u m pe rfri ngm s , 


and cats have included Brachyspira pibsicoli, Campybhacter 
spp., Clostridium perfringens and C. difficile, certain Escherichia 
coli (enterotoxigenic, enteroinvasive, enteropathogenic, 
enterohemorrhagic, enteroadherent), Salmonella spp,, and 
perhaps Yersinia emerocolitica (see Table 223-4). Culture 
results should always be interpreted in light of clinical signs, 
other findings such as coinfections, and substantiating labora¬ 
tory data such as serologies or polymerase chain reaction 
(PCR) results Fecal cultures should not be performed for the 
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C. difficile, E, coli , Salmonella spp., and Brackyspira pilosicoli, 

and many more are likely forthcoming. Molecular detection 

has become the standard for infectious disease diagnosis in 
many instances. 54 


Exfoliative Cytology 

Exfoliative rectal or 


endoscopic cytology may be useful 
identifying causative agents (e,g., fungal elements, neoplastic 
cells] and inflammatory cells (e.g., lymphocytes, eosinophils). 
Rectal smears may be obtained with cotton-tipped applicator 
or conjunctival spatula during anorectal examination or with 
a cytology brush at the time of endoscopy. A good correlation 
(specificity: 97%; sensitivity: 93%) has been shown between 
exfoliative cytology and subsequent endoscopic or surgical 
biopsy in one study. 55 Additional studies will be needed to 
verify the diagnostic value of this test. 


in 


Imaging 

Survey abdominal radiographs may occasionally document 
colonic foreign objects, mesenteric or sublumbar lymph adenopa¬ 
thy, intussusception, and extraluminal compression; however, 
survey radiographs are generally nonspecific in the diagnosis 
of colonic disease. Contrast studies (i*e,, barium enema) are 
performed infrequently because of their poor sensitivity and 
requirement for general anesthesia. Ultrasonographic imaging 
has proved more useful in documenting mass lesions, lym- 
phadenopathy, intussusceptions, and bowel thickening. 
Abdominal ultrasound may also he used to facilitate percuta¬ 
neous aspiration of luminal masses, mucosal thickenings, and 
lymph nodes. 5657 Computed tomography (CT) colonography, 
also known as virtual cobnoscopy , has been successfully imple¬ 
mented in human medicine and has been studied experimen¬ 
tally in the dog. 5s 


Figure 223-5 Normal endoscopic appearance of the 
large intestine. 


canine 


Large volumes may be administered without inducing signifi¬ 
cant changes in water or electrolyte balanced Electrolyte 
solutions should be given at a dose of 25 mL/kg at 24 and 
12 hours prior to colonoscopy. Warm-water enemas should be 
performed gently, without irritating substances, at 24j 6, and 
2 hours before colonoscopy* The combination of a 36 to 48 hour 
food-Fast, GJ lavage solution, and enemas will usually result in 
a colon that is free of fecal fluids and solids. Endoscopic exam¬ 
ination of the colon is described in detail (see Chapter I01}. 59 

Diseased tissue, nondiseased tissue, and the transition zone 
between diseased and nondiseased tissue should be biopsied 
during colonoscopic procedures. This standard helps to verify 
the extent of the disease, ensures that disease in the submu¬ 
cosa has not been missed, and provides representative tissue 
samples to the pathologist to diagnose the disease* In 
cases of severe IBD or colonic neoplasia, advanced tissue 
necrosis may prevent the diagnosis of the disease process in 
the central part of the lesion. In the absence of gross mucosal 
abnormalities, three to five biopsy specimens should be 
obtained from each of the midascending, midtransverse, and 
mid-descending colonic regions. 


Colonoscopy 

Colonoscopy is indicated for the diagnosis of colitis-type diar¬ 
rhea unresponsive to dietary modification and medical therapy, 
suspected colorectal neoplasia, chronic constipation, 
plained stricture, and evaluation of prior surgical or medical 
treatment. 59 Colonoscopy is performed after other noninva- 
sive diagnostic tests (e.g., fecal parasitologic examination, fecal 
bacteriologic examination, exfoliative cytology, abdominal 
ultrasonography, survey ± barium, contrast radiography) have 
huled to diagnose the disease. 

Rigid or flexible endoscopy may be performed, but flexible 
endoscopy provides better visualization and examination of 
the entire colon. The normal colonic mucosa is pink in color, 

smooth in texture, and glistening in appearance (Figure 223-5} 

Unlike the esophageal, gastric, and duodenal mucosa, submu¬ 
cosal blood vessels are readily apparent. The mucosa should 
not hemorrhage when abraded by the endoscope; active hem¬ 
orrhage usually implies an underlying disorder such as inflam¬ 
mation or infection. The colonoscopic procedure should 
include examination of the more proximal structures (e.g*, 
ascending colon, cecum, ileocecal sphincter, distal ileum) 
whenever possible. The proximal colon is an important site of 

inflammation, parasitism, ileocolic intussusception, cecal 

inversion, and neoplasia. 

Fecal materials must be completely evacuated before the 
colonic mucosa can be properly examined. Incomplete bowel 
preparation is the major reason for an unsuccessful colono¬ 
scopic examination. Patient permitting, food should be with¬ 
held for 36 to 48 hours so that fecal material does not 
accumulate in the colon* The patient should also be given 
warm-w r ater enemas, G1 lavage solutions, or both. Lavage solu¬ 
tions are preferable to warm-water enemas, eo ^ 2 but both may 
be given to facilitate successful colonoscopy. Polyethylene 
glycol solutions are isosmotic, administered ora IK and induce 
a diarrhea that rapidly removes fecal material I 


unex- 


sorne 


INFECTION 


The colon may be colonized by several types of infectious 
organisms. The most important of these are the helminths 
[Trichuris spp ., Ancylostoma spp., Heterobilharzia spp), protozoa 
[Giardia spp., Tritrichomonas spp.), fungi [Histoplasma spp.), 
Oomycetes (pyr/imw spp.), algae [Prototheca spp.}, and bacte- 
[Brachyspira spp., Campylobacter spp., Clostridium spp., 
enteropathogeneic and enterotoxigenic £. coli , and Salmonella 
spp*). The routine medical investigation of any dog or cat 
affected with chronic large bowel diarrhea should include 
direct and indirect fecal examinations for helminth and 


na 


proto- 

bacterial culture of feces, and serologies (see Table 223-4). 
Some organisms appear "to be of low pathogenicity, but it 
should be emphasized that even commensal organisms may 
become pathogens given the appropriate circumstance. 


zoa 


Helminths 

Trichuris 

Cause Trichuris tndpis is per hap 
common causes of chrome large bow f eJ diarrhea in dogs. 63 


s one of the most 


the bowel. 


r o rn 
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Cats are occasionally infected with I! serrata and T campanula , 
Clinical signs in Trickuris- infected dogs and cats may vary 
from asymptomatic infections to mild intermittent episodes 
of mucousy feces to a cute-onset bloody diarrhea with tenes¬ 
mus and dyschezia. 

Pathophysiology The fecal-oral route of transmission is 
the canonical mute of infection. After ingestion of infective 
Trichuris ova, eggs hatch in the small intestine and larvae 
migrate to the cecum and colon where they attach to the 
mucosa. The pathogenicity of any infection is generally 
related to the magnitude of the host immune response. 
Factors contributing to the pathogenicity and clinical signs 
include the number of mature worms present, the location of 
the worms, the degree of inflammation, the severity of anemia 
or hypoproteinemia, nutritional status of the host, and the 
presence of other GI parasites and micro-organisms. 

Clinical examination Affected animals generally have 
mild clinical signs of typhlitis and colitis, although some dogs 
develop a clinical scenario of signs and laboratory findings 
(e.g., hyponatremia, hypochloremia, hyperkalemia) consistent 
with hypoadrenocorticism. When tested, Trichu m-infected 
dogs are normoreactive to ACTH stimulation and are instead 
referred to as pseudo-Addisonian. 65 Eosinophilia, anemia, and 
hypoalbuminemia are possible, but these are more common 
laboratory findings with other GI helminth infections (e.g., 
hookworms). 

Diagnosis Trichuris ova can be identified on routine fecal 
flotation procedures; however, they may be missed because of 
intermittent shedding. Empiric treatment for occult Trichuris 
infection should always be performed before moving on to a 
more detailed, costly, and unnecessary medical investigation. 

Treatment Many safe and effective therapeutic agents 

are available for Trichuris spp. Fenbendazole, febantel with 
praziquantel, milbemycin, and ivermectin with pyrantel 
pamoate all have established efficacy against whipworms. 
Treatment should be repeated in 3 weeks and again in 3 
months, and pet owners should be advised to decontaminate 
the environment. 


egg migration through the bowel wall elicits an intense gran¬ 
ulomatous response. It is usually the host response that gives 
rise to the clinical symptomatology. 

Clinical examination Clinical signs vary from none to 
acute signs of vomiting, weight loss, bloody diarrhea, and pro¬ 
gressive emaciation. Affected animals may have biochemical 
evidence of hypoalbuminemia, hyperglobulinemia, hypercal¬ 
cemia, and liver enzyme elevation. 




Diagnosis is confirmed by demonstration of 


Diagnosis 

ova on direct fecal examination or tissue biopsy. Serologic 
tests have not yet been successfully implemented in compan¬ 
ion animals. 


Treatment Fenbendazole in combination with praziquan¬ 
tel appears to be effective in the treatment of H, americana. 

Prognosis The prognosis for acute infections is generally 
favorable, although severe liver involvement may portend 
chronic liver disease and cirrhosis. 


64 


Protozoa 

Balantidium coii B. coli is primarily a pathogen of sheep. 
Only one case report of natural infection in the dog has ever 
been published. 69 In another report, a total of 375 fecal sam¬ 
ples of 56 mammalian species belonging to 17 families of 4 
orders were examined for the detection of Balantidium coli. 
B. coli organisms were detected in several animal species, but 
not in dogs or cats, 70 

Entamoeba histolytica Two isolated case reports of 
colitis in dogs 71 and one in cats 72 are associated with recovery 
of E. histolytica from the feces. E. histolytica can be recovered 
from the feces of healthy dogs and cats, but it appears to be of 
low pathogenicity in dogs and cats. 

Gia rdia 

Cause Giardia spp. are protozoal parasites that primarily 
infect the small intestine of dogs and cats. The cecum and 
colon are only occasionally colonized by Giardia , Ail mam¬ 
malian isolates are currently classified as Giardia lamblia, 
although some nomenclature systems use the name G. duode- 
nalis or G. intestinalis . u Recent DNA sequence technology 
suggests that one or two distinct Giardia genotypes can be 
isolated exclusively from dogs, 75 - 76 and a distinct genetic group 
can be isolated from cats, 77 It is not dear whether differences 
in pathogenicity exist between these genotypes. Giardia species 
have a worldwide distribution. Because Giardia is maintained 
in nature primarily by fecal-oral transmission, more cases are 
associated with crowded and unsanitary conditions. A recent 
study showed a prevalence in the dog of 7.2%. 7s 

Pathophysiology Giardia spp. are found on the surface 
of enterocytes, where the trophozoites attach to the brush 
border of the epithelium. Specific histologic changes have not 
been reported, but persistence of infection may promote 
apoptosis and inhibition of re-epithelialization. 

Clinical examination Although infected animals may 
remain asymptomatic, clinical signs such as acute or chronic 
diarrhea, weight loss, or even acute or chronic vomiting may 
develop. Although Giardia cysts and trophozoites have been 
found in the feces of dogs with both small bowel and large 
bow r el diarrhea, Giardia infection is primarily a problem of 
the small intestine (Chapter 222). 

Diagnosis Giardia infections can be diagnosed by 

demonstrating motile trophozoites on fresh fecal smears or 


73 


2 


Prognosis The prognosis for recovery and cure is excellent. 

Ancylostoma caninum. Hookworms are primary pathogens 
of the small intestine (Chapter 222), but they occasionally 
infect the cecum and colon with overwhelming infestations. 
Diagnosis is achieved by demonstrating hookworm ova in the 
feces, and treatments are similar to those used for whipworm 
infections (Chapter 222), 

Heterobilharzia americana 

Cause H. americana is considered the primary agent of 
schistosomiasis in dogs. It is an uncommon infection in dogs 
and is encountered almost exclusively in the southern Atlantic 
and Gulf Coast states in the United States. In addition to the 
dog, nutria, raccoons, rabbits, and mice serve as important 
reservoir hosts. Although uncommon, heterohilharziasis is an 
important consideration in the differential diagnosis of acute 
and chronic large bowel diarrhea in endemic areas, 6667 

Pathophysiology The life cycle of H, americana is com¬ 
plex and involves an intermediate (snail) and definitive (dog) 
host and various life stages. Dogs are infected when motile 
cercaria from snails penetrate their skin. The schistosomulae 
migrate from the skin to the liver of the definitive host, where 
they develop into mature male and female worms. Adult 

sc hi st somes lav eggs in the terminal mesenteric venules, and 
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cysts by zinc sulfate sedimentation. 79 80 Commercial enzyme- 
linked immunosorbent assay (ELISA] kits have also been used 
to detect Giardia antigen in fresh fecal samples. ELISA assays 
may be slightly more sensitive and specific than a single zinc 
sulfate concentrating technique in diagnosing Giardia infec¬ 
tions in dogs. 76 80 A direct immunofluorescent antibody test 
has been used in the diagnosis of Giardia infections in 
humans, but it has not yet been validated in the dog. 
Duodenal aspirates during GI endoscopy appear to be inef¬ 
fective in diagnosing Giardia infection. 8 * 

Treatment Metronidazole, ipronidazole, fenbendazole, 
albendazole, and a praziquantel, pyrantel pamoate, febantel 
combination have all been used in the treatment of Giardia 
infections with varying levels of success. 82+85 A Giardia 
vaccine has been shown to be effective in prevention and 

therapy in dogs, 86 87 but efficacy has not yet been established 
in cats. 74 


and by definitive identification of microscopically observable 
or cultivated organisms. 94 

Treatment At this time the origin of the infection in 
most cats is unknown, and no effective antimicrobial treat¬ 
ment exists for T foetus infection. Metronidazole and fenben¬ 
dazole may improve clinical signs but generally do not resolve 
infection. Nitazoxanide eliminates shedding of T. foetus and 
Cryptosporidium oocysts, but diarrhea and oocyst shedding 
recur with discontinuation of treatment A series of cats that 
were treated with paromomycin for T. foetus infection subse¬ 
quently developed kidney failure. 95 Consequently, paro¬ 
momycin should probably not be used in cats. 

Prognosis The prognosis for eradication of the organism 
is not encouraging at this time. 

Fungi 


Prognosis The prognosis for long-term health and recov¬ 
ery is generally very favorable* 

Isospora cants, L ohioertsis, I. felts, L rteorivolta. The 
Isospora species are the most common cocci dial parasites 
of dogs [1. canis and J. o/noenris) and cats (J. felis and L 
neorivolta), The coccidia are primarily parasites of the small 
intestine (Chapter 222), but /. ohioensis may induce cecal and 
colonic pathology in puppies and young dogs. 8889 
Sulfadimethoxine (50 mg/kg orally, once a day for 10 days) 
sulfatrimethoprim (15 to 30 mg/kg orally, once a day for 
5 days) may be used where clinical signs warrant treatment* 

Tritrichomonas foetus 

Cause Tritrichomonas foetus is a flagellated protozoan par¬ 
asite that is an important venereal pathogen in cattle. T foetus 
has also been identified as an intestinal pathogen in domestic 
cats from which intraluminal infection of the colon leads to 
chronic large bowel diarrhea. 90 Infected cats are usually young 
and frequently reside in densely populated housing such 
catteries or animal shelters. Cats often have a history of infec¬ 
tion with Giardia spp.; these infections are subsequently iden¬ 
tified as trichomoniasis after failure to eradicate the organisms 
with standard antiprotozoal treatment (e*g., metronidazole 
fenbendazole)* 

Pathophysiology After experimental inoculation in cats, 
T foetus organisms have been shown to colonize the ileum, 
cecum, and colon, reside in close contact with the epithelium, 
and are associated with transient diarrhea that is exacerbated 

by coexisting cryptosporidiosis. 91 

Clinical examination Infected animals have clinical signs 
that are consistent with chronic colitis-type diarrhea* 

Diagnosis Diagnosis of trichomGnosis in cats is made by 
direct observation of trichomonads in samples of freshly 
voided feces that are suspended in physiologic saline (0.9% 
NaCI) solution and examined microscopically at x20Q to 
x4QG magnification. 92 T foetus can also be grown from feces 
via incubation at 37 Q C in Diamond's medium. 93 The 
tivity of direct examination of a fecal smear for diagnosis of 
T foetus in naturally infected cats is unknown but is suspected 
to be poor. A commercially available culture system that is 
sensitive and specific for culture of T foetus will improve the 
diagnostic outcome* These kits are most useful when inocu¬ 
lated with less than or equal to 0T g of fresh feces at 25° C. 
More recently, a single-nested tube PCR technique has been 
developed that is ideallv suited for diagnostic testing of feline 
teca] samples that are found negative by direct microscopy 


Histoplasma capsulatum 

Cause Histoplasmosis is a systemic fungal disease of dogs 
and cats caused by H. capsulatum. In the environment, H* 
histoplasma organisms are mycelial, saprophytic soil fungi. In 
infected tissue or when cultured at 30 to 37° C, the 


organism 

is a yeast. The fungus is endemic throughout most of the tem¬ 
perate and subtropic regions of the world. Most cases of 
histoplasmosis in the United States occur in the central states, 
with the geographic distribution following the Mississippi, 
Ohio, and Missouri Rivers. 96 97 


or 


Pathophysiology Infection is probably via inhalation 
ingestion of infective conidi a from the environment* The 
piratory system is thought to be the primary route of infection 
in cats and dogs, although the GI tract may also be an impor¬ 
tant route in the dog. After inhalation or ingestion, conidia 
transform from the mycelial phase and 
macrophages, where they grow 
organisms. Hematogenous and lymphatic dissemination 
results in multi systemic disease* Organisms can be dissemi¬ 
nated to any organ system, but the lungs, GI tract, lymph 
nodes, liver, spleen, bone marrow, eyes, and adrenal glands are 
the most common organs of dissemination in the dogs; lungs, 
liver, lymph nodes, eyes, and bone marrow are most com¬ 
monly affected in cats. Cell-mediated immunity induces a 
granulomatous inflammatory response in most infections* 98 

Clinical examination Dogs with GI histopl asmosis typi¬ 
cally have mild fever, anorexia, lethargy, weight loss, vomiting, 
diarrhea, hematochezia, and tenesmus. Cachexia is a common 
physical examination finding. Other historical and physical 
examination findings (dyspnea, cough, ascites, lameness, oropha¬ 
ryngeal ulcerations, chorioretinitis, neuropathy’s will depend 
upon organ and tissue involvement. The full clinical spectrum 
of histoplasmosis infection is outlined in Chapter 174. 

Diagnosis Endoscopic examination usually reveals severe 
granulomatous inflammation of the large intestine (Figure 
223-6, A}* Organism identification is required for definitive 
diagnosis. The most common means of organism identification 
is cytology. Cytology from affected tissue reveals pyogranulo- 
inatous Inflammation, often with numerous small, round to 
oval intracellular yeast ceils (2 to 4 pm in diameter) character¬ 
ized by a basophilic center and a light halo (Figure 223-6, 6). 

Exfoliative cytology during colonoscopy is particularly useful 
in diagnosing the disease. 55 Histopathology is helpful if cytol¬ 
ogy is nondiagnostic or inconclusive. Multiple endoscopic 
colonic biopsies are usually sufficient to diagnose the disease 

The yeast form does not stain well with routine hematoxylin 
eosin (HStE) stains, so special stains such as PAS and Gomoris 


or 


res- 


are pfiagocytized by 
as facultative intracellular 


as 


or 


sen si- 
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Figure 223-6 A, Endoscopic appearance of granulomatous colitis in a dog infected with 

Histoplasma spp. B, Histologic appearance of granulomatous colitis in a dog infected with 
Histoplasma spp. Arrow indicates numerous small, round to oval intracellular yeast cells (2 to 4 pin 
in diameter) (Hematoxyiin-eosin [H&E] stain). 


methen amine silver stain are often used to demonstrate 
organisms. Fungal culture from affected tissue can be used for 
diagnosis but is rarely needed in clinical cases. Currently avail* 
able serologies have poor specificity and sensitivity. 98 

Treatment Itraconazole (5 mg/kg orally, twice a day for 
2 to 4 months) is considered the treatment of choice for feline 
histoplasmosis. In one study, itraconazole therapy cured histo¬ 
plasmosis infections in all eight study cats." Ketoconazole and 
amphotericin B have been described as the treatments of 
choice for canine histoplasmosis. With colonic involvement, 
additional GI therapy may be useful in affected dogs (eg,, 
dietary modification, treatment for small intestinal bacterial 
overgrowth, direct anti diarrheal therapy). Corticosteroids 
may-have been used successfully in the treatment of airway 
obstruction secondary to hilar lymph adenopathy in chroni¬ 
cally infected dogs. 

Prognosis There may be important species differences 
in prognosis, although the paucity of reports, especially of 
prospective clinical trials, makes it difficult to generalize* ft 
would seem that the prognosis is guarded in dogs but fair to 
good in cats. 

Oomycetes 

Pythiutrt insidiosum 

Cause P. imidiosum is an aquatic oomycete that causes 
severe GI pathology in a range of hosts in the tropic and sub¬ 
tropic climates. 101 Based on ribosomal RNA gene sequence 
data, members of the Class Oomycetes are phylagenetically 
distinct from the Kingdom Fungi and are more closely related 
to algae than to fungi . 102 The Oomycetes differ from fungi in 
two important properties (i.e. p cell wall and cell membrane 
composition). Chitin is an essential component of the fungal 
cell wall, but it is generally lacking in the oomycete cell wall. 
Oomycetes also differ from fungi in that ergosterol is not a 
principal sterol in the oomycete cell membrane* This difference 
may explain why ergosterol-targeting drugs like itraconazole 

are less effective in the medical treatment of pythiosis. 


Pathophysiology The infective state of P, insidiosum is 
thought to be the motile zoospore, which is released into stag¬ 
nant water in warm environments and likely causes infection 
either by encysting in the skin or by being ingested into the GI 
tract. Ingested zoospores encyst and adhere to the gastric, jeju¬ 
nal, and colonic epithelium with a polarity oriented toward 
the submucosa for rapid tissue penetration after germ tube 
eruption. Pytkium induces a chronic pyogranulomatous 
response in the GI tract and mesenteric lymph nodes. The 
gastric outflow tract and ileocolonic junction are the most 
frequently affected portions of the GI tract, and it is not 
uncommon to find two or more segmental lesions in the same 
patient. 103 Inflammation in affected regions is typically cen¬ 
tered on the submucosa, with variable mucosal ulceration and 
occasional extension of disease through serosal surfaces, 
resulting in adhesion formation and peritonitis. 

Clinical examination Weight loss, vomiting, diarrhea, 
and hematochezia are the most important clinical signs. 
Physical examination often reveals emaciated body condition 
and a palpable abdominal mass. Signs of systemic illness such 
as lethargy and depression are not typically present unless 
intestinal obstruction, infarction, or perforation occurs. 

Diagnosis Ileocolonic wall thickening, obliteration of 
the normal layered appearance, and regional lymphadenopa- 
thy are common ultrasonographic features of canine intestinal 
pythiosis* 104 Of course, these findings cannot be readily differ¬ 
entiated from those associated with intestinal malignancy. 
Definitive diagnosis requires histologic demonstration or 
immunohistochemical staining of the organism, positive 
ELISA or PCR assays, or a combination of these techniques. 
The histologic findings associated with pythiosis generally are 
characterized by eosinophilic granulomatous to pyogranulo¬ 
matous inflammation with fibrosis. Affected tissue typically 
contains multiple foci of necrosis surrounded and infiltrated 
by neutrophils, eosinophils, and macrophages. Discrete granu¬ 
lomas composed of epithelioid macrophages, plasma cells, 
mu kimi cl eate giant cells, and neutrophils and eosinophils may 
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also be observed, Pythium zoospores may be cultured directly 
from affected tissue in antibiotic-containing (e.g,, strepto¬ 
mycin , ampicillin) media. More recently, sensitive and specific 
ELISA and PCR assays have been developed for the accurate 
diagnosis of pythiosis in dogs. 105j|07 

Treatment Aggressive surgical resection remains the 
treatment of choice for pythiosis in dogs. Because it provides 
the best opportunity for long-term cure, complete resection of 
infected tissue should be pursued whenever possible. 
Segmental lesions of the GI tract should be resected with 3 to 
4 cm margins whenever possible. Medical therapy for the 
oomycetes has not been very promising. This may relate to the 
absence of ergosterol (cell membrane target of most currently 
available antifungal drugs) in the oomycete cell membrane. 
Clinical and serologic cures have been obtained in a small 
number of dogs after therapy with amphotericin B lipid com¬ 
plex (Z to 3 mg/kg every other day, administered to a cumu¬ 
lative dose of 24 to 27 mg/kg) or itraconazole (5 mg/kg every 
12 hours for 6 to 9 months)* 

Prognosis Unfortunately, most dogs with GI pythiosis 

are not presented to the veterinarian until late in the course 
of the disease, when complete excision is not possible. The 
anatomic site of the lesion (e.g., pylorus, ileocolic sphincter) 
may also prevent complete excision* Consequently, the prog¬ 
nosis is usually grave in most animals. 102 

Algae 

Prototheca zopfii and P. unckerhamii 

Cause Three species have been recognized within the 
genus Prototheca: Pstagnosa, P. unckerhamii, and P, zopfii; a 
fourth species, R salmonis, has been proposed. Of these three 
species, P, urickerhamii and P> zopfii have demonstrated 
pathogenicity. Prototheca spp. are ubiquitous in nature and are 
found in sewage systems, soil, lakes, rivers, ponds, and in feces. 
The organism has been documented to cause disease in dogs 
and cats and a variety of other species. P. wickerhamii is the 
causative organism in virtually all instances of cutaneous pro¬ 
tothecosis, and P zopfii is the causative organism in most 
instances of disseminated disease. 10 * 


several patients. Short-term improvement was reported in 
ordy two dogs. 

Prognosis Like pythiosis, the prognosis for protothecosis 
is grave. The course of the disease is so insidious that, by the 
time a definitive diagnosis has been reached, the organism has 
often disseminated throughout the body. 

Bacteria 

Brachyspira pilosicoli 

Cause Brachyspira spp., formerly Serpu/imi spp. or 
Treponema spp., are intestinal spirochetes of dogs, pigs, guinea 
pigs, rodents, non human primates, and humans. 110 In pigs, 
they cause two important diarrheal syndromes: (1) B. hyo- 
dysenteriae causes swine dysentery and (2) B, pilosicoli causes 
porcine intestinal spirochetosis. The consequences of colo¬ 
nization by intestinal spirochetes in animals other than pigs 
and in humans is controversial. Some investigators believe the 
bacteria may be responsible for various GI disturbances, 
whereas others have questioned their clinical importance and 
claimed that shedding of large numbers of spirochetes in con¬ 
nection with diarrhea may be blamed on dislodgment from 
the crypts by diarrhea induced by other causative agents. 

Intestinal spirochetes have been found in both healthy and 
diarrheal dogs. In a recent study it was suggested that canine 
intestinal spirochetes consist of B. pilosicoli and a group of 
non pathogenic spirochetes, provisionally designated Brachyspira 
( Serpulina ) canis . 111 Infection with B. pilosicoli in the colon of 
dogs might be subclinicai, but massive infection, which may 
occur in environments with poor hygiene or in dogs with a 
compromised intestinal function because of concurrent 
causative factors, may cause diarrhea, 111 B, pilosicoli may be 
associated with diarrhea in colony 112 and pet shop dogs. 113 

Pathophysiology Severity of clinical signs appears to be 
associated with attachment of spirochetes to the epithelial 
surface of the colon, persistence of B, pilosicoli in the cecal and 
colonic crypt lumina, chronic inflammation caused by sprio- 
chetal invasion into the lamina propria, and translocation to 
extraintestinal sites, lM 


Infected animals have clinical signs 


Clinical examination 
consistent with large bowel-type diarrhea. 


Pathophysiology Cutaneous infection with granuloma 
formation is the most common manifestation of protothecosis 
in most species, including cats and humans. Dissemination 
does not readily occur in cats or humans, but the infection 
readily disseminates to distant sites in dogs. 

Clinical examination Of the 26 canine cases reported in 
the veterinary' literature, 20 either had ocular signs on presen¬ 
tation or developed them later. 108 Sixteen cases had G3 signs, 
usually colitis-type diarrhea, vomiting, and weight loss. Six 
cases had neurologic signs in the form of paresis, head tilt, cer¬ 
vical pain, circling, and ataxia* P. zopfii accounts for most of 
the cases of canine disseminated protothecosis. 

Diagnosis Contrast radiography or abdominal ultra¬ 
sonography may reveal diffuse colonic wall thickening or 
obstruction, but these are nonspecific findings. Fecal parasito¬ 
logic examination is generally of little use in demonstrating 
the organism, but exfoliative cytology, histology, or both read¬ 
ily identifies the organism. 109 Aqueous or vitreous centesis can 
also be performed in dogs with ocular pathology and is gener¬ 
ally useful in documenting organisms in the ocular fluid. 

Treatment The management of systemic protothecosis 
has been challenging in all animal species. Amphotericin B 

and itraconazole (5 mg/kg orally, twice a day for 1 month and 
then b mg/kg orally, once a day thereafter) have been used in 


Diagnosis Brachyspira infections can be diagnosed by 
fecal culture, colonic histopathology, and PCR of fresh fecal 
samples. Brachyspira spp. are most effectively grown on either 
tryptic a se soy agar with 5% sheep blood or selective BJ agar 
at 42° C under anaerobic conditions. PCR amplification of 
the 16S rRNA gene has been used to further clarify natural 
infections. 111 


Treatment The best treatments for Brachyspira spp. 
infection have not yet been identified. 

Prognosis The prognosis for health and recovery appears 
to be quite favorable. 

Campy lo hacter 

Cause Campylobacter jejuni, G coli, C. upsaliensis, and 
C. helveticus are commensal organisms found in the GI tract 
of healthy dogs and cats throughout the world. 1 IS n7 The high 
prevalence of these organisms in healthy nondiarrheic dogs 
(C jejuni , 49%; G coli, 5%; C. upsaliensis t 19%) and cats 
(C jejuni, 46%; G coli, 1%; C. upsaliensis, 5%; C. helveticus, 
22%) complicates diagnosis, 118121 Under certain conditions, 
however, Campylobacter can induce significant GI tract pathol¬ 
ogy. Young age, immunoincompetence, concurrent GI infet - 
tions, prior therapeutic interventions (e.g., antibiotics), and 
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poor hygienic conditions appear to be the greatest risk factors 
for the development of infection, 122 

Pathophysiology At some point, Campylobacter organ¬ 
isms become emeroinvasive and induce the host inflammatory 
response. C jejuni localizes in mucus-filled crypts of the intes¬ 
tine and colon where it induces a superficial erosive entero¬ 
colitis. 122123 Colonic epithelial glands undergo hyperplasia 
and thickening with exfoliation of the b’ ush border and 
goblet cells. The colonic epithelium becomes cuboidal, crypt 
height is reduced, and crypt abscess is present. Shallow crypts 
and blunt irregular villi are features of the ileum response to 
infection. 


G perfringens are capable of producing CPE, the majority is 
produced by type A strains. As with enterotoxigenic E. ra/i 
(ETEC) strains, CPE is believed to induce crypt epithelial cell 
secretion. 


Clinical examination C/osfridtum perfringens -asso ci a ted 
colitis is believed to be a major cause of acute, nosocomial, 
chronic large bowel diarrhea. Acute nosocomial diarrhea often 
begins within 1 to 5 days of boarding or kenneling. Affected 
dogs develop diarrhea, often with blood pigments, mucous, 
and tenesmus. These diarrheas are usually self-limiting and 
may resolve with supportive care alone. Chronic large bowel 
diarrheas associated whth C. perfringens are similar to other 
large bo web type diarrheas (he., chronic, intermittent, and 
recurring signs of colitis). 

Diagnosis No gold standard exists for the diagnosis of 
G perfringens -associated diarrhea. Ideally, the diagnosis would 
be made on the basis of positive test results with Gram stain¬ 
ing, fecal culture, ELISA enterotoxin (CPE) assay, PCR 
enterotoxin ( cpe ) genotyping, and rule-out of other colonic 
diseases on colonoscopy and biopsy. 129-132 Compared with 
normal dogs (without diarrhea), diarrheic dogs are more often 

CPE ELISA and cpe PCR positive, but many normal dogs are 

positive on both assays. 

Treatment Recent in vitro antimicrobial susceptibility 
testing suggests that C perfringens should be susceptible to 
ampidllin, erythromycin, metronidazole, and tylosin. 133 These 
antibiotics have also been used in vivo with good success. It 
should be emphasized that many of the same patients respond 
to supportive care, including intravenous fluids, intestinal pro¬ 
tectants, and bland or fiber-supplemented diets. 

Prognosis Affected animals usually respond to appropri¬ 
ate therapy within a matter of days. The prognosis for recov¬ 
ery is excellent. 

Clostridium difficile Clostridium difficile is believed to 
share many ecological factors with Clostridium perfrin- 
gens, n4 ^ but the role of this organism as a pathogen in dogs 
and cats has not been firmly established. Compared with 
normal dogs (without diarrhea), diarrheic dogs are more often 
toxin A ELISA positive, even though they may be toxin A 
PCR negative. 132 As with G perfringens t many healthy dogs 
and cats carry C. difficile without developing clinical signs. In 
one recent study, it was difficult to experimentally infect dogs 
with this organism, and those that were infected did not 
develop clinical signs, l3e Antibiotic-associated diarrheas 
develop in dogs and cats, but they may have a pathogenesis 
other than C difficile, 

Escherichia coli 

Cause Most strains of E. coli are true commensal organ¬ 
isms that are not associated with clinical signs. Strains of E. coli 
that cause diarrhea in animals can be grouped into five main 
categories: (1) enterotoxigenic (ETEC), (2) enteroinvasive 
(EIEC), (3) enteropathogenic (EPEC) r (4) enterohemorrhagic 
(EHEC), and (5) enteroadherent (EAEC) organisms. 137 
Identification of pathogenic strains requires modern molecu¬ 
lar technology such as bio ass ays, DNA hybridization, and PCR 
amplification. 

Pathophysiology Infection may result in enteritis, colitis, 
or both. 138 Enterotoxigenic (ETEC) strains adhere to the sur¬ 
face of epithelial cells and produce toxins that are heat labile, 
heat stable, or both, and that induce crypt epithelial cell secre¬ 
tion. EIEC strains of E, coli invade, replicate in, and destroy 

epithelial cells. EPEC strains are neither enterotoxigenic nor 


Clinical examination Clinical signs are watery diarrhea, 
often containing mucous and blood pigments, tenesmus, 
anorexia, fever, and vomiting. 123124 Concurrent infections 
with Salmonella, Giardia, or parvovirus cause more severe 
disease. 


Diagnosis Direct examination of a fresh fecal sample is 
the method of diagnosis in many instances. Large numbers of 
curved, highly motile bacteria along with increased numbers 
of leukocytes is presumptive evidence of Campylobacter infec¬ 
tion, With Gram staining, large numbers of faintly staining 
gram-negative, slender, curved (gull wing shaped) rods are evi¬ 
dent. Fecal cultures or PCR are the most conclusive ways to 
determine the presence of Campylobacter.'^ 20 C. jejuni is 
best cultured microaero phi lie ally at 42 c C for 48 hours on 
special Campylobacter blood agar plates. 

Treatment Erythromycin is the treatment of choice, 
although tetracyclines, aminoglycosides, clindamycin, and 
quinoiones are also effective. Post-treatment cultures should 
be performed to confirm eradication. Pet owners should be 
advised on the importance of proper hygiene. 

Prognosis The prognosis for recovery and cure are 
generally excellent unless an underlying immunosuppressive 
condition has increased the susceptibility to infection. 

Clostridium perfringens 

Cause G perfringens is a gram-positive, spore-forming, 
obligate anaerobic rod-shaped bacterium that contributes to 
the microbial ecology and nutrition of the colon in healthy 
dogs and cats. 27 Under certain conditions, proliferation and 
sporulation of C. perfringens permits enterotoxin A (or CPE) 
production which may then induce mucosal damage, fluid 
secretion and large bowel-type diarrhea. Evidence for and 
against a role for G perfringens in the pathogenesis of large 
bow T el diarrhea has been put forward. Enterotoxigenic C. per¬ 
fringens has been associated with canine nosocomial diarrhea, 125 
hemorrhagic enteritis, 115 and acute and chronic large bowel 
diarrhea. 126127 On the other hand, many dogs harbor G per¬ 
fringens and CPE in the GJ tract without developing clinical 
signs. 116117 - 122 Until more definitive evidence is obtained, 
including the fulfillment of Koch's postulates, G perfringens 
should probably be considered as a suspected pathogen in 
large bowel diarrhea. 

Pathophysiology The presumed pathogenicity of G per¬ 
fringens requires an anaerobic environment, sporulation, and 
enterotoxin production. However, problems exist with this 
hypothesis: enterotoxin may be demonstrated in the feces 
without sporulation, and enterotoxin may be found in the 
feces of healthy dogs, C. perfringens isolates are classified as 
one of five toxigenic types (A to E) based on the production 
of one or more of four major (a, p, e, Q and seven minor (5, 
0, K, A, ji, v. and sialidase) I ox ins. 128 Although all five types of 
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entero invasive, but they do attach to and efface the brush 
border of the enterocytes. EHEC strains produce verocyto- 
toxins that induce hemorrhagic ileitis and colitis. EAEC 
strains of £. coli also induce enterocyte pathology, but their 
mechanism of action is poorly understood. Enterotoxigenic, 
enteropathogenic, and enterohemorrhagic E, coli have all been 
isolated from dogs and cats with diarrhea, E. coli endotoxin 
colonic absorption of water and sodium and contributes to the 
diarrhea seen during and after episodes of sepsis. 139 

Clinical examination Affected animals typically have 
diarrhea and hematochezia with clinical signs relevant to the 
small intestine, colon, or both. 

Diagnosis E. coli can be grown from the feces of healthy 
dogs and cats, so a positive culture does not necessarily reveal 
the identity of an underlying pathogen. In addition to positive 
culture, diagnosis may require enterotoxin assays and DNA 
hybridization and PCR amplification. 140-144 

Treatment Antibiotics should be used only in those 
cases in which firm evidence of bacterial infection 
Fluoroquinolones appear to be a 
for the treatment of enteric £. coli infections. 

Prognosis The prognosis is generally good for recovery 
and cure if infection is recognized early in the clinical course. 


Treatment Treatment varies according to the severity of 
the clinical signs. Mild, self-limiting forms of enterocolitis may 
in fact resolve with little more than supportive therapy 
Antibiotic therapy in such cases may prolong fecal shedding 
and encourage development of the carrier state. In animals 
with severe hemorrhagic diarrhea, history of immunosuppres¬ 
sion, suspected or documented septicemia, evidence of SIRS, 
or a combination of these symptoms, parenteral antibiotics 
should definitely be used. It culture results are unavailable, 
therapy should include enrofloxaein, amoxicillin, or trimetho¬ 
prim-sulfa, all of which are effective against Salmonella . Post¬ 
treatment cultures should be performed to confirm 
eradication, and pet owners should be advised of the public 
health importance of the disease. 

Prognosis The prognosis for recovery in nonsepticemic 
patients is generally good, although some animals may remain 
chronic carriers with recrudescence during periods of stress 

unrelated disease. The prognosis for the septicemic patient is 
more guarded. 

Yersinia enierocoUiica Y enterocolitica is a commensal 
organism of the GI tract of some dogs and cats that may be a 
rare cause of acute colitis. 140 It is a motile, gram-negative fac¬ 
ultative anaerobic coccohacillus bacterium that may be trans¬ 
mitted to animals via ingestion of raw pork 149 
contaminated water. If suspected, animals should be treated 
with cephalosporins or trimethoprim-sulfa. The prognosis L 
unknown because of the paucity of case reports. 


or 


exists, 

very effective classification 


or 


is 


Salmonella 


Cause Salmonella spp, are predominantly motile, gram- 
negative facultative anaerobic rod-shaped bacteria found in 
the feces of normal and diarrheic animals. 11 ^ 117 As with 


INFLAMMATION 


many 

other commensal organisms of the GI tract, the high preva¬ 
lence of these organisms complicates diagnosis. From 1% to 
30% of the fecal samples or rectal swabs taken from healthy 
domestic pet dogs, 16,7% of dogs boarded in kennels, and 
2] , 5% of hospitalized dogs were found to be positive on bac- 
teriologic culture for Salmonella. From 1% to 18% of healthy 
cats and 10,6% of random source research colony cats are also 
culture-positive for Salmonella (summarized in reference 122), 
Despite these findings, several species of Salmonella have been 
impugned in the pathogenesis of acute enterocolitis in dogs 
and cats, S. typhimurium is the species most commonly 
lated from diarrheic feces of dogs and cats, although other 
species have been identified. 145-147 


Inflammatory Bowel Disease 

Cause IBD may be defined using clinical, histologic, 
immunologic, pathophysiologic, and genetic criteria. 

Clinical criteria IBD has been defined clinically as a spec¬ 
trum of GI disorders of an unknown cause that is associated 
with chronic inflammation of the stomach, intestine, or 
colon. 40 A clinical diagnosis of IBD is considered only if 
affected animals have; (1) persistent (> 3 weeks in duration) 
GI signs (anorexia, vomiting, weight loss, diarrhea, hema¬ 
tochezia, mucosy feces), (2) failure to respond to symp¬ 
tomatic therapies (parasiticides, antibiotics, GI protectants) 
alone, (3) failure to document other causes of gastroentero- 
colitis by thorough diagnostic evaluation, and (4) histologic 
diagnosis of benign intestinal inflammation, 50 Small bowel 
and large bowel forms of IBD have been reported in both dogs 

and cats, although large bowel IBD appears to be more preva¬ 
lent in the dog. 

Histologic criteria IBD has been defined histologically by 
the type of inflammatory infiltrate (neutrophilic, eosinophilic, 
lymphocytic, plasmacytic, granulomatous), associated 
mucosal pathology (villus atrophy, fusion, crypt collapse), dis¬ 
tribution of the lesion (focal or generalized, superficial 
deep), severity (mild, moderate, severe), mucosal thickness 
(mild, moderate, severe), and topography (gastric fundus, gas¬ 
tric antrum, duodenum, jejunum, ileum, cecum, ascending 
colon, descending colon). 11 Typical histologic changes 
ated with IBD are shown in Figure 223-7. As w r ith small 
intestinal IBD, subjective interpretation of large intestinal IBD 
lesions has made it difficult to compare tissue findings 
between pathologists. Subjectivity in histologic assessments 
has led to the development of several IBD grading systems.* 


iso- 


Pathophysiology Those most at risk for Salmonella 
infection are young and immunosneompetent animals, those 
with concurrent GI infections (e.g., parvoviral or parasitic 
infections), and those animals who have had prior therapeutic 
interventions (e.g., antibiotics or glucocorticoids). 122 Salmonella 
is an enteroinvasive organism that induces an acute inflamma¬ 
tory response resulting in enterocolitis, mucosal sloughing, 
and secretory diarrhea. Most Salmonella infections 

resolved via the local immune response, but bacterial translo¬ 
cation and septicemia may evolve into SIRS and multiple 
organ dysfunction syndromes (MODS) in some patients. Early 
recognition is important in preventing this sequela. 


are 


or 


Clinical examination The main clinical signs of 
Salmonella enterocolitis are anorexia, lethargy, fever, vomiting, 
diarrhea with mucous and blood pigments, dehydration, 
abdominal pain, and tenesmus. With bacterial translocation 
and septicemia, affected animals may have evidence of pale 

membranes, weakness, tachycardia, tachypnea, and 


associ- 


mucous 
vascular collapse. 


Culture, serotyping, and PCR are the best 


Diagnosis 

methods oi diagnosing Salmonella infections. 145 


* References 3, ll r 13, 36,37,38, 150, 151. 
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IBD may be defined by genetic criteria in 


Genetic criteria 

several animal species. Crohn's disease and ulcerative colitis 
are more common in certain human genotypes, and a muta¬ 
tion in the NOD 2 gene (nucleotide-binding oligomerization 
domainZ) has been found in a subgroup of patients with 
Crohn's disease. 155 Genetic influences have not yet been iden¬ 
tified in canine or feline IBD, but certain breeds (eg., German 
shepherds, boxers) appear to be at increased risk for the dis- 


Pathophysiology The pathophysiology of large intestinal 
IBD is explained by at least two interdependent mechanisms: 
(1 )j the mucosal immune response and (2) accompanying 
changes in motility. 

I 

Immune responses A generic inflammatory response 
involving cellular elements (B and T lymphocytes, plasma 
cells, macrophages, and dendritic cells), secretomotor neurons 
(eg*, vasoactive intestinal polypeptide, substance P, choliner¬ 
gic neurons), cytokines and interleukins, and inflammatory 
mediators (eg,, leukotrienes, prostanoids, reactive oxygen 

metabolites, nitric oxide [NO], 5-HT, IFN-y, TNF-a, platelet¬ 
activating factor) is typical of canine and feline IBD- 156157 
Many similarities exist between the inflammatory response of 
the small and large intestine, but recent immunologic studies 
suggest that IBD of the canine small intestine is a mixed Th 1 
and Th2 response,** 0 - 158 ' 159 whereas IBD of the canine colon 
may be more of a Thl type response with elaboration of IL-2, 

IL-12, INF-y, and TNF-a 160 (Figure 223-8). Other studies of 

canine colonic IBD have demonstrated increased numbers of 
mucosal IgA- and IgG-containing cells, 36161-163 nitrate, 162 
CD3+ T cells, NO, 164 and inducible nitric oxide synthase 
(iNOS) 164 in the inflamed colonic 
Increases in the CD3 + positive T cell population of the inflamed 
colon are consistent with changes reported in the inflamed 
canine intestine. Thus important similarities exist, as do dif¬ 
ferences between small (Chapter 222) and large bowel IBD. 

Motility changes Experimental studies of canine large 
intestinal IBD have shown that many of the clinical signs (diar¬ 
rhea, passage of mucus and blood, abdominal pain, tenesmus, 
and urgency of defecation) are related to motor abnormalities 


Figure 223—7 Histologic appearance of inflammatory bowel dis¬ 
ease (IBD) of the canine colon. Crypts are separated from adjacent 
crypts by edema, fibrosis, and inflammatory cells. Increased numbers 

of lymphocytes are present in the lamina propria, and reduced 
goblet cells are present in the epithelium. (Photomicrograph 
courtesy of Dr. Mattie Hendrick, University of Pennsylvania.) 


Immunologic criteria IBD has been defined immunologi- 
cally by the innate and adaptive response of the mucosa to G! 
antigens. Although the precise immunologic events of canine 
and feline IBD remain to be determined, a prevailing hypoth¬ 
esis for the development of IBD is the loss of immunologic 
tolerance to the normal bacterial flora or food antigens, lead¬ 
ing to abnormal T cell immune reactivity in the gut microen¬ 
vironment J 52 Genetically engineered animal models (eg., 
IL-2, IL-10, T cell receptor knockouts) that develop IBD 
involve alterations in T cell development, function, or both, 
suggesting that T cell populations are responsible for the 
homeostatic regulation of mucosal immune responses. 1 
Immunohistochemieal studies of canine IBD have demon¬ 
strated an increase in the T cell population of the lamina pro¬ 
pria, including CD3+ cells and CD4+ cells, macrophages, 
neutrophils, and IgA-containiug plasma cells. Many of the 

immunologic features of canine IBD can be explained as an 
indirect consequence of mucosal T cell activation. Enterocytes 
are also likely involved in the immunopathogenesis of IBD, 

Enterocytes are capable of behaving as anti gen-presenting 
cells, and interleukins (eg,, IL-7, 1L-15) produced by entero¬ 
cytes during acute inflammation activate mucosal lymphocytes. 
Up-regulation of Toll-like receptor 4 (TLR4) and Toll-like 
receptor 2 (TLR2) expression contribute to the innate 
immune response of the colon. 154 Thus the pathogenesis and 
pathophysiology of IBD appears to involve the activation of a 
subset of CD4+ T cells within the intestinal epithelium that 
overproduce inflammatory cytokines with concomitant loss of 
a subset of CD4+ T cells and their associated cytokines, which 
normally regulate the inflammatory response and protect the 
gut from injury. Enterocytes, behaving as anti gen-presen ting 
cells, contribute to the pathogenesis of this disease. 155 

Pathophysiologic criteria IBD may be defined patho- 
physiologiealty in terms of changes in transport, blood flow, 
and motility. The clinical signs of IBD, whether small or large 
bowel, have long been attributed to the pathophysiology of 
malabsorption and hypersecretion, but experimental models of 
canine IBD have instead related clinical signs to the emer¬ 
gence of abnormality motility patterns. 


(Table 223-5). 
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Figure 223-8 Immunopathology of canine large bowel inflam¬ 
matory bowel disease (IBD) and canine ulcerative colitis. IBD of 
the canine colon may be more of a Thl-type response, whereas 
ulcerative colitis is more a Th 2-type response. MHC, Major his¬ 
tocompatibility complex; APC, antigen-presenting cell; lL r inter¬ 
leukin; IFN, interferon; TNF t tumor necrosis factor 
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Table 


Immunologic and Motility Abnormalities in Canine Large Bowel Inflammatory Bowel Disease 


HISTOLOGIC FINDINGS 


IMMUNOLOGIC ABNORMALITIES 

Increased nitric oxide and IgC in colonic lavage fluid 
Increased expression of inducible nitric oxide synthase mRNA 
Increases in T cells and B cells m lamina propria 
Increases in CD3+ T cells and in lgA+ and lgC+ plasma cells 
increased IL-2 and TNF-ct mRNA expression 

MOTILITY ABNORMALITIES 

Loss of spontaneous phasic contractions 
Decreased frequency of migrating motor complexes (MMCs) 

Increased frequency of giant migrating contractions (GMCs) 

Decreased amplitude and duration of the slow wave plateau potential 
Shift from the M 3 to M 2 muscarinic receptor subtype 

Reduced calcium influx through L-type calcium channel 
Reduced L-type calcium channel expression 
Decreased open probability of channels 

Down-regulation of PKC a, P, £, expressfon and activation 
Reduced phospholipase A 2 expression 

Increased NF-kB expression and activation 
Sensitization to substonce P during colonic inflammation 
Reduced density of interstitial cells 
Cytoplasmic vacuolation and damage to cellular processes 

/gG, Immunoglobulin G; IgA, immunoglobulin A; IL 2 t interleukln-2; TTVF-o:, tumor necrosis factor alpha; PKQ protein kinase C; M, mus¬ 
carinic; NF kB, nuclear factor-xB; calcium-activated potassium channel. 
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of the colon. Ethanol and acetic acid perfusion of the canine 
colon induces a large bowel form of IBD syndrome indistin¬ 
guishable from the natural condition. 165r66 Inflammation in 
this model suppresses the normal phasic contractions of the 
colon, including the migrating motility complex, and triggers 
the emergence of GMCs. The appearance of these GMCs in 
association with inflammation is a major factor in producing 
diarrhea, abdominal cramping, and urgency of defecation. 
GMCs are powerful lumen-occluding contractions that 
rapidly propel pancreatic, biliary, and intestinal secretions in 
the fasting state (and undigested food in the fed state) to the 
colon to increase its osmotic load. 43 - 45 46 Malabsorption results 
from direct injury to the epithelial cells and from ultrarapid 
propulsion of intestinal contents by GMCs so that sufficient 

mucosal contact time is not allowed for digestion and absorp¬ 
tion to take place. 

Inflammation impairs the regulation of the colonic motil¬ 
ity patterns at several levels (i.e,, enteric neurons, interstitial 
cells of Cajal, circular smooth muscle cells; summarized in 
Table 223-5), Inflammation-induced changes in the amplitude 
and duration of the smooth muscle slow wave plateau poten¬ 
tials contribute to the suppression of RPCs. 165 These alterations 
likely have their origin in structural and functional damage to 
the interstitial cells of Cajal. 167 At the same time that inflam¬ 
mation suppresses the RPCs, inflammation sensitizes the 
colon to the stimulation of GMCs by the neurotransmitter 
substance P. 168 These findings suggest that SP increases the 
frequency of GMCs during inflammation and that selective 
inhibition of GMCs during inflammation may minimize the 
symptoms of diarrhea, abdominal discomfort, and urgency of 
defecation associated with these contractions. 169 

Inflammation suppresses the generation of tone and phasic 
contractions in the circular smooth muscle cells through 
multiple molecular mechanisms (see Table 223- 5; Figure 223-9), 
Inflammation shifts muscarinic receptor expression in circular 


smooth muscles from the M 3 to the M z subtyped 69 This shift 
has the effect of reducing the overall contractility of the smooth 
muscle cell. Inflammation also impairs calcium influx 170 and 
down-regulates the expression of the L-type calcium chan¬ 
nel, 171 which may be important in suppressing phasic contrac¬ 
tions and tone vchile concurrently stimulating GMCs in the 
inflamed colon. Changes in the open-state probability of the 
large conductance calcium-activated potassium channels (Kc,) 
partiaOy attenuate this effect, 172 Inflammation also modifies 
the signal transduction pathways of circular smooth muscle 
cells. Phospholipase A 2 and protein kinase C (PKC) expres¬ 
sion and activation are significantly altered by colonic inflam¬ 
mation, 173 - 174 and this may partially account for the 
suppression of tone and phasic contractions. PKC a, p, and £ 
isoenzyme expression is down-regulated, PKC i and X isoen¬ 
zyme expression is up-regulated, and the cytosol-to-membrane 
translocation of PKC is impaired, 174 The L-type calcium chan¬ 
nel, already reduced in its expression, is one of the molecular 
targets of PKC. Inflammation also activates the transcription 
factor NF-kB that further suppresses cell contractility, 175 

Clinical Examination The clinical signs of large intestinal 
IBD are those of a large bowel-type diarrhea (i.e., marked 
increased frequency, reduced fecal volume per defecation, 
blood pigments and mucous in feces, and tenesmus). Anorexia, 
weight loss, and vomiting are occasionally reported in animals 
w ith severe IBD of the colon or concurrent JBD of the stom¬ 
ach, small intestine, or both. Clinical signs usually wax and 
wane in their severity, A transient response to symptomatic 
therapy may occur during the initial stages of IBD. As the 
condition progresses, diarrhea gradually increases in its fre¬ 
quency and intensity and may become continuous. In 
cases the first bowel movement of the day may be norma! 
nearly normal, whereas successive bowel 
reduced in volume and progressively more urgent and painful. 
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A scoring index for disease activity in canine IBD was 
recently developed that relates severity of clinical signs to 
serum acute-phase protein [C-reactive protein [GRP] r serum 
amyloid A) concentrations. 50 The canine IBD activity index 
(C1BDAI) assigns levels of severity to each of several gastroen- 
terologic signs (e,g., anorexia, vomiting, weight loss, diarrhea], 
and it appears to be a reliable index of mucosal inflammation 
in canine IBD. Interestingly, both the activity index and serum 
concentrations of CRP improve with successful treatment, 
suggesting that serum CRP is suitable for the laboratory eval¬ 
uation of therapy in canine IBD* 50 Other acute-phase proteins 
were less specific than CRP One important caveat that should 
be emphasized is that altered CRP is not prima facie evidence 
of G3 inflammation* Concurrent infections or other inflam¬ 
matory conditions could cause an acute-phase response, 
including CRP, in affected patients. 

Treatment 

Dietary therapy The precise immunologic mechanisms 
of canine and feline IBD have not yet been determined, but a 
prevailing hypothesis for the development of IBD is the loss 
of immunologic tolerance to the normal bacterial flora or food 
antigens. Accordingly, dietary modification may prove useful 
in the management of canine and feline IBD. 176 - 177 Several 
nutritional strategies have been proposed including novel pro¬ 
teins, hydrolyzed diets, antioxidant diets, medium chain 
triglyceride supplementation, low-fat diets, modifications in 
the omega-6 (<n-6) and omega-3 (o>-3) fatty acid ratio, and 
fiber supplementation. Of these strategies, some evidence- 
based medicine has emerged for the use of novel protein, 
hydrolyzed, and fiber-supplemented diets. 

Food sensitivity reactions were suspected or documented 
in 49% of cats presented because of gastroenterologic problems 
(with or without concurrent dermatologic problems) in a 
prospective study of adverse food reactions in cats. 170 Beef, 
wheat, and com gluten were the primary ingredients responsible 
for food sensitivity reactions in that study, and most of the cats 
responded to the feeding of a chicken- or venison-based selected 
protein diet for a minimum of 4 weeks. The authors concluded 
that adverse reactions to dietary staples are common in cats with 
chronic GI problems and that they can be successfully man¬ 
aged by feeding selected protein diets. Further support for this 
concept comes from studies in which gastroenterologic 17 ^ 101 
or dermatologic 182 clinical signs were significantly improved 
by the feeding of novel proteins. 

Evidence is accruing that hydrolyzed diets may be useful in 
the nutritional management of canine IBD. The conceptual 
basis of the hydrolyzed diet is that oligopeptides are of insuf¬ 
ficient size and structure to induce antigen recognition or pre¬ 
sentation. 104 In one preliminary study, dogs with IBD showed 
significant improvement after the feeding of a hydrolyzed diet, 
although they had failed to respond to the feeding of a novel 
protein. 103 Clinical improvement could not be solely 
attributed to the hydrolyzed nature of the protein source 
because the test diet had other modified features (i.e,, high 
digestibility, cornstarch rather than intact grains, medium- 
chain triglycerides, an altered ratio of o>6 to o>-3 polyunsatu¬ 
rated fatty acids). Additional studies will be required to 
ascertain the efficacy of this nutritional strategy in the man¬ 
agement of IBD* 

Fiber-supplemented diets may be useful in the manage¬ 
ment of irritable bowel syndrome (IBS) in the dog. IBS is a 
poorly defined syndrome in the dog that may or may not bear 
resemblance to IBS in humans. Canine IBS has been defined 
as a chronic large bowel-type diarrhea without known cause 
and without evidence of colonic inflammation on colonoscopy 
or biopsy, 185 Dogs fulfilling these criteria were successfully 
managed with soluble fiber (psyllium hydrophilic muc 
supplementation ot a highly digestible diet 
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Figure 223-9 Motility abnormalities in canine large bowel 
inflammatory bowel disease (IBD). Inflammation impairs motility 
by inducing changes in receptor, signal transduction, and ion chan¬ 
nel activity in smooth muscle cells and enteric neurons. Changes 
include but not are limited to a shift in muscarinic receptor 
expression from M 3 to M 3 receptor subtype; impaired calcium 
mobilization; down-regulation of L-type calcium channel expres¬ 
sion; changes in the open-state probability of the large conductance 
calcium-activated potassium channels (K^J, down-regulation of 
phospholipase and protein kinase C (PKC) a, and e isoen¬ 
zymes; and activation of the transcription factor NF-kB in smooth 
muscle cells. Inflammation also sensitizes the colon to the stimu¬ 
lation of CMCs by the neurotransmitter substance P. PKC, Protein 
kinase C; PLA 2 , phospholipase A 2 ; M, muscarinic; NF- kB, nuclear 
factor- kB; K Cat calcium-activated potassium channel; SP, substance 
P; Ack t acetylcholine. 


During severe episodes, mild fever, depression, and anorexia 
may occur. 

TTiere does not appear to be any sex predilection, but age 
may be a risk factor, with IBD appearing more frequently in 
middle-aged animals (mean age approximately 6 years with a 
range of 6 months to 20 years), 50 51 German shepherd and 
boxer dogs are at increased risk for IBD, and pure-breed cats 
appear to be at greater risk. Cats more often have an upper Gl 
form of IBD, whereas dogs are at risk for both small and large 

bowel IBD. 

Physical examination is unremarkable in most cases. 
Thickened bowel loops may be detected during abdominal 
palpation if the small bowel is concurrently involved. Digital 
examination of the anorectum may evoke pain or reveal irreg¬ 
ular mucosa, and blood pigments and mucous may be evident 

on the examination glove. 

Diagnosis CBCs, serum chemistries, and urinalyses are 
often normal in mild cases of large bowel IBD, Chronic cases 
may have one or more subtle abnormalities. One review of 
canine and feline IBD reported several hematologic abnor¬ 
malities including mild anemia, leukocytosis, neutrophilia with 
and without a left shift, eosinophilia, eosinopenia, lymphocy¬ 
topenia, monocytosis, and basophilia. 51 The same study reported 

several biochemical abnormalities including increased activi¬ 
ties of serum alanine aminotransferase and alkaline phosphatase, 
hypoalbuminemia, hypoproteinemia, hyperamylasemia, 
hyperglobulinemia, hypokalemia, hypocholesterolemia, and 
hyperglycemia. No consistent abnormality' in the CBC or 
serum chemistry has been identified 
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Exercise Experimental IBD in the dog is accompanied 
by significant abnormalities in the normal colonic motility 
patterns. Physical exercise has been shown to disrupt the 
colonic MMCs and to increase the total duration of contrac¬ 
tions that are organized as nonmigrating motor complexes 
during the fed state. 186 Exercise also induces GMCs r defeca¬ 
tion, and mass movement in both the fasted and fed states. 
The increased motor activity of the colon and extra GMCs 
that result from physical exercise may aid in normal colonic 
m otor function. 186 


Glucocorticoids Anti-inflammatory doses of prednisone 
or prednisolone (1 to 2 mg/kg orally, once a day) may be used 
to treat IBD in dogs that have failed to respond to dietary 
management, sulfasalazine, or metronidazole, and as adjunc¬ 
tive therapy to dietary modification in feline IBD. Prednisone 
or prednisolone are used most frequently, because both have 
short durations of action, are cost-effective, and 
available. Equipotent doses of dexamethasone are equally 
effective but may have more deleterious effects on brush 
border enzyme activity. Prednisone should be used for 2 to 
4 weeks depending upon the severity of the clinical signs. 
Higher doses of prednisone (e.g., 2 to 4 mg/kg orally, once a 
day) may be needed to control severe forms of eosinophilic 
colitis or hypereosinophilic syndrome in cats. 

Combination therapy with sulfasalazine, metronidazole, or 
azathioprine may reduce the overall dose of prednisone 
needed to achieve remission of clinical signs. As with sul¬ 
fasalazine, the dose of glucocorticoid may be reduced by 25% 
at 1- to 2-week intervals while fit is hoped) maintaining 
remission with dietary modification. 

Because of steroid side effects and suppression of the 
hypothalamic-pituitary-adrenal axis, several alternative gluco¬ 
corticoids have been developed that have excellent topical 
(i.e., mucosal) anti-inflammatory activity but are significantly 
metabolized during first pass hepatic metabolism. Budesonide 
has been used for many years as an inhaled medication for 
asthma, and an enteric-coated form of the drug is now avail¬ 
able for treatment of IBD in humans (and animals). Little 
clinical evidence supports of the use of this medication in 
canine or feline IBD, but doses of 1 mg/cat or 1 mg/dog per 
day have been used with some success in anecdotal cases, 

Azathioprine Azathioprine is a purine analog that, after 
DNA incorporation, inhibits lymphocyte activation and pro¬ 
liferation. It is rarely effective as 
instead be used 
Azathioprine may have a significant steroid-sparing effect 
in IBD, Doses of 2 mg/kg orally, every 24 hours in dogs and 
0.3 mg/kg orally every 48 hours in cats have been used 
with some success in IBD, It may take several weeks 
months of therapy for azathioprine to become maximally 
effective. Cats particularly should be monitored for side 
effects, including myelosuppression, hepatic disease, and acute 
pancreatic necrosis. 

Cyclosporine Cyclosporine has been used in the renal 
transplantation patient for its inhibitory effect on T cel] func¬ 
tion. In more recent times, cyclosporine has been used in a 
number of immune-mediated disorders, including keratocon¬ 
junctivitis sicca, perianal fistula (anal furunculosis), and 
IMHA. Evidence-based medicine studies will be needed to 
establish efficacy, but anecdotal experience would suggest that 
cyclosporine (3 to 7 mg/kg orally, twice a day) may be useful 
in some of the more difficult or refractory cases of IBD. 

Chlorambucil Chlorambucil (2 mg/m 2 orally, every other 
day) has been used in place of azathioprine in some 
difficult or refractory cases of feline IBD. 

Motility-modifying drugs The mixed |i, 6-opioid agonist, 
loperamide, stimulates colonic fluid and electrolyte absorp¬ 
tion while inhibiting-colonic propulsive motility. 194 * 197 
Loperamide (0.08 mg/kg orally, three times a day to four 
times a day) may be beneficial in the treatment of difficult or 
refractory cases of large bowel-type IBD, 

Probiotic therapy Probiotics (see Table 223-6) are living 

organisms with low or no pathogenicity that exert beneficial 
eflecis (e.g,, stimulation ot innate and acquired immunity) on 


widely 


are 


Pharmacologic therapy Animals with mild to moderate 
forms of large bowel IBD generally respond favorably to 
dietary modification alone, but pharmacologic therapy will be 
required with more severe forms of large bowel IBD, Medical 
therapy includes anti inflammatory (sulfasalazine and other 
5-aminosalicylates, metronidazole, prednisone, budesonide), 
immunosuppressive (azathioprine, cyclosporine, chlorambucil), 
and motility-modifying [loperamide) drugs (Table 223-6). 

Sulfasalazine Sulfasalazine is 
prostaglandin synthetase inhibitor that has proven efficacy in 
the therapy of large bowel IBD in the dog. Sulfasalazine is a 
compound molecule of 5-aminosalicylate (mes el amine) and 
sulfapyridine linked in an azochemical bond. After oral dosing, 
most of the sulfasalazine is transported to the distal GI tract 
where cecal and colonic bacteria metabolize the drug to its 
component parts. Sulfapyridine is largely absorbed by the 
colonic mucosa but much of the 5-aminosalicylate remains in 
the colonic lumen where it inhibits mucosal cyclooxygenase 
and the inflammatory cascade. Sulfasalazine has been 
mended for the treatment of canine large bowel IBD at doses 
of 10 to 25 mg/kg orally, three times a day for 4 to 6 weeks. 
With resolution of clinical signs, sulfasalazine doses are gradually 
decreased by 25% at 2-week intervals and eventually discontin¬ 
ued while maintaining dietary management. 1 ® 7 Salicylates are 
readily absorbed 188 and induce toxicity in cats; therefore this 
drug classification should be used with great caution in cats. If 
used in cats, some authors have recommended using half of 
the recommended dog dose i.e,, 5 to 12.5 mg/kg orally, three 
times a day). 187 Sulfasalazine use has been associated with the 
development of keratoconjunctivitis sicca in the dog, ]B9 < 190 
tear production should be assessed subjectively (by the pet 
owner) and objectively (by the veterinarian i during use. 

Other 5-aminosalicylates This drug classification 
developed to reduce the toxicity of the sulfapyridine portion 
of the parent molecule (sulfasalazine) and to enhance the effi¬ 
cacy of the 5-aminosalityIate portion. Meselamine (Dipentum, 
Asachol) and dimeselamine (olsalazine) are available for use 
in the treatment of canine large bowel IBD. Olsalazine has been 
used at a dose of 5 to 10 mg/kg orally, three times a day in the 

dog. Despite the formulation of sulfa-free 5-aminosalicylate 
preparations, instances of keratoconjunctivitis sicca have still 
been reported in the dog. 189 - 190 

Metronidazole Metronidazole (10 to 20 mg/kg orally, 

twice a day to three times a day) has been used in the treat¬ 
ment of mild to moderate cases of large bowel IBD in both 
dogs and cats. Metronidazole has been used either as a single 
agent or in conjunction with 5-aminosalicylates or glucocorti¬ 
coids. Metronidazole is believed to have several beneficial 
properties, including antibacterial, antiprotozoal, and 
immunomodulatory effects. 191 Side effects include anorexia, 
hypersalivation, and vomiting at recommended doses and 
neurotoxicity (ataxia, nystagmus, head title, and seizures) 
at higher doses. 192 Side effects usually resolve with discontin¬ 
uation of therapy, but diazepam may accelerate recovery of 
individual patients. 195 
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Table 


Drug Index—Large Bowel Diarrhea 


DRUG CLASSIFICATION 
AND EXAMPLES 


DOSE 


INDICATION 


Anthelmintic Drugs 

Albendazole 

Febantel 


25 mg/ g PO SID x 2 days 

10 mg/kg PO SID x 3 days—adult dogs 

15 mg/kg PO SID x 3 days—puppies 

50 mg/kg PO SID x 3 days 

200 pgAg SQ once 

22 mg/kg PO SID x 3 days 

25 mg/kg PO BID x 5 days 

0.5 mg/kg PO once per month 
44 mg/kg PO once 
5 mg/kg PO dog, 20 mg/kg cat 


Ciardia infection 
Trichuris infection 
Trich uris i nfection 

T rich urn, Ancylostoma, Ciardia infection 

Larvicidal for 71 canis 

Trichuris infection 

Ciardia infection 

Trichuris preventive 

Heterobilharzia 

Ancylostoma f Toxocara 


Fenbendazole 

Ivermectin 

Mebendazole 

Metronidazole 
Milbemycin oxime 

Praziquantel 

Pyrantel pamoate 


Antibiotics 

Ampicillin 

Cefadroxit 

Chloramphenicol 


Salmonella, E. coli, Clostridium perfringens 
So Im onella, £. coli 

Campylobacter 
Campylobacter 
Salmonella * £ coli 

Campylobacter, C perfringens 

C. perfring ens 
Salmonella, E. coli 

Salmonella 
IBD, G perfringens 


22 mg/kg PO IV TID 
22 mg/kg PO BID 
44 mg/kg PO TID—dogs 

11 mg/kg PO BID—cats 

5 mg/kg PO IM SQ BID 
15-20 mg/kg PO TID 

10-20 mg/kg PO BID-TID 

2.5-7.5 mg/kg PO SID 
30 mg/kg PO IM SQ BID 
40-80 mg/kg PO SID 


Enrofloxacin 

Erythromycin 

Metronidazole 

Orbifloxacm 

Trimethoprim sulfonamide 

Ty losi rv 


Antifungal Drugs 

Amphotericin B 


2-3 mg/kg IV QOD administered to a 
cumulative dose of 24-27 mg/kg 
5 mg/kg PO BID for several months 
10-15 mg/kg PO BID several months 


Histoplasmosis, pythiosis* protothecosis 


Itraconazole 

Keto can azole 


Histoplasmosis, pythiosis, protothecosis 

Histoplasmosis* pythiosis* protothecosis 


Anti-Inflammatory Drugs 

Budesonide 

Meselamine 

Metronidazole 

Olsalazine 

Prednisolone 
Pre dn i son e 
Sulfasalazine 


1 mg/cat or 1 mg/dog PO SID 
10 mg/kg PO TID 

10-20 mg/kg PO BID-TID for 4-6 weeks 
5-10 mg/kg PO TID for 4-6 weeks 
4.06,0 mg/kg PO SID for 4-6 weeks 
T0-2.Q mg/kg PO SID for 4-6 weeks 
10-25 mg/kg PO TID for 4-6 weeks—dogs 
5-12.5 mg/kg PO TID for 2-4 weeks 


IBD 


IBD 


IBD 


IBD 




Feline eosinophilic colitis 




IBD 


IBD, ulcerative colitis 
Refractory IBD 


ats 




Immunosuppressive Drugs 

Azathtoprine 

Chlorambucil 

Cyclosporine 


2 mg/kg PO SID for 4-6 weeks—dogs 
2 mg/m 3 PO every other day for 4-6 weeks 
3-7 mgAg PO BID for 4-6 weeks 


IBD 




IBD 


o 


IBD 




Motility-Modifying Drugs 

Loperamide 

Propantheline 

Aminopentarmde 


0.08 mgAg PO TiD-QID 
0.25 mg/kg PO BID-TID 

0.01*0.03 mg/kg PO BID-TID 


IBD, IBS 


IBS 


IBS 


Probiotics 

Enterococcus faecium (SF68) 
Lactobacillus rhamnosus CG 


5 x 10 8 colony-forming units/d ay 
1 x 10 9 to 5 x IQ 11 colony-forming units/day 


IBD 


IBD 


PO, per os; SID, once per day; IV, intravenous; TID, three times per day; BID, twice per day; QOD, every other day. 


Lactobacillus rhamnosus GG, a bacterium used in the 

production of yogurt, is effective in preventing and treating 
diarrhea, recurrent Clostridia difficile infection, primary' 
rotavirus infection, and atopic dermatitis in humans. ]qF 


the health of the host. The gram-positive commensal lactic acid 
bacteria (e g., Lactobacilli) have many beneficial health effects, 
including enhanced lymphocyte proliferation, innate and 

acquired immunity', and antiinflammatory tvtokine production 
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Lactobacillus rkamnosus GG and Lactobacillus acidophilus 
(strain DSMI3241 ) have been safely colonized in the canine 
GI tract, although probiotic effects in the canine intestine 
have not been firmly established. 199l - 19gb The probiotic organism, 
Enterococcus faedum (SF68), has been safely colonized in the 
canine Gl tract, and it has been shown to increase fecal IgA 
content and circulating mature B (CD21+/MHC class 11+) 
cells in young puppies. It has been suggested that this 
probiotic may be useful in the prevention or treatment of 
canine GI disease. 200 This organism may, however, enhance 
Campylobacter jejuni adhesion and colonization of the dog 
intestine, perhaps conferring carrier status on colonized dogs. 201 

Two recent studies have shown that many commercial vet¬ 
erinary probiotic preparations are not accurately represented 
by label claims. Quality control appears to be deficient for 
many of these formulations. 202 ' 203 Until these products are 
more tightly regulated, veterinarians should probably view 
product claims with some skepticism. 

Behavioral modification JBD and IBS very likely have 
underlying behavioral components. Abnormal personality 
traits and potential environmental stress factors were identi¬ 
fied in 38% of dogs in one study. 105 Multiple factors were pre¬ 
sent in affected households, including travel, relocation, house 
construction, separation anxiety, submissive urination, noise 
sensitivity, and aggress son. 105 The role of behavior in the 
pathogenesis and therapy of canine and feline GI disorders 
remains largely unexplored. 

Prognosis Most reports indicate that the short-term prog¬ 
nosis for control of IBD is good to excellent. After completion 
of drug therapy, many animals are able to maintain remission 
of signs with dietary management alone. Treatment failures 
are uncommon and are usually due to (1) incorrect diagnosis 
(it is especially important to rule out alimentary lymphosar¬ 
coma), (2) presence of severe disease such as histiocytic ulcer¬ 
ative colitis and PLE or irreversible mucosa lesions such as 
fibrosis, (3) poor client compliance with appropriate drug and 
dietary recommendations, (4) use of inappropriate drugs or 
nutritional therapy, and (5) presence of concurrent disease 
such as small intestinal bacterial overgrowth or hepatobiliary 
disease.The prognosis for cure of IBD is poor, and relapses 
should be anticipated. 

Histiocytic Ulcerative Colitis 

Cause Histiocytic ulcerative colitis is a rare disorder of the 
dog that has been reported sporadically since 1965. 

Most cases have been reported in the boxer breed, although 
recent reports have included the French bulldog, mastiff 
Alaskan Malamute, and Doberman pinscher breeds. The dis¬ 
ease typically affects the young boxer, with the majority 
(78%) developing clinical signs before 2 years of age. Males 
and females appear to be equally affected. The pathogenesis 
of this disorder is incompletely understood, but a bacterial 
pathogenesis has recently been proposed. 2094 As with 
Whipple's disease in humans and Johne's disease in cattle, the 
presence of periodic acid-Schiff (PAS)-positive macrophages 
and intralesional bacteria have suggested a number of infec¬ 
tious agents such as mycobacteria, rickettsiae, thlamydiae, and 
mycoplasmae, 200 Vascular abnormalities of the colonic mucosa 
and intrinsic abnormalities of the PAS* histiocytes have also 
been implicated in the pathogenesis of this syndrome. 

Pathophysiology Histiocytic ulcerative colitis lesions are 
characterized by increased numbers of IgG+, lgG3+, and 
IgG4+ plasma cells, CD3+ T cells, MHC class 11+ cells, L1+ 

cells, and PAS+ cells in the lamina propria, and decreased 
goblet cell numbers in the epithelium (see Figure 223“8). 20fi 
Canine histiocytic ulcerative colitis appears to be more typical 


of a Th2-type response (similar to human ulcerative colitis), 
whereas canine large intestinal IBD appears to be more of a 
Th 1 -type response. 

Clinical Examination Affected animals have classic signs 
of large bowel disease (e.g,, mucoid bloody diarrhea, frequent 
episodes of urgency and straining to defecate). As the disease 
progresses, continuing intestinal blood and protein loss causes 
some animals to lose significant amounts of body weight. The 
most remarkable findings on physical examination are pain 
during digital palpation of the anorectum and thickened rectal 
mucosa along with blood pigments. Moderate to severe 
cachexia may be a clinical feature of more chronically affected 
animals. 


160 


Colonoscopy and biopsy are the diagnostic 


Diagnosis 

methods of choice. 206 Endoscopic findings are variable and 
include diffusely hyperemic and irregular colonic mucosa with 
multifocal, petechial hemorrhages; nodular and corrugated 
mucosa; edema and fibrosis; and, multifocal, scattered ulcers 
throughout the mucosa, 206 - 207 Histopathologically, a marked 
expansion of the lamina propria occurs with a diffuse infiltra¬ 
tion of PAS-positive histiocytes. Histiocytic infiltration is often 
accompanied by multifocal, superficial mucosal ulcers with 
neutrophil, lymphocyte, and plasma cell infiltration. 


Treatment. Sulfasalazine has been the drug of choice for 
this disorder, and affected animals showed some initial clinical 
improvement only to experience relapses during the course of 
the disease. The disease was thought to be progressive and 
requiring lifelong therapy More recently, therapeutic cures 
have been reported with enrofloxacin therapy, again implying 
an underlying bacterial pathogenesis. 209 * 

Proptosis If histiocytic ulcerative colitis is at an advanced 
stage at the time of diagnosis, treatment often does not 
improve clinical signs and a poor prognosis is warranted. 

Typhlitis 

Cause Primary inflammation or infection of the cecum is a 
rare clinical problem in the dog and cat. Typhlitis more often 
develops secondarily as part of a typhlocolitis or ileotyphlo- 
colitis syndrome. 210 Eosinophilic typhlitis, for example, has 
been reported in association with eosinophilic coloproctitis 
and ileitis in one dog, 210 and neutrophilic typhlocolitis was 
observed in a group of gnotobiotic dogs experimentally 
infected with Campylobacter spp . 124 Typhlitis usually responds 
to the same medical therapies that are used to treat ileocoli¬ 
tis. in rare cases, surgical resection may be required due to 
obstruction and abscessation. 211 


204-209 


Pathophysiology The cecum responds p a th op hy si o logi¬ 
cally in much the same way that the colon responds to inflam¬ 
mation, except that size and orientation predispose the cecum 
to obstruction, abscessation, and rupture. 

Clinical Examination Dogs affected with typhlocolitis 
may have mild discomfort on abdominal palpation, or there 
may be severe abdominal pain with cecal obstruction and 
abscessation. 

Diagnosis Abdominal ultrasonography may be useful in 
documenting thickening of the cecal mucosa in some cases of 

typhlocolitis, but definitive diagnosis usually requires direct 
endoscopic examination. Ultrasonography is more useful in 
the diagnosis of obstructive lesions of the cecum (e.g., absces¬ 
sation, neoplasia). Survey radiography is not that useful unless 
sequelae to infection are noted (e.g., abscessation, inversion, 
rupture). 
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colonic tumors. Other non-neoplastic processes such as intus¬ 
susception, FIP granuloma, fibrosing stricture, linear and non¬ 
linear foreign bodies, hematoma, and phycomycosis lesions 
also cause intraluminal obstruction. Prolonged obstruction 
induces smooth muscle hypertrophy proximal to the site of 
the obstruction, 232 Other pathophysiologic consequences of 
intestinal obstruction are pronounced fluid secretion and mal¬ 
absorption of water and solutes; fluid, electrolyte, and acid- 
base disturbances; proliferation and translocation of luminal 
bacteria; and inflammation, devitalization, and perhaps even 
perforation of the colon. Secretory diarrheas have been 
reported with carcinoids of the rectum, colon, and intestine. 

Clinical Examination Most affected dogs have signs of 
hematochezia, mucoid feces, tenesmus, and dyschezia of varying 
severity. Importantly, the clinical signs observed with colorectal 
neoplasia are often indistinguishable from other causes of 
obstruction or chronic colitis. Hematochezia is infrequently 
reported with leiomyosarcomas or leiomyomas, presumably 
because these tumors do not typically involve the mucosa. 
Other clinical signs depend on the tumor type and location. 
Vomiting, malabsorption, and cachexia may be observed, for 
example, when multifocal or diffuse tumors (e.g., lymphosar¬ 
coma) involve the proximal portions of the G1 tract. GI stro¬ 
mal tumors, particularly the leiomyomas, have been associated 
with hypoglycemia and the resulting clinical signs of muscular 
weakness and seizure activity. 233 Functional plasmacytomas 
secrete a single class of immunoglobulin and affected animals 
may go on to develop hyperviscosity syndrome (e.g., retinal 
bleeding, cpistaxis). If colonic perforation has occurred, animals 
may be presented moribund with fever, lethargy, anorexia, 
vomiting, abdominal pain, and collapse. 

Vomiting (65%), diarrhea (52%), and weight loss (46%) 
are common clinical signs in cats with colonic neoplasia. 
Most cats with colonic (and alimentary) lymphosarcoma are 
FeLV-negative. These lymphomas are thought to be caused by 
FeLV, with integrated virus causing neoplastic transformation 
in the absence of viral replication* Although most lymphomas 
in cats appear to be comprised of malignant T lymphocytes, 
most colonic (and alimentary) lymphomas are of B cell origin. 
Alimentary and colonic lymphomas originate primarily from 
submucosal lymphocytes, mucosal lymphoid follicles, or both, 
although one recent study reported an epitheliotropic form of 
T cell intestinal lymphomas. 234 Epitheliotropic T cell lym¬ 
phomas have not yet been reported in the feline colon. 

Diagnosis Canine rectal adenocarcinomas are palpable in 
60% to 80% of clinical cases, but colonic and cecal lesions are 
not as readily apparent on physical examination. 214 ' 226 - 232 23 - 23 ^ 

More than 50% of cats with colonic masses have a palpable 
abdominal mass. 229 

Survey and contrast radiographic and ultrasonographic 
studies have been used with varying levels of success in the 
diagnosis of canine and feline colonic neoplasia. Annular stenotic 
lesions associated with adenocarcinoma of the colon may 
manifest as proximal colonic dilation on survey radiographs. 
Radiographic contrast material more precisely outlines the 
narrowing of the lumen at the site of the tumor. Although still 
of some clinical utility, contrast studies have been largely 
superceded by ultrasonography and other imaging modalities. 
Ultrasonography is presently considered to be the most effective 

of diagnosing colonic tumors in dogs and cats and appears 
to be useful in evaluating mural lesions and associated abdom¬ 
inal changes such as lymphadenopathy. 

ported to be useful 84% of the time in localizing feline 

colonic neoplasia in one study. 229 Ultrasonographic features 
of colonic tumors include transmural wall thickening with 
complete loss of the normal wall layering, fluid accumulation 

proximal to the lesion, and reduced regional motility 23fl 


Treatment Infectious typhlitis is best treated with antimi¬ 
crobial and other therapy as outlined for treatment of inflam¬ 
matory and infectious colitis. 

Prognosis The prognosis for typhlocolitis lesions is gener¬ 
ally favorable, particularly if they are diagnosed prior to the 
onset of smooth muscle hypertrophy and obstruction. 

Colitis Associated with Perianal Fistula 

Perianal fistula or anal furunculosis is a chronic and painful 
perianal disease of dogs, characterized by inflammation, ulcer¬ 
ation, and sinus tracts involving the tissues surrounding the 
anus. 212 ' 2 * 3 Clinical signs include tenesmus, hematochezia, and 
ulcerated malodorous perianal region, resulting in pain, 
anorexia, and weight loss. Inflammation and sinus tracts may 
involve the rectum and descending colon in some animals, and 
it may be difficult, if not impossible, to attribute clinical signs 
to the colitis or the perianal fistula. Because of the high inci¬ 
dence of colitis in dogs affected with perianal fistula, it has 
been suggested that colonic biopsies should be obtained in all 
animals affected with perianal fistula. 213 It has also been sug¬ 
gested that affected animals should be managed with a novel 
protein diet as part of the overall medical therapy, 2 ' 2 A more 
detailed discussion of perianal fistula may be found in 

Chapter 224. 


an 
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Neoplasia 

Otiose In dogs, tumors of the large intestine are more 

than tumors of the stomach and small intestine. The 
age of dogs affected with colonic neoplasia is variably 
ported between 7 and 11 years of age. 214 Most colonic 
tumors of dogs are malignant and include the adenocarcinomas, 
lymphosarcomas, and GI stromal tumors (leiomyosarcoma, 
neurofibrosarcoma, fibrosarcoma, and ganglioneuroma). 215 " 224 
Leiomyosarcomas are the most common (91%) of the GI stro¬ 
mal tumors. 217 220 Most colonic neoplasia develop in the 
descending colon and rectum, although leiomyosarcomas more 
frequently develop in the cecum. 217 ' 219 Local tumor invasion 
apparently occurs at a slower rate with canine colonic neoplasia, 
and metastasis to distant sites is relatively uncommon. Benign 
colonic neoplasia (e g., adenomas, adenomatous polyps, leiomy¬ 
omas) also occur, although they are less common than malig¬ 
nant tumors. Malignant transformation of adenomatous polyps 
to carcinoma in situ and invasive adenocarcinoma has been 
demonstrated in the dog just as it has in humans, 214 22S ' 2262261> 
Extramedullary plasmacytomas are an uncommon tumor of 
the GI tract but occur in the large intestine and rectum. 227 229 
All of the aforementioned tumors are associated with signs of 
inflammation and obstruction (i.e., hematochezia, tenesmus, 
dyschezia). Carcinoids (rare 5-hydroxytryptamine [5-HT]- 
secreting tumors) are occasionally associated with diarrhea 
because of the effects of 5-HT on secretion and motility. 

In cats, adenocarcinoma (46%) is the most common tumor 
of the large intestine, followed by lymphosarcoma (41%) and 
mast cell tumors (9%). 229 ' 233 The mean age of cats affected with 
colonic neoplasia is 12.5 years. The descending colon (39%) 
and the ileocolic sphincter (28%) are the most common sites 
of colonic neoplasia in the cat. Unlike colonic tumors in the 
dog, feline colonic tumors have a high rate (63%) of metastasis 
and, of course, metastasis is associated with decreased survival 
time. Metastatic sites include colonic lymph nodes, mesenteric 
lymph nodes, liver, spleen, bladder, urethra, omentum, meso¬ 
colon, lungs, duodenum, and peritoneum* 

Pathophysiology Mechanical obstruction is the most 

common pathophysiologic consequence 
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Trans abdominal fine needle aspiration, peritoneal fluid cytol¬ 
ogy, and endoscopic exfoliative cytology may be use fill in the 
diagnosis of lymphoma, but histopathology is generally 
required for a definitive diagnosis of other colonic neoplasia. 
CT and magnetic resonance imaging (MRI) scanning have not 
been sufficiently evaluated at this time for reasonable com¬ 
parisons to be made with ultrasonography. 

Flexible colonoscopy with mucosal biopsy is the preferred 
method of diagnosis for colonic neoplasia. Endoscopic abnor¬ 
malities may include mass effect, mucosal bleeding, increased 
mucosal friability, erosions and ulcers, and circumferential 
luminal narrowing with submucosal infiltrative lesions. 
Multiple biopsy specimens should always be taken from dis¬ 
eased tissue, adjacent healthy tissue, and the transition zone 
between healthy and diseased tissue. With tumor necrosis, the 
pathologist will have a much better chance of diagnosing and 
staging the disease by evaluating non-necrotic tissue. 

Treatment The treatment of colonic neoplasia will depend 
upon tumor type, anatomic location, and presence and extent 
of metastases. Complete surgical excision is the recommended 
therapy for focal adenocarcinomas, cecal leiomyosarcomas, 
and obstructive lymphomas. Multiagent chemotherapy [pred¬ 
nisone, vincristine, cyclophosphamide] has been used to treat 
colonic lymphoma, but it does not appear to alter survival time 
in affected cats. 229 Cyclo-oxygenase 11 (COX II) up-regulation 
may contribute to the growth characteristics of some canine 
colonic neoplasia, 237 ' 239 Selective COX II inhibitors (e.g., 
piroxicam, meloxicam) may therefore be useful in the treat¬ 
ment of some canine colonic neoplasia. Plasmacytomas may 
be managed w r ith adjuvant chemotherapy (e g., prednisone, mel- 
phalan) after surgical excision. Radiation therapy has been used 
to palliate recurrent adenocarcinomas with varying results and 
complications; however, postradiation peritonitis and perfora¬ 
tion have been reported in some cases. 240 


viral enteritis, foreign bodies, and masses, but in dogs and cats 
most intussusceptions are idiopathic 243 ' 245 

Pathophysiology The initiating events in an intussuscep¬ 
tion are often difficult to identify retrospectively, but all intus¬ 
susceptions appear to share three important features: (1) 
in homogeneity in a bowel segment—a region in which the 
Gl tract undergoes a sudden anatomic change in diameter 
(e.g., ileocolic junction) or a bowel segment that is either 
flaccid or indurated; (2) mechanical linkage of nonadjacent 
segments—which can be intraluminal (e,g>, linear foreign 
bodies, parasites) or extramural (e,g,, fibrous adhesions or 
bands); and (3) peristaltic activity of the gut 

Invagination begins as a result of peristaltic contraction. 
Once the invagination has begun, its progress may be rapid, 
involving as much as several centimeters of intestinal tract 
within just a few hours. Invagination and intussusception 
result in luminal obstruction, which may be partial or com¬ 
plete. Obstruction usually results in distension of the bowel 
segment proximal to the intussusception. The degree of dis¬ 
tension is dependent upon the completeness and duration of 
the obstruction, volume of fluid secretion, degree of vascular 
compromise, and volume of gas production from bacterial fer¬ 
mentation, Because the mesentery and blood supply are 
included in the in vagin a ting segment, vascular compromise 
can occur, which initially leads to intramural hemorrhage and 
edema and eventually to ischemia and necrosis of the boweh 
Full-thickness necrosis may ensue, but perforations are rare. 

Clinical Examination The most important clinical signs 
with ileocolic intussusceptions are intermittent vomiting, pro¬ 
gressive loss of appetite, mucoid bloody diarrhea, and a palpa¬ 
ble cylinder-shaped mass in the cranial abdomen. Abdominal 
pain is not a consistent finding in affected animals. Clinical 
signs may persist for several weeks, and affected animals even¬ 
tually succumb to the effects of starvation rather than dehy¬ 
dration, electrolyte imbalances, or acid-base disturbances. 

Diagnosis With some ileocolic intussusceptions, the intus- 

suscepted bowel may protrude through the anus and must be 
differentiated from a rectal prolapse. This is accomplished by 
passing a blunt probe between the protruding segment and 
the anal sphincter. If the probe can be passed cranial to the 
pubis without reaching a fornix, then the protruding bowel is 
the apex of an intussusception rather than rectal prolapse. 

Survey abdominal radiographic findings may be suspicious 
for intussusception (Figure 223-10, A), Barium contrast stud¬ 
ies (barium enema or upper Gl series) are often diagnostic, 
but abdominal ultrasonography is the preferred method of 
diagnosis. The appearance of a targetlike mass (consisting of 
two or more hyperechoic and hypoechoic concentric rings in 
transverse section) or the appearance of multiple hyperechoic 
and hypoechoic parallel lines in longitudinal section is virtu¬ 
ally diagnostic of an intussusception (Figure 223-10, B). 246 The 
ultrasound scan might also identify a mass associated with the 
intussusception. Endoscopy may be performed in suspected 
cases of suspected neoplasia, otherwise endoscopy does not 
confer any additional benefits over abdominal ultrasound or 
CT scanning. 

Treatment The surgical management of ileocolic intussus¬ 
ception involves either reduction or resection, and anasto¬ 
mosis, or both. 247 249 Secretory diarrhea may persist after 
relief of the obstruction, and affected animals may need con¬ 
tinuous crystalloid and colloidal therapy. If possible, the ileo¬ 
cecal sphincter should be preserved to reduce reflux and 
contamination of the distal small bowel. Cecocolic intussus¬ 
ceptions or inversions should also be treated with surgical 

resection. Surgical resection ol the cecocolic intussusceptions 


242 


Prognosis The prognosis for adenomatous polyps, leiomy¬ 
omas, and fibromas is generally favorable. Adenocarcinomas, 
lymphosarcomas, and plasmacytomas tend to recur, metasta¬ 
size, or both to distant sites. Dogs with annular colorectal ade¬ 
nocarcinomas have 


particularly poor prognosis with a 
median survival time (MST) of only 1.6 months. 714 235 The 
prognosis for most malignant tumors is generally guarded. 
Surgical resection alone results in 22 month (dogs) and 
15 month (cats) average survival times in dogs and cats. 214 229 
It should be noted that cats undergoing subtotal colectomy 
for colonic adenocarcinoma had a longer survival time than 
those receiving mass resection only (MST of 138 days versus 
68 days). 229 Not surprisingly, cats with metastatic lesions had 
much shorter survival times, 49 days versus 259 days. 229 


Intussusception 

Cause Intussusception is an invagination of one segment of 
the Gl tract into the lumen of an adjoining segment. The 
intussusceptum is the invaginated segment of the alimentary 
tract, whereas the intussuscipiens is the enveloping segment. 
Invagination may occur in an antegrade (aborad) or retrograde 
(orad) direction, but is most commonly in the antegrade 
direction. Any portion of the alimentary tract may be 
involved, but enterocolic intussusceptions account for almost 
two thirds of the published cases in dogs and cats. Enterocolic 
intussusceptions can be further divided into three types: 
(I i cecocolic (or cecal inversion), w r ith the inverted cecum 
forming the apex 241 ; (2) ileocolic, with the ileum forming the 
apex; and (3) ileocecal, with the ileum forming the apex. 242 
Of these three forms of enterocolic intussusception, the ileo¬ 
colic intussusception is the one most frequently encountered 
in clinical practice. A number of conditions are reported to 
predispose to intussusception, including intestinal parasitism, 
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is generally curative, Enteroplication procedures have been 
recommended, 249 but they do not appear to reduce recur¬ 
rence rates. 247 ^ 4e 

Prognosis The most common complications after treatment 

of intussusception are recurrence, dehiscence of the anasto¬ 
mosis, ileus, intestinal obstruction, peritonitis, and short bowel 
syndrome. The recurrence rate in dogs is reported to be 
between 11% and 20%, In dogs in which no surgical proce¬ 
dure was performed to prevent recurrence, intussusception 
recurred in 25% of dogs that underwent manual reduction 
alone and in 19% of dogs that underwent resection and anas¬ 
tomosis. Entereplication does not appear to 
rates any fu rth er, 24 7 24 e 

enteroplication in one study experienced severe complica¬ 
tions that required a second surgery. Intestinal obstruction was 
a complication of the enteroplication in those patients. 


recurrence 
Indeed, 19% of dogs undergoing 


24S 


HYPOMOT1LITY AND DYSMOTILITY 


Constipation 

Cause The etiopath agenesis of idiopathic megacolon is still 
incompletely understood. Several reviews have emphasized 
the importance of considering an extensive list of differential 
diagnoses {eg,, neuromuscular, mechanical, inflammatory, 
metabolic and endocrine, pharmacologic, environmental, and 
behavioral causes) for the obstipated cat (Box 223-1; reviewed 
in reference 250). A review of published cases suggests that 

96% of cases of obstipation are accounted for by idiopathic 

megacolon (62%), pelvic canal stenosis (23%), nerve injury 
(6%), or Manx sacral spinal cord deformity (5%). 52 A smaller 
number of cases are accounted For by complications of colopexy 
(]%) and colonic neoplasia (1%); colonic hypo- or agangliono- 

suspected, but not proved, in another 2% of cases. 
Inflammatory, pharmacologic, and environmental and behav- 

not cited as predisposing factors in any of the 
original case reports. Endocrine factors (e.g*, obesity, hypothy¬ 
roidism) were cited in several cases, but were not necessarily 
impugned as part of the pathogenesis of megacolon. It is impor¬ 
tant to consider an extensive list of differential diagnoses in an 
individual animal, but it should be kept in mind that most 
cases are idiopathic, orthopedic, or neurologic in origin. 
Behavioral (e.g., stress) or environmental (e.g., competition 
for the litter box) factors, or both, may play an important role 
in the development of this lesion, but they have not been very 
well characterized in retrospective or prospective studies. 

Pathophysiology Megacolon develops through two patho- 
logic mechanisms: (I) dilation and (2) hypertrophy. Dilated 
megacolon is the end stage of colonic dysfunction in idiopathic 

Cats affected with idiopathic dilated megacolon have 
permanent loss of colonic structure and function. Medical 
therapy may be attempted in such cases, but most affected 
cats eventually require colectomy. Hypertrophic megacolon, on 
the other hand, develops as a consequence of obstructive lesions 
(e.g., malunion of pelvic fractures, tumors, foreign bodies). 

Hypertrophic megacolon may be reversible with early 
pelvic osteotomy, or it may progress to irreversible dilated 
megacolon if appropriate therapy is not instituted. 251 

Constipation and obstipation are earlier manifestations of 
the same problem. Constipation is defined as infrequent or 
difficult evacuation of feces but does not necessarily imply a 
permanent loss of function. Many cats suffer from one or two 
episodes of constipation without further progression. Intractible 
constipation that has become refractory to cure or control is 
referred to as obstipation. The term obstipation implies a per¬ 
manent loss of function. A cat is assumed to be obstipated only 
after several consecutive treatment failures. Recurring episodes 
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Figure 223-10 A, Survey lateral radiographic appearance of ileo¬ 
colic intussusception in a 6-month-old puppy. B, Ultrasonographic 
appearance of ileocolic intussusception in a 10-year-old cat, (Digital 
image courtesy of Dr. Rafe Van Knox, University of Pennsylvania.) 
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[70% male, 30% female] of domestic shorthair (DSH) (46%), 
domestic longhair (15%), or Siamese (12%) breeding. 52 
Affected cats are usually presented for reduced, absent, or 
painful defecation for a period of time ranging from days to 
weeks or months. Some cats are observed making multiple, 
unproductive attempts to defecate in the litter box, whereas 
other cats may sit in the litter box for prolonged periods of 
time without assuming a defecation posture. Dry, hardened 
feces are observed inside and outside of the litter box. 
Occasionally, chronically constipated cats have intermittent 
episodes of hematocbezia or diarrhea due to the mucosal irritant 
effect of fecal concretions. This may give the pet owner the 
erroneous impression that diarrhea is the primary problem. 
Prolonged inability to defecate may result in other systemic 
signs, including anorexia, lethargy, weight loss, and vomiting. 

Physical examination Colonic impaction is a consistent 
physical examination finding in affected cats. Other findings 
will depend upon the severity and pathogenesis of constipa¬ 
tion. Dehydration, weight loss, debilitation, abdominal pain, 
and mild to moderate mesenteric lymphadenopathy may be 
observed in cats with severe idiopathic mega col on. Colonic 
impaction may be so severe in such cases as to render it diffi¬ 
cult to differentiate impaction from colonic, mesenteric, or 
other abdominal neoplasia. Cats with constipation due to 
dysautonomia may have other signs of autonomic nervous 

system failure, such as urinary and fecal incontinence, regurgi¬ 
tation due to megaesophagus, mydriasis, decreased lacrima- 
tion, prolapse of the nictitating membrane, and bradycardia. 
Digital rectal examination should be carefully performed with 
sedation or anesthesia in all cats. Pelvic fracture malunion may 
be detected on rectal examination in cats with pelvic trauma. 
Rectal examination might also identify other unusual causes 
of constipation, such as foreign bodies, rectal diverticula, stric¬ 
ture, inflammation, or neoplasia. Chronic tenesmus may be 
associated with perineal herniation in some cases. 250 A com¬ 
plete neurologic examination, with special emphasis on caudal 
spinal cord function, should be performed to identify neuro¬ 
logic causes of constipation (e.g., spinal cord injury, pelvic 
nerve trauma, Manx sacral spinal cord deformity). 

Diagnosis Although most cases of obstipation and mega¬ 
colon are unlikely to have significant changes in laboratory 
data (e.g., CBC, serum chemistry, urinalysis), these tests 
should nonetheless be performed in all cats presented for con¬ 
stipation. Metabolic causes of constipation, such as dehydra¬ 
tion, hypokalemia, and hypercalcemia may be detected in 
some cases. Basal serum Tj concentration and other thyroid 
function tests should also be considered in cats with recurrent 
constipation and other signs consistent with hypothyroidism. 
Although hypothyroidism was documented in only one case 
of obstipation and megacolon, obstipation is a frequent clini¬ 
cal sign in kittens affected with congenital or juvenile-onset 
hypothyroidism. 52 Constipation could also theoretically 
develop after successful treatment of feline hyperthyroidism. 

Abdominal radiography should be performed in all consti¬ 
pated cats to characterize the severity of colonic impaction and 
to identify predisposing factors such as intraluminal radio¬ 
opaque foreign material (e.g., bone chips), intraluminal or 
ex'traluminal mass lesions, pelvic fractures, and spinal cord 
abnormalities (Figure 223-11). The radiographic findings of 

colonic impaction cannot be used to distinguish between con¬ 
stipation, obstipation, and megacolon in idiopathic cases. First or 
second episodes of constipation in some cats may be severe and 
generalized but may still resolve with appropriate treatment. 

Ancillary studies may be indicated in some cases. 
Extraluminal mass lesions may be further evaluated by abdom¬ 
inal ultrasonography and guided biopsy, whereas intraluminal 
mass lesions are best evaluated by endoscopy. Colonoscopy 

mav also be used to evaluate the colon and anorectum for 


Box 


Differential Diagnosis of Constipation in the Cat 


Neuromuscular Dysfunction 

Colonic smooth muscle; idiopathic megacolon, aging 
Spinal cord disease; lumbosacral disease, cauda equina 
syndrome, sacral spinal cord deformities (Manx cat) 
Hypogastric or pelvic nerve disorders: traumatic injury, 
malignancy, dysautonomia 
Submucosal or myenteric plexus neuropathy; 
dysautonomia, aging 


Mechanical Obstruction 

Intraluminal; foreign material (bones, plant material, hair), 
neoplasia, rectal diverticula, perineal hernia, anorectal 
strictures 

Intramural: neoplasia 

Extraluminal: pelvic fractures, neoplasia 


Inflammation 

Perianal fistula, proctitis, anal sac abscess, anorectal 
foreign bodies, perianal bite wounds 


Metabolic and Endocrine 

Metabolic; dehydration, hypokalemia, hypercalcemia 
Endocrine: hypothyroidism, obesity, nutritional secondary 
hyperparathyroidism 


Pharmacological 

Opioid agonists, cholinergic antagonists, diuretics, barium 
sulfate, phenothiazines 


Environmental and Behavioral 

Soiled litter box, inactivity, hospitalization, change in 
environment 


of constipation or obstipation may culminate in the syndrome 

of megacolon. 

The pathogenesis of idiopathic dilated megacolon appears 
to involve functional disturbances in colonic smooth muscle 
Jn 1 4fro isometric stress measurements have been performed 
on colonic smooth muscle obtained from cats suffering from 
idiopathic dilated megacolon. 252 - 253 Megacolonic smooth 
muscle develops less isometric stress in response to neurotrans¬ 
mitter (acetylcholine, substance P, choletystokinin), membrane 
depolarization (potassium chloride), or electrical field stimu¬ 
lation, when compared with healthy controls. 252 253 Differences 
have been observed in longitudinal and circular smooth muscle 
from the descending and ascending colon. No significant 
abnormalities of smooth muscle cells or of myenteric neurons 
were observed on histologic evaluation. These studies initially 
suggested that the disorder of feline idiopathic megacolon is a 
generalized dysfunction of colonic smooth muscle and that 
treatments aimed at stimulating coionic smooth muscle con¬ 
traction might improve colonic motility. More recent studies 
suggest that the lesion may begin in the descending colon and 
progress to involve the ascending colon over time. 254 

Clinical Examination 

History Constipation, obstipation, and megacolon mav 
be observed m ^ats of any age, sex, or breed; however, most 
cases are observed in middle-seed (mean: 5.8 vears) male cats 
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Treatment The specific therapeutic plan will depend 
upon the severity of constipation and the underlying 

(Figure 223-12; Table 223-7). 250 Medical therapy may not 

be necessary with first episodes of constipation. First episodes 
often transient and resolve without therapy. Mild to mod- 

recurrent episodes of constipation, on the other hand, 
usually require some medical intervention. These cases may 
be managed, often on an outpatient basis, with dietary modi¬ 
fication, water enemas, oral or suppository laxatives, colonic 
prokinetic agents, or a combination of these therapies. Severe 

of constipation usually require brief periods of hospital- 
to correct metabolic abnormalities and to evacuate 
impacted feces using water enemas, manual extraction of 
retained feces, or both. Follow-up therapy in such cases is 
directed at correcting predisposing factors and preventing 
recurrence. Subtotal colectomy will become necessary in cats 
suffering from obstipation or 
These cats, by definition 

Although pelvic osteotomy is described for cats with pelvic 
canal stenosis, 225 subtotal colectomy is an effective treatment 
and is considered the standard of surgical care. 2 ^' An algo¬ 
rithm for the therapeutic approach to the constipated, obsti- 
pated, and megacolonic cat is outlined in Figure 223-12. 

R etno val of Impacted Feces R e m ov al of i m p a cte d feces 
may be accomplished through the use of rectal suppositories, 
enemas, or m 

Rectal suppositories A number of pediatric rectal suppos- 

available for the management of mild constipation. 


or 


cases 


idiopathic dilated megacolon. 
, are unresponsive to medical therapy. 


-11 Barium enema in a 12-year-old cat with idio- 


Figure 

pathic constipation and megacolon. 


suspected inflammatory lesions, strictures, speculations, and 
diverticula. Barium enema contrast radiography may he used if 
colonoscopy is not possible. Both colonoscopy and barium 

contrast radiography will require general anesthesia 
and evacuation of impacted feces. Cerebrospinal fluid analy¬ 
sis, CT or MRI, and electrophysiclogic studies should be con¬ 
sidered in animals with evidence of neurologic impairment. 
Finally, colonic biopsy or anorectal manometry will be neces¬ 
sary to diagnose suspected cases of agangl ionic megacolon. 


enema 


extraction. 


itones are 


Management of 
feline constipation, 
obstipation, and 
megacolon 


Obstipation 
or megacolon 
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recurrent 
constipation 


Mild constipation 
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Dietary fiber 




Enemas and/or 
manual extraction 
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Hypertrophy 


Dilation 






Recurrence 


<6 months 


>6 months 
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Low residue diet, 
lactulose, cisapride 


Dioctyl sodium, 

sulfosuccinate, 

and cisapride 
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Ranitidine, 

lactulose, 
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Table 


Drug Index—Constipation 


DRUG CLASSIFICATION AND EXAMPLE 


DOSE 


Rectal Suppositories 

Dioctyl sodium sulfosuccinate (Colace, Mead Johnson) 

Glycerin 

Bisacody! (Dulcotax; Boehringer Ingdheim) 


1-2 pediatric suppositories 

1-2 pediatric suppositories 

1-2 pediatric suppositories 


Enemas 

Warm tap water 

Warm isotonic saline 

Dioctyl sodium sulfosuccinate (Colace, Mead Johnson) 
Dioctyl sodium sulfosuccinate (Disposaject, Pitt man Moo re) 
Mineral oil 

Lactulose (Cephulac, Merrell Dow; Duphalac, Reid Rowell) 


5-10 ml/kg 
5-10 mL/kg 
5-10 mL/cat 

250 mg (12 m!) given pre rectum 

5-10 mL/cat 
5-10 mL/cat 


Oral Laxatives 

Bulk laxatives 

Psyllium (Metamud!, Searle) 

Conned pumpkin 
Coarse wheat bran 
Emollient laxatives 

Dioctyl sodium sulfosuccinate {Colace, Mead Johnson) 
Dioctyl calcium sulfosuccinate (Surfax, Hoechst) 

Lubricant laxatives 
Mineral oil 

Petrolatum (Laxatone, Evsco) 

Hyperosmotic laxatives 

Lactulose (Cephulac, Merrell Dow; Duphalac, Reid Rowell) 
Stimulant laxatives 

Bisacodyl (Dulcolax, Boehringer Ingdheim) 


1-4 tsp mixed with food, every 24 or 12 hours 
1-4 tsp mixed with food, every 24 hours 
1-4 tblsp mixed with food, every 24 hours 


50 mg orally, every 24 hours 

50 mg orally, every 24 or 12 hours as needed 


10-25 ml orally, every 24 hours 
1-5 ml orally, every 24 hours 


0.5 ml/kg orally, every 12 to 8 hours as needed 


5 mg orally, every 24 hours 


ProkJnetic Agents 

Cisapride (compounding pharmacies) 

Tegaserod (Zelnorm, Novartis) 257 - dogs 
Ranitidine (Zantac, Glaxo SmithKIine) 
Nizatidine (Axid, Eli Lilly) 


0.1-1.0 mg/kg orally every 12 to 8 hours 

0.05-0,10 mg/kg orally, twice a day 
T0-2.0 mg/kg orally, every 12 to 8 hours 
2,5-5.0 mg/kg orally, every 24 hours 


These include dioctyl sodium sulfosuccinate (emollient laxa¬ 
tive), glycerin (lubricant laxative), and bisacodyl (stimulant 
laxative), The use of rectal suppositories requires a compliant 
pet and pet owner Suppositories can be used alone or in con¬ 
junction with oral laxative therapy. 

Enemas Mild to moderate or recurrent episodes of con¬ 
stipation may require administration of enemas, manual 
extraction of impacted feces, or both. Several types of enema 
solutions may be administered, such as warm tap water (5 to 
10 mL/kg), warm isotonic saline (5 to 10 mL/kg), dioctyl 
sodium sulfosuccinate (5 to 10 mL/cat) r mineral oil (5 to 10 
mL/cat), or lactulose (5 to 10 mL/cat). Enema solutions 
should be administered slowly with a well-lubricated 10 to 
12F rubber catheter or feeding tube. Enemas containing 

sodium phosphate are contraindicated in cats because of their 
propensity for inducing severe hypernatremia, hyperphos¬ 
phatemia, and hypocalcemia in this species. 

Manual extraction Cases unresponsive to enemas may 
require manual extraction of impacted feces. Cats should 
be adequately rehydrated and then anesthetized with an 
endotracheal tube in place to prevent aspiration should colonic 


manipulation induce vomiting. Water or saline is infused into 
the colon while the fecal mass is manually reduced by abdom¬ 
inal palpation. Sponge forceps may also be introduced rectally 
(with caution) to break down the fecal mass. It may be advis¬ 
able to evacuate the fecal mass over a period of several days 
to reduce the risks of prolonged anesthesia and perforation of 
a devitalized colon. If this approach fails, colotomy may be 
necessary to remove the fecal mass. Laxative or prokinetic 
therapy (or both] may then be instituted once the fecal mass 
has been removed. 


Laxative Therapy Laxatives promote evacuation of the 
bowel through stimulation of fluid and electrolyte transport 
or increases in propulsive motility. They are classified as bulk- 
forming, emollient, lubricant, hyperosmotic, or stimulant lax¬ 
atives according to their mechanism of action. Hundreds 

of products are available for the treatment of constipation. 
Table 223-7 summarizes those products that have been used 
with some success in cats. 

Bulk-forming laxatives Most of the available bulk-forming 

laxatives are dietary fiber supplements ol poorly digestible 
polysaccharides and celluloses derived principally from cereal 
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grains, wheat bran, and psyllium. Some constipated cats will 
respond to supplementation of the diet with one of these 
products, but many require adjunctive therapy (e.g,, other 
types of laxatives or colonic prokinetic agents). Dietary fiber 
is preferable because it is well tolerated, more effective, and 

physiologic than other laxatives. Fiber is classified as a 
bulk-forming laxative, although it has many other properties. 
The beneficial effects of fiber in constipation include 
increased fecal water content, decreaseo intestinal transit 
time, and increased frequency of defecation. 26 ' 257 Fiber sup¬ 
plemented diets are available commercially, or the pet owner 
may wish to add psyllium (1 to 4 teaspoon per meal), w-heat 
bran (1 to 2 tablespoon per meal), or pumpkin (1 to 4 table¬ 
spoon per meal) to canned cat food* Cats should be well 
hydrated before commencing fiber supplementation to maxi¬ 
mize the therapeutic effect. Fiber supplementation 
beneficial in mildly constipated cats, prior to the development 
of obstipation and megacolon. In obstipated and megacolon 

cats, fiber may in fact be detrimental. Low-residue diets 
be more beneficial in obstipated and megacolonic cats. 

Emollient laxatives Emollient laxatives are anionic deter¬ 
gents that increase the miscibility of water and lipid in digesta, 
thereby enhancing lipid absorption and impairing water absorp¬ 
tion. Dioctyl sodium sulfosuccinate and dioctyl calcium sulfos- 
uccinate are examples of emollient laxatives available in oral 
and enema form. Anecdotal experience suggests that dioctyl 
sodium sulfosuccinate therapy may be most useful in animals 
with acute but not chronic constipation. As with bulk-forming 
laxatives, animals should be w r ell hydrated before emollient lax¬ 
atives are administered. It should be noted that clincia] efficacy 
has not been definitively established for the emollient laxatives. 
Dioctyl sodium sulfosuccinate, for example, inhibits water 
absorption in isolated colonic segments in idtm, but it may be 
impossible to achieve tissue concentrations great enough to 
inhibit colonic wearer absorption in vim. Dioctyl sodium sulfos¬ 
uccinate at a dose of 30 mg/kg/day had no effect on fecal 
sistency in beagle dogs. 258 Further studies are required to 
determine the clinical efficacy and therapeutic role of dioctyl 
sodium sulfosuccinate in the management of the constipated cat. 


Stimulant laxatives The stimulant laxatives [bisacodyl, 
phenolphthalein, castor oil, cascara, senna) are a diverse group 
of agents that have been classified according to their ability to 
stimulate propulsive motility. Bisacodyl, for example, stimulates 
NO-mediated epithelial cell secretion and myenteric neuronal 
depolarization. 260 Diarrhea results from the combined effect 
of increased mucosal secretion and colonic propulsion. 
Bisacodyl (at a dose of 5 mg orally, every 24 hours) is the most 
effective stimulant laxative in the cat. It may be given indi¬ 
vidually or in combination with fiber supplementation for 
long-term management of constipation. Daily administration 
of bisacodyl should probably be avoided, however, because of 
injury to myenteric neurons with chronic use. 250 


more 


Colonic Pro kinetic Agents Previous studies of feline 
colonic smooth muscle function have suggested that stimula¬ 
tion of colonic smooth muscle contraction might improve 
colonic motility in cats affected with idiopathic dilated mega- 
coIon. 252 252 - 261 Unfortunately, many of the currently available 
G1 prokinetic agents have not proved useful in the therapy of 
feline constipation, either because of significant side effects 
(e.g., bcthanechol) or because the prokinetic effect is limited 
to the proximal G1 tract (e g., metoclopramide, domperidone, 

erythromycin),The 5-HT, serotonergic agonists (e.g., cisapride, 

prucalopride, tegaserod, m os a pride) appear to have the advan¬ 
tage of stimulating motility from the gastroesophageal sphinc¬ 
ter to the descending colon wnth relatively few side effects. 
Cisapride, for example, increases gastroesophageal sphincter 
pressure, promotes gastric emptying, and enhances small intesti¬ 
nal and colonic propulsive motility* 262 Cisapride enhances 
colonic propulsive motility through activation of colonic 
ronal or smooth muscle 5-HT receptors in a number of animal 
species. 2fi3 - 264 In intro studies have showm that cisapride stimu¬ 
lates feline colonic smooth muscle contraction, 253 - 264 although 
it has not yet been conclusively shown that cisapride stimu¬ 
lates feline colonic propulsive motility in invo. A large body of 
anecdotal experience suggests that cisapride is effective in 
stimulating colonic propulsive motility in cats affected w f ilh mild 
to moderate idiopathic constipation; cats with long-standing 
obstipation and megacolon are not likely to show much 
improvement with cisapride therapy. Cisapride was widely 
used in the management of canine and feline gastric empty¬ 
ing, intestinal transit, and colonic motility disorders through¬ 
out most of the 1990s. 262 - 265 266 Cisapride was withdrawn 
from the American, Canadian, and certain Western European 
countries in July 2000 after reports of untow r ard cardiac side 
effects in human patients. Cisapride causes QT interval pro¬ 
longation and slowing of cardiac repolarization via blockade 
of the rapid component of the delayed rectifier potassium 
channel (I^). 267 This effect may result in a fatal ventricular 
arrhythmia referred to as torsades de pointes * Similar effects 
have been characterized in canine cardiac Purkinje fibers, 267 but 
in vivo effects have not yet been reported in dogs or cats. The 
wnthdraw'al of cisapride has created a clear need for new GI 
prokinetic agents, although cisapride continues to be available 
from compounding pharmacies throughout the United States. 
Two new prokinetic agents, tegaserod and prucalopride, are 
in differing stages of drug development and may prove useful 
in the therapy of GI motility disorders of several animal 

species. 

Tegaserod is a potent partial nonbenzamide agonist at 
5-HT 4 receptors and a weak agonist at 5-HT| D receptors. 2 ®' 270 
Tegaserod has definite prokinetic effects in the canine colon, 
but it has not yet been studied in the feline colon. Intravenous 

doses of tegaserod (0,03 to 0.3 mg/kg) accelerate colonic tran¬ 
sit in dogs during the first hour after intravenous administra¬ 
tion. 7 ® Tegaserod at doses of 3 to 6 mg/kg orally has also been 
showrn to normalize intestinal transit in opioid-induced bowel 

dysfunction in dogs, 2 
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Lubricant laxatives Mineral oil and white petrolatum 
the two major lubricant laxatives available for the treatment 
of constipation. The lubricating properties of these agents 
impede colonic M'ater absorption and permit greater ease of 
fecal passage. These effects are usually moderate, however, 
and, in general, lubricants are beneficial only in mild cases of 
constipation. Mineral oil use should probably be limited to 
rectal administration because of the risk of aspiration pneu¬ 
monia with oral administration, especially in depressed 
debilitated cats. 
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Hyperosmotic laxatives This group of laxatives consists 
of the poorly absorbed polysaccharides (e.g., lactose, lactu¬ 
lose), the magnesium salts ie.g., magnesium citrate, magne- 

hydroxide, magnesium sulfate), and the polyethyl 
glycols. Lactose is not effective as a laxative agent in all cats, 259 
Lactulose is the most effective agent in this group. The organic 
acids produced from lactulose fermentation stimulate colonic 
fluid secretion and propulsive motility. Lactulose adminis¬ 
tered at a dose of 0.5 mL/kg body w r eight every 8 to 12 hours 
fairly consistently produces soft feces in the cat. Many cats 
with recurrent or chronic constipation have been w f ell 
aged with this regimen of lactulose. The dose may have to be 
tapered in individual cases if flatulence and diarrhea become 
excessive. Magnesium salts are not currently recommended in 
the treatment of Feline constipation and idiopathic megacolon, 
Some veterinarians have reported anecdotal successes with 
the polyethylene glycols 
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of intestinal ileus or pseudo-obstruction. Gastric effects of 
tegaserod have not been reported in the dog r so this drug may 
not prove as useful as cisapride in the treatment of delayed 
gastric emptying disorders. In intro studies suggest that 
tegaserod does not prolong the QT interval or delay cardiac 
repolarization as has been occasionally reported with cisapride. 
Tegaserod was marketed under the trade name of Zelnorm in 
the United States in September 2002 for the treatment of 
constipation-predominant IBS in women. As with many other 
drugs in companion animal medicine, tegaserod has not been 
licensed for the treatment of canine or feline GI motility 
disorders. 

Prucalopride is a potent 5-HTj receptor agonist that stim¬ 
ulates GMCs and defecation in the dog and cat. 172273 
Prucalopride also appears to stimulate gastric emptying in the 
d 0 g j n iidamidine-induced delayed gastric emptying in dogs, 
prucalopride (G.Ol to 0,16 mg/kg) dose-dependently acceler¬ 
ates gastric emptying of dextrose solutions. Prucalopride has 
not yet been marketed in the United States or elsewhere. 

Misoprostol is a prostaglandin E 3 analogue that reduces the 
incidence of nonsteroidal anti-inflammatory drug (NSA1D)- 
induced gastric injury. The main side effects of misoprostol 
therapy are abdominal discomfort, cramping, and diarrhea. 
Studies in dogs suggest that prostaglandins may initiate a giant 
migrating complex pattern and increase colonic propulsive 
activity. 275 In intro studies of misoprostol show that it stimu¬ 
lates feline and canine colonic smooth muscle contraction, 276 
Given its limited toxicity, misoprostol may be useful in cats 
(and dogs) with severe refractory constipation. 

Ranitidine and nizatidine, classic histamine H 2 receptor 
antagonists, may also stimulate canine and feline colonic 
motility. These drugs stimulate contraction apparently 
through inhibition of tissue acetylcholinesterase and accumu¬ 
lation of acetylcholine at the motor endplate. It is not yet clear 
how effective these drugs are in vivo, although both drugs 
stimulate feline colonic smooth muscle contraction m vitroP 1 
Cimetidine and famotidine, members of the same classifica¬ 
tion of drug, are without this effect. 

Surgery Colectomy should be considered in cats that are 
refractory to medical therapy (Figure 223-13; see Surgery). 
Cats have a generally favorable prognosis for recovery after 
colectomy, although mild to moderate diarrhea may persist 


for weeks to months post operatively in some cases. 27fi ' 27g 
Although pathologic hypertrophy may be reversible with 
early pelvic osteotomy in some cases, 255 subtotal colectomy is 
an effective treatment for this condition regardless of dura¬ 
tion, and pelvic osteotomy is not required, 280 

Prognosis Many cats have one or two episodes of consti¬ 
pation without further recurrence, although others may 
progress to complete colonic failure. Cats with mild to mod¬ 
erate constipation generally respond to conservative medical 
management (e.g., dietary modification, emollient or hyperos¬ 
motic laxatives, colonic prokinetic agents). Early use of 
colonic prokinetic agents (in addition to one or more laxative 
agents) is likely to prevent the progression of constipation 
to obstipation and dilated megacolon in these cats. Some 
cats may become refractory to these therapies, however, as 
they progress through moderate or recurrent constipation to 
obstipation and dilated megacolon. These cats eventually 
require colectomy. Cats have a generally favorable prognosis 
for recovery after colectomy, although mild to moderate 
diarrhea may persist for 4 to 6 weeks postoperatively in 
some cases. 


Irritable Bowel Syndrome 

A fiber-responsive large bowel diarrheal syndrome similar to 
IBS in humans has been characterized in dogsJ 85 Affected ani¬ 
mals have a chronic idiopathic large bowel-type diarrhea char¬ 
acterized by excessive fecal mucous, hematochezia, and 
tenesmus. Pet owners occasionally report abdominal pain and 
weight loss. Multiple diet changes and empiric medications 
fail to relieve clinical signs. Medical investigation is negative 
for bacterial and other pathogens, colitis, and colonic neopla¬ 
sia, and the term chronic idiopathic large bowel diarrhea is 
applied to the patient's disorder. Dogs affected with this syn¬ 
drome may respond to the feeding of a highly digestible diet 
that is supplemented with soluble fiber 185 Dogs that have 
failed to respond to fiber supplementation may respond to 
medical treatment with loperamide or anticholinergic 
agents. 


187 


ULCER 


Cause 

Colonic ulcers may develop after glucocorticoid therapy and 
neurosurgery in dogs with spinal cord injury. 281 282 Gastric 

ulcers are of greater prevalence in this circumstance, but 
colonic ulcers may be equally devastating. Several factors 
are likely to contribute to colonic ulcerogenesis, including 
glucocorticoid-induced inhibition of immune function, epithe¬ 
lial renewal, prostaglandin production, mucus secretion, and 
collagen production; neurosurgery-induced increases in sym¬ 
pathetic tone; and the inhibitory effects of spinal injury' on 
colonic motility and blood flow. The risk of colonic ulcer forma¬ 
tion is greatly increased by concurrent NSAID administration. 
Why this lesion develops in some dogs but not others is not 
readily explained. 

Pathophysiology 

The left colic flexure or proximal portion of the descending 
colon appears to be at greatest risk for colonic ulceration and 
perforation; two thirds of the published cases were reported 
at this site. 282 Nonambulatory neurosurgical patients treated 
with dexamethasone are at greatest risk for development of 
colonic perforation. Colonic perforation is often preceded by 
variable nonspecific signs, most frequently depression, 
anorexia, and emesis. Perforation appears to be associated 
with 100% mortality, emphasizing the importance of preven¬ 
tion and early clinical recognition. 
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Figure 223-13 Surgical appearance of ft line idiopathic mep 
colon. 
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Clinical Examination 

Middle-aged, male dogs are most often affected, usually 
within 5 to 7 days of surgery. Depression, anorexia, emesis, 
abdominal pain, constipation, melena, and fever are the most 
important clinical signs. Many of these signs are subtle and 
easily missed by some pet owners. The immunosuppressive 
properties of glucocorticoids may mask the initial signs of 
peritonitis associated with colonic perforation. 

Diagnosis 

If suspected, patients at risk should he carefully evaluated for 
perforation and peritonitis. Imaging studies ( radiography and 
ultrasonography), abdominocentesis, peritoneal lavage, and 
exploratory surgery, if indicated, should be considered in 
patients at risk. 

Treatment 

Patients with colonic ulcer, perforation, and peritonitis should 
be explored immediately. Therapy should be aimed at exci¬ 
sion of the ulcer, anastomosis of healthy bowel segments, 
lavage of the peritoneal cavity, open peritoneal drainage (if 

indicated), and postoperative antibiotics. 

Prognosis 

Colonic ulcer and perforation is generally associated with a 
poor prognosis. A preventive approach to this complication 
appears to be warranted in high-risk patients: (l) use of less- 
potent glucocorticoids (e.g., prednisone, prednisolone) instead 
ol dexamethasone, (2) limited or no use of glucocorticoids. 


through noncrushing clamps and contaminates the surgical 
field. Instead, the dry, hard feces associated with chronic con¬ 
stipation can easily be manipulated into the segment of colon 
to he resected and then removed. Preoperative enemas are con¬ 
traindicated in cases of suspected large intestinal perforation. 

Perioperative antibiotics are administered to minimize the 
chance of surgical infection. Randomized, controlled clinical 
trials of antimicrobial prophylaxis in canine and feline colonic 
surgery have not been conducted. However, based on human 
trials,-* 7 antibiotics eflective against aerobes and especially 
the anaerobes that predominate in the large intestine 
administered intravenously once at the beginning of surgery. 
Antibiotics are not administered again unless either contami¬ 
nation occurs at surgery' or the procedure takes longer than 
2 hours. In the latter case a second intravenous dose of antibi¬ 
otics is administered. Antibiotics are continued postopera- 
lively in cases with preoperative or surgical contamination 
based on the results of operative culture and sensitivity testing. 

Surgical Considerations 

In animals requiring surgery for cecal or colonic disease, a ven¬ 
tral midline laparotomy is performed. After conducting a 
thorough abdominal exploration for concurrent or metastatic 
disease, the affected area of the large intestine is packed off 

with moistened laparotomy sponges. Resection of the 
can be performed with or without preservation of the ileo¬ 
colic junction, depending on the extent of the local disease. In 
most cases of cecal neoplasia a complete resection and jejuno- 
or ileocolonic anastomosis is performed to ensure adequate 
tumor removal. 

Subtotal colectomy is an effective treatment for feline 
idopathic megacolon or megacolon secondary to the mechan¬ 
ical obstruction created by old, healed pelvic fractures. 
Recommendations for removal of the ileocolic valve and 
ileum vary in cats with megacolon.The ileocolic blood vessels 
tether the distal ileum and proximal ascending colon, pre¬ 
venting anastomosis to the distal colon; therefore if a com¬ 
plete colectomy is performed, these vessels must be sacrificed. 
This necessitates removing the ileum, which has important 
normal functions in water, vitamin B i2 , and bile salt resorp¬ 
tion, and performing a jejunocolonic anastomosis. In spite of 
this concern, postoperative intestinal function was normal in 
lour cats evaluated after subtotal colectomy and jejunocolonic 

anastomosis. 273 The ileocolic valve also minimizes colonic bac¬ 
terial access to the small intestine, 288 so preservation of the 
valve would be ideal to minimize small intestinal bacterial 
overgrowth and deconjugation of bile salts. How r ever, preser¬ 
vation of the ileocolic junction necessitates leaving several 
centimeters ol the ascending colon to ensure a tension-free 
anastomosis, possibly predisposing these cats to recurrent con¬ 
stipation. To evaluate these concerns, cats writh megacolon 
treated with colectomy were studied retrospectively. Cats 
with excision ol the ileocolic junction had significantly looser 
stool on long-term follow-up. 283 However, there was no dif¬ 
ference in the incidence of constipation between cats with 
preservation versus excision of the ileocolic junction, 283 This 
is perhaps explained by in intro experiments with ascending 
and descending colonic smooth muscle from cats with clinical 
megacolon showing that smooth muscle dysfunction is less 
severe in the ascending colon. 

When the ileocolic junction is preserved, the ascending 
colon is transected approximately 3 cm distal to the ileocolic 
junction to ensure a tension-free anastomosis. An end-to-end 
colocolostomy is performed using single interrupted sutures 
of 4/0 poly dioxanone. 283 The omentum is wrapped around 
the anastomotic site and the abdomen is thoroughly lavaged 
with a warm, balanced electrolyte solution. All lavage fluid is 
aspirated from the peritoneal cavity before the incision is 
closed. 
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SURGERY 


Indications 

In dogs the most frequent indication for colonic and rectal 
surgery is either neoplastic disease or rectal prolapse. Other 
conditions, including cecal neoplasia, cecocolic volvulus, 
colonic entrapment, congenital anomalies, traumatic perfora¬ 
tion, and perforation associated with intervertebral disc dis¬ 
ease and corticosteroid treatment are less common indications 
for large intestinal surgery, 283 The most frequent indications 
for colonic surgery in cats is intractable megacolon. 

Preoperative Considerations 

In dogs with rectal or colonic tumors, appropriate staging is vital 
to determine the extent of local and systemic disease. In many 
cases, a careful digital rectal examination can delineate the 
extent of local disease in the rectum and provide subjective 
information on the enlargement of regional lymph nodes. 
Thoracic radiographs are made to rule out pulmonary metastatic 
disease. Abdominal ultrasonography is used to rule out abdomi* 
nal metastatic disease and to guide aspiration and biopsy of 
enlarged iliac lymph nodes. Proctoscopy and colonoscopy show 
the local extent of neoplastic disease. It is vital that the entire 
colon be assessed with colonoscopy even after a rectal tumor has 
heen identified, because additional neoplasms are reported in 
the colon in a percentage of these cases. 23284 Preparation for 
evaluation and biopsy of the rectum and colon is performed 
using an orally administered Gl lavage solution. 

Animals with anal or rectal prolapse are carefully exam¬ 
ined to determine the underlying cause of tenesmus. In 
younger animals, parasitism is the most frequent predisposing 
cause identified. In older animals, tumors, colitis, urolithiasis, 
dystocia, and perineal herniation have all been associated with 
rectal p rol a pse. 284 < 285 

Mechanical cleansing is recommended before surgery of 
the large intestine in humans. 286 How'ever, in cats undergoing 
surgery for megacolon, preoperative enemas are probably 
unwarranted because thev create a liquid slum' that 
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Prior to surgery, rectal prolapse must be differentiated 
from a prolapsed intussusception of intestine or colon. A well- 
lubricated, blunt instrument is passed between the anus and 
the prolapsed tissue. In animals with a prolapsed intussuscep¬ 
tion, the probe passes easily. Conversely, in animals with a 
simple rectal prolapse, the probe cannot pass because the pro¬ 
lapsed tissue joins the mucocutaneous junction of the anus. 

The viability of the prolapsed tissue is assessed based on gross 
appearance, color, and bleeding. In cases of simple prolapse 
where the tissue is healthy, the prolapse is digitally reduced 
and a purse string suture is inserted in the mucocutaneous 
junction of the anus, avoiding the anal sacs and the anal 
ducts. The suture is tightened sufficiently to prevent prolap 
while leaving a small orifice for the passage of soft feces. The 
suture is removed after several days and the animals carefully 
observed for recurrence of the prolapse. In cases of recurrent 
substantial prolapse where the rectal tissue is still healthy, 
colopexy is performed. Rectal resection is performed in 
animals with traumatized, necrotic, or irreducible rectal pro¬ 
lapse, The reader is referred elsewhere for the details of these 
procedures* 2 * 14 

Various techniques and surgical approaches have been 
described for removal of rectal tumors* 264 The approach and 
technique vary with the extent and location of the 
masses. Tumors in the proximal rectum may be accessed by a 
ventral midline laparotomy combined with a pelvic osteotomy. 
Healing of the distal colon, the proximal rectum, or both i 
complicated by the poor blood supply to this area of the large 
intestine. 290 A dorsal approach has been described for tumors 
involving the middle third of the rectum, 264 - 291 however, many 
tumors in this area are also amenable to resection via a rectal 
pull-through, 284 - 292 The plexus of pelvic nerves at the peri¬ 
toneal reflection is vital to postoperative fecal continence* 
In an experimental study on healthy dogs, transection alone 
or resection of A cm of rectum via a dorsal approach resulted 
in fecally continent dogs. Resection of 6 cm of the rectum, 


including the peritoneal reflection, caused fecal inconti¬ 
nence. 291 This limitation on resection is problematic in ani¬ 
mals with larger rectal tumors, as a 2 cm 
recommended on both sides of the tumor. 


gross margin is 


Postoperative Considerations 

Postoperative treatment depends largely on the underlying 
reason for cecal, colonic, or rectal surgery, Pre- or postopera¬ 
tive epidural anesthesia using a combination of local 
thetic and narcotic provides effective pain relief Animals 
receiving epidural anesthesia may not be able to urinate 
mally for 12 to 24 hours; hence bladder size must be evaluated 
frequently and the bladder gently expressed or catheterized if 
needed. Narcotics, mixed narcotic agonists and antagonists, 
partial mu opioid agonists, and COX-II inhibitory class NSAIDS 
are alternatives for pain management in dogs. Mixed narcotic 
agonists and antagonists are effective in cats. 

Cats recovering from colectomy are maintained on intra¬ 
venous fluids until they commence eating and drinking. 
Electrolytes are supplemented if necessary. Bowel movements 
may be soft or loose and more frequent than normal. A highly 
digestible, low residue diet is fed. In cats with profuse postop¬ 
erative diarrhea in which small intestinal bacterial overgrowth 
is suspected, a short course of antibiotics is administered. 

Adequate nutrition is vital for dogs and cats recovering 
from large intestinal surgery. Early feeding increases anasto¬ 
mosis strength and promotes enteric epithelial proliferation 
and function, 293 - 294 Ideally, the diet should provide a source of 
soluble fiber which, when hydrolyzed to SCFAs, stimulates 
colonic mucosal proliferation. 293 In animals with fecal conti- 

difficulties after extensive rectal resection, a low- 
residue diet is fed twice daily. The animal is then walked for 
20 to 30 minutes after eating. In many cases the gastrocolic 
reflex will result in defecation and near complete emptying 

of the colon during this time, minimizing subsequent fecal 
soiling in the house. 
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he storage and voluntary evacuation of feces are under 
the control of the muscles and nerves serving the pelvic 
canal, rectum, and anus. These elimination functions 
controlled by complex interactions involving smooth muscles, 
striated muscles, and the intrinsic and extrinsic neurons that 
innervate them* The ability to retain fecal content, to perceive 
that the rectum is full, and to determine appropriate defeca¬ 
tion is called fecal continence , Abnormal function of these 
muscles or nerves results in loss of fecal continence or consti¬ 
pation but rarely leads to hematochezia or mucoid diarrhea. 
Alternatively, inflammatory disorders of the rectal mucosa 
result in tenesmus, increased fecal mucus, hematochezia, or 
frequent defecation. In dogs with severe rectal inflammatory 
disease, fecal incontinence may occur secondary to reservoir 
function failure, Even though many of these conditions 
not as serious as other diseases oi th 


T 


tract, their social impact makes them a significant influence on 

the hum an-animal bond and on the owners’ willingness to 
manage their pet s condition. 


arc 


ANATOMY 


The rectum, anal canal, internal and external anal sphincters, 
muscles of the pelvic canal, and the skin and subcutaneous 
structures of the perianal region make up the a no rectum 
(Figure 224-1 Jd The rectum originates at the pelvic inlet, a 
continuation of the distal colon, and ends at the anal canal. 1 
The rectal muscularis layer includes the longitudinal muscles, 
which are continuous with the muscularis layers of the colon, 
and the inner circular muscle laver. The two laver c which 


are 


pro¬ 
vide tone and structural support for the rectal mucosa and 
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Figure 224-1 Cross section through the anorectum of a dog, (From Evans HE: Miller’s Anatomy 
of the Dog, 3rd ed. Philadelphia, WB Saunders, 1993.) 
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along with desquamated epithelium and bacteria. Anal 
of clinical importance because they may become 
impacted with secretions, which often causes discomfort and 

sometimes leads to infection or abscess ation. 

Two other types of glands present in the anal area. 

are non secretory, subcutaneous 


sub mucosa, are controlled and supported by the myenteric 
plexus neurons and the caudal rectal arteries, respectively. 2 
The rectal mucosa contains columnar epithelium rich in 
goblet cells and numerous solitary lymph follicles. The secre¬ 
tion of mucus from goblet cells is regulated by a submucosal 
neuronal plexus in the rectal mucosa,- Inflammation of the 

stimulation of this neuronal plexus, resulting in 

the clinical signs of anorectal disease {e.g., mucoid feces, 
hematochezia, tenesmus, and dyscheEia). As with Peyer's 
patches in the small intestine, these lymph follicles can be 
visualized endoscopically as either raised or punctuate depres¬ 
sions m the rectal mucosa. At the junction of the rectum and 
anus, the mucosal epithelium transitions to squamous epithe¬ 
lium. This transition point defines the junction of the rectum 

and the internal and external anal sphincters. 

The short anal canal extends from the rectum to the anal 
opening and forms the terminal opening of the alimentary 
canal. The involuntary smooth muscle of the internal anal 
sphincter and striated skeletal muscle of the voluntary exter¬ 
nal anal sphincter surround the anal canal and determine its 
function, The mucosa of the anal canal is divided into three 
zones, the columnar, intermediate, and cutaneous zones. 2 The 
columnar zone connects the rectum to the anus and is corn- 


sacs, 

sacs are 


Circumanal (hepatoid) glands 
sebaceous glands in the anal subcutaneous zone. 2 3 These 

glands may become clinically important in intact male dogs, 
because they grow throughout life and form adenomas late in 
life as a result of constant androgen exposure. The anal glands 
tubuloalveolar sweat glands located craniolaterai to the 
circumanal glands. 2 ’ 3 The anal glands produce a fatty secre¬ 
tion, the function of which is unknown. The ducts from these 

glands open in the intermediate zone of the anus. 

The innervation of the anorectum is similar to that of the 
colon in that it comprises a well-defined enteric nervous system 
consisting of a myenteric and a submucosal plexus 2 This seg¬ 
ment of the autonomic nervous system controls the many sen¬ 
sory, integrative, and motor neurons that characterize the 
functions of the rectum and anus (Figure 2 24-2 ). 1 In particular, 
these neurons control the secretions of goblet cells and inte¬ 
grate movements of the colon and rectum to ensure appropri- 
storage and transport of feces. The innervation of the anus 
is more complex. The pelvic plexus, specifically the sacral 
nerve branches of the pelvic nerve, provides parasympathetic 
fibers that are excitatory to the rectum and inhibitory to the 
internal anal sphincter. 2 - 4 Conversely, the sympathetic fibers 
that arise from the hypogastric nerves of the caudal mesen¬ 
teric ganglion are inhibitory to the rectum (i.e,, cause relax¬ 
ation) and excitatory' to the internal anal sphincter (i.e 
contraction), thus allowing appropriate storage of Feces. 2 4 

Relaxation of the internal and external anal sphincters in 
conjunction with rectal contraction permits defecation. The 
externa] anal sphincter is a striated muscle with several muscle 
bundles that surround the internal sphincter. These muscles 
are refiexivelv able to increase anal sphincter pressure, mediated 


mucosa causes 




So 


are 
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ate 


posed of longitudinal ridges of columnar mucosa. The inter¬ 
mediate zone is the transition area between the columnar 

and the stratified squamous epithelium that makes up 
the cutaneous zone. The cutaneous zone is the most caudal 
portion of the anus and is subdivided into two regions. The 
innermost region contains the paired anal sacs, which lie ven¬ 
trolateral to the anus, and the termination of the anal sac 
ducts. 2 The outermost region is keratinized and hairless and 
peripheral to the anus itself The anal opening is formed by 
the plane that separates the two cutaneous zones. The anal 

contain coiled, apocrine, sudoriparous glands and a few 

sebaceous glands. 2 3 The secretions from these glands, which 

accumulate in the anal 


mucosa 


cause 


Lire serous to p as tv m composition. 
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Sacral spinal segments 


continued filling of the rectum until defecation is appropriate. 
If the volume of feces remains small (and stretch is minimal) 
or if defecation is not appropriate, the interna! anal sphincter 
returns to a state of contraction, resulting in propulsion of 
feces hack into the colon. This activity is also stimulated by 
descending inputs from motoneurons in the sacral spinal cord 
and pudendal nerve that mediate voluntary contraction of the 
external anal sphincter and levator ani. 4 ti 910 This back-and- 
forth process is repeated until the volume of feces is sufficient 
both to initiate rectal distention and 

with the anal mucosa, resulting in a stronger urge to defecate. 

When defecation is initiated, distention of the rectum acti¬ 
vates parasympathetic efferents that control contraction of 
colonic smooth muscle (resulting in mass movement of the 
distal colon) and inhibition of the external anal sphincter and 
pelvic muscles (resulting in relaxation of the sphincters).!^ 13 
The rectum itself produces only small contractions that 
not propulsive, therefore the main propulsive force for 
expelling feces from the body is the contraction of colonic 
smooth muscles. Thus the rectum serves primarily as 
duit during the process of defecation and as a storage depot in 
the periods between. Defecation is facilitated by proper pos¬ 
ture and generation of increased abdominal pressure (closure 
of the glottis, fixation of the diaphragm, and contraction of the 
abdominal wall muscles), 2 ' 5 ' 12 '! 3 Conscious suppression of 
defecation is facilitated by descending impulses to sacral 
nerves and the pudendal nerve, which mediate contraction of 
the levator ani and external anal sphincter, resulting in main¬ 
tenance of fecal continence. 9 - 12 - 13 


To and — 


Cuadal equina 


Pudendal n. 


from brain 


Caudal rectal n. 


S3 n\\C1 n. 


Pelvis n. 


Perineal n. 


Skin of 
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Rectal 
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Figure 224-2 Neural control of defecation. (From Stromheck 
DR, Guilford WG: Small Animal Gastroenterology, 2nd ed, Davis, 
California, Stonegate Publishing, 1990,) 


are 


a con- 


via somatic nerve fibers in the anal branch of the pudendal 
nerve, while still allowing accommodation of feces in the 
rectum. 24 A properly functioning external anal sphincter 
allows maximal distention (e,g. p storage of feces in the 
rectum] while maintaining anal control. When the pudendal 
nerve is damaged, the external anal sphincter is incompetent, 
and clinically apparent fecal incontinence develops. 

The pelvic diaphragm constitutes the final aspect of 
anatomic control of anorectal function. These muscles support 
the rectal and anal canal and participate in the maintenance of 
fecal continence and appropriate defecation by providing 
structural support and additional muscular control. The mus¬ 
cles that participate in this activity include the right and left 
ventral sacrococcygeal muscles and the levator ani. 2 The 
sacrococcygeal muscles originate on either side of the rectum 
and attach dorsally to the base of the tail (see Figure 224-1) 4 
These smooth muscles, which are innervated by the pelvic 
plexus, shorten the rectum during defecation, assisting in the 
evacuation of feces. The levator ani muscles are striated mus¬ 
cles [innervated by the sacral and caudal nerves) that sur¬ 
round the rectum and assist in compression of the rectum 
during defecation* 2 


HISTORY AND PHYSICAL EXAMINATION 


The close association of the a norectum and colon results ir 
similar clinical signs of disease for these two components and 
creates difficulty in focalizing signs to a specific region of the 
lower GI tract. A careful history and complete physical 
ination are required to determine whether tenesmus and 
dysthezia are the result of colonic disease or of anorectal dis- 

alone. In general, diseases of the anorectum are either 
inflammatory (with signs of hematochezia, tenesmus, mucoid 
feces, or dyschezia predominating) or they result in altered 
motility [e.g., constipation or fecal incontinence }* It is unusual 
for systemic signs, such as anorexia, weight loss, vomiting, or 
diarrhea, to occur in animals with rectoanal disease; their 
occurrence suggests concurrent systemic disease or disorders 
in other segments of the GI tract. 

The physical examination of the perineum should always 

include careful visual inspection for evidence of inflamma¬ 
tion, swelling, tumor masses, herniation, rectoanal prolapse 
fistulas. After the visual inspection a digital examination 
should be performed, including palpation of the anal sphinc¬ 
ter tone, the pelvic diaphragmatic musculature, and the size 
and ex possibility of the anal sacs; determination of the diam¬ 
eter of the rectal lumen; and tactile examination of the tex¬ 
ture, regularity, and surface of the mucosa. Other structures 
that should be palpated are the prostate in males, the vaginal 
vault in females, and the pelvic urethra. In pets with 
inflammation of the anorectum, digital palpation may be 
impossible without sedation or complete anesthesia. In gen¬ 
eral, cats should be sedated prior to rectoanal palpation to 
prevent patient or operator injury, 

Hematochezia, blood dripping from the anus, or excess 
mucus with normally formed feces is often a good indicator of 
rectoanal disease, especially inflammatory diseases such 
proctitis, perianal fistulas, anal sacculitis, polyps, or neoplasia. 
Tenesmus is a hallmark of both anorectal and colonic disease 
an if must he differentiated from dysrhezia (painful defecation) 
which is much more typical of diseases ol the anorectum. 


in 


exam- 


PHYSIOLOGY OF DEFECATION 


Normal anorectal function and the act of defecation 


are pri¬ 
marily pressure-based functions that rely heavily on complex 

interactions between peripheral pressure receptors, myenteric 
neurons, somatic and autonomic afferent nerve fibers, spinal 
cord, brain stem, somatic and autonomic efferent nerve fibers, 
and smooth and striated muscle of the rectum and anal 
sphincters 15 7 (see Figure 224-2). When the rectum is empty, 
intraluminal rectal pressure is low. Increased intraluminal 
pressure is the primary component of maintenance of fecal 
continence; it is generated by contraction of the internal anal 
sphincter, either in response to a sudden increase in intra- 
abdominal pressure (e.g., coughing or sneezing) or 
increase in rectal filling. 15 The main stimulus for defecation i 
increased pressure in the rectum caused by distention. The 
rectoanal inhibition reflex allows relaxation of the internal 
anal sphincter, along with contractions of the external anal 
sphincter, to allow" slow but continuous filling of the rectum, 1 ' 5 ® 
As the fecal volume increases in the rectum, conscious aware¬ 
ness of rectal filling is perceived by means of sensory signaling 

of information transmitted via sacral afferent fibers to the 
cerebral cortex. 4 *- The 
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the anorectum by conventional means (e.g., abdominal radio¬ 
graphy and ultrasonographyj is generally unrewarding for 
most cases of anorectal disease. However, these modalities can 
be helpful for identifying some causes of colonic disease (e.g., 
neoplasia, infiltrative disease, constipation, or foreign bodies) 
that may have a similar clinical presentation. Intrarectal ultra¬ 
sonography can help the examiner to determine the extent of 
intraluminal or intramural tumor involvement and to evaluate 
pararectal structures. However, ultrasound units with these 
probes are not universally available. Contrast radiography is 
rarely helpful in the diagnosis of anorectal disease, because 
most rectal strictures, polyps, or hernias can be either palpated 
or observed during proctoscopic examination. However, in 
dogs with severe rectal strictures or tumors that obstruct 
passage of a colonoscope or proctoscope, this technique may 
provide the examiner with additional information. 

In general, rigid proctoscopy, with or without colonoscopy, 
is the diagnostic tool of choice for examination, biopsy and, in 
some cases, treatment of rectoanal disease, IToctoscopy is 
technically less difficult, and the instrumentation is less 
expensive, than that required for flexible colonoscopy. With 
either a proctoscope or colonoscope, the rectal mucosa can be 
visualized for color, texture, friability, masses, and bleeding, 
and biopsies of the colonic or rectal mucosa can be readily 
obtained. Furthermore, any lesions of the terminal rectum 
(e.g., polyps) that are identified can often be directly visual¬ 
ized by gently prolapsing the rectum and anus using tissue 
forceps. This technique also allows surgical removal of small 
polyps or masses. 
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Causes of Tenesmus and Dyschezia 


Colorectal Disease 

Constipation 
Colitis-proctitis 

Inflammatory bowel disease 
Histoplasmo capsulatum (histoplasmosis) 
Clostridium perfringens (e nt e rot ox i co si s) 
Prototheco zopfii (protothecosis) 

Rectal stricture 
Ne opla s i a—polyps 
Foreign material 
Irritable bowel syndrome 


PerineaLPerlanat Disease 

Anal sacculitis, impaction, or abscess 
Anal sac neoplasia 

Perianal fistula 
Perineal hernia 


Urogenital Disease 

Cystitis-u rethritis-vagimtis 
Cystitis—urethral calculi 
P rest a titis—p rosta tic abscess 
Parturition 

Neoplasia of the urethra, bladder, prostate, or vpgintr— 


DISEASES OF THE RECTUM 


i- i • f 

ki i 


Miscellaneous Causes 

Caudal abdominal cavity mass 
Pelvic fracture—neoplasia 


Perineal Hernia 

Perineal hernias have been clinically recognized in the dog for 
more than 100 years and are most common in older, intact 
male dogs. 1516 They are rarely seen in cats or female dogs. 
Four types of perineal hernias have been described, but the 
most common type is the caudoventral perineal hernia, which 
occurs between the levator ani, external anal sphincter, and 
internal obturator muscles. 1619 Sciatic hernias occur between 
the sacrotuberous ligament and the coccygeus muscle, dorsal 
hernias occur between the levator ani and coocygeus muscles, 
and ventral hernias occur between the levator ani and 
ischiourethralis or ischiocavemosus muscles. 19 Most perineal 
hernias are unilateral, although bilateral herniation can occur, 
with the right side being predisposed, 1516 Herniation may 
involve only rectal tissues, but eventually prolapse of pelvic 
organs, such as the urinary bladder, prostate, or other abdom¬ 
inal tissues (e g,, fat, intestine), into the weakened area can 
occur. In dogs, neurogenic atrophy of the levator ani muscles, 
gender-based variations in pelvic muscle anatomy, and gonadal 
hormonal influence are all thought to be factors in the devel¬ 
opment of perineal hernias. 19 The degree of stretching and 
deviation of the rectal wall and the presence or absence of 
abdominal organs in the hernia are all factors that determine 

clinical signs. 

History and Physical Examination 

In more than 90% of affected dogs, perineal swelling and 
tenesmus are the most common clinical signs 151819 ; however, 
constipation, dyschezia, and hematochezia are also reported. 
Dysuria and stranguria accompany the signs of rectoanal dis¬ 
ease if the bladder is retro flexed and trapped in the ischiorec¬ 
tal fossa. With longstanding bladder entrapment, azotemia 
and signs of renal failure (e + g, p anorexia, vomiting) also occur. 
Less commonly, persistent dribbling of urine or other signs of 
urinary incontinence may be present instead of signs of uri¬ 
nary obstruction. In cats with perineal herniation, concurrent 


17 


Both conditions are typically associated with inflammatory 
diseases of the colon or anorectum; they result in increased 
frequency and urgency of defecation and straining during 
defecation (Box 224-1 ), u Because many owners may confuse 
the signs of dyschezia and tenesmus, it is often necessary to 
observe the animal during the act of defecation. Furthermore, 
owners often are unable to determine whether straining is asso¬ 
ciated with defecation or urination, therefore urogenital disease 
must be considered until the clinical signs can be localized. 

In most cases of anorectal disease, routine hematology and 
biochemical tests are seldom helpful for identifying a specific 
diagnosis. However, they are important in the identification of 
concurrent or complicating conditions that may influence fur¬ 
ther diagnostic tests or therapy, especially in older animals. In 
any animal with an abnormal fecal stream, multiple fecal 
flotations, cytologic examination of feces, and specific tests for 
infectious causes of G1 disease (e.g., enzyme-linked immunosor¬ 
bent assay [ELISA] for clostridial toxin, Giardia spp., Cryp¬ 
tosporidia, and viruses) are strongly recommended. The most 
common parasitic cause of tenesmus and hematochezia in 
dogs is Trichum vulpis (whipworm) infection, and because of 
the pattern of intermittent shedding, empirical anthelmintic 
therapy is recommended even in the absence of identification 

of ova in fe ces. 

In dogs and cats with acute onset of hematochezia and 
tenesmus, dietary therapy using high-fiber diets is a reasonable 
initial therapeutic approach. If further diagnostic evaluation is 
deemed necessary, specific imaging techniques directed 
toward assessment of die anorectum are indicated Imaging of 
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the benefits of castration have not been demonstrated, a find- 
ing illustrated by a retrospective study in which 19 of 20 cats 
with perineal hernias had been either castrated or spayed- 

Aside from anatomic and hormonal theories, another 
factor considered important in disease development is damage 
to the pudendal nerve or to the first, second, or third sacral 
nerves, which results in neurogenic atrophy of the levator ani 
muscles, 23 However, it is not known whether damage pre¬ 
cedes development or occurs as a result of the hernia. 

In addition to primary predisposing factors, perineal her¬ 
nias in dogs may occur secondary to persistent tenesmus and 
constipation, which results in muscular weakness in the pelvic 
floor 3 516 or may occur as a result of severe prostatic disease or 
paraprostatic cysts. 24 In cats, perineal hernias most commonly 
occur secondary to constipation resulting from megacolon, 17 
Other factors associated with perineal hernias in cats are peri¬ 
anal masses, chronic fibrosing colitis, and previous perineal 
urethrostomy. 17 


17 




Therapy 


Definitive surgical repair (perineal herniorrhaphy) is the 
treatment of choice in most instances. The primary aim of the 
surgical repair is to replace muscular support of the pelvic 
diaphragm. Preoperative preparations may include preanes¬ 
thetic blood work, electrocardiography, abdominal ultrasound, 
and chest radiographs if indicated to rule out complicating fac¬ 
tors for anesthesia or secondary causes of hernia formation. 
Stool softeners (e.g., lactulose) and a highly digestible diet 
(i.e,, to reduce fecal volume) should be initiated several days 
before surgery, 19 If the bladder is retroflexed and trapped 
within the hernia, catheterization should be attempted imme¬ 
diately. If this is unsuccessful, the bladder should be emptied 
by cystocentesis; then, with the bladder decompressed, the 
hernia is reduced and the bladder is pushed back into the 
abdominal cavity if possible. 

Regardless of whether the bladder is properly repositioned, 
a transurethral Foley urinary catheter should be placed and a 
dosed collection system should be attached until surgery can 
be performed. Urine cultures should be obtained and appro¬ 
priate antibiotics administered for all animals with perineal 
hernia involving bladder entrapment. Preoperative antibiotics 
(e,g., cefoxitin used as a single agent) are recommended for 
protection against contamination by enteric coliforms. 

Several techniques for perineal hernia repair have been 
reported, including standard herniorrhaphy, transposition of 
the superficial gluteal muscle, an internal obturator transposi¬ 
tion technique, a combination of the gluteal and obturator 
muscle transpositions, and a special technique in which small 
intestinal submucosa is used to repair the defect. 19 ^- 2B The 
reader is referred to a surgical text for a detailed description 
of the specific surgical techniques used in herniorrhaphy. 
Traditional hernia repair involves closure of the triangular area 
formed by the external anal sphincter, levator ani, coccygeus, 
and obturator muscles. However, with this method of repair, 
the rate of hernia recurrence is high (10% to 45%), and post¬ 
operative complications are common. 

The current standard for repair is the obturator transposi¬ 
tion technique because of its much lower rate of recurrence 
and lower complication rate. The use of porcine small intesti¬ 
nal submucosa as a biomaterial for perineal herniorrhaphy is 
relatively new and has shown promise both as a primary means 
of repair and as an augmentation technique when the internal 

obturator muscle is weak or when a salvage procedure is 
required. 1329 Other surgical procedures that may be required 
in the repair of this disorder include repair of diverticuli or 
rectal deviations, removal of prostatic cysts and, in cats w r ith 
megacoton, a subtotal colectomy. Castration is recommended 
but is not an essential aspect of treatment, especially if the 
length of the procedure increases the risk lor an older dog 


Figure 224-3 Perineal swelling in an 8-year-old dog with 

perineal hernia. 


severe obstipation or meg a col on is the most common predis¬ 
posing Factor. 17 The physical examination often reveals a visible 
perineal swelling or a reducible perineal swelling (Figure 224-3). 
External palpation of a defect in the musculature just lateral 
to the external anal sphincter is often sufficient for confirma¬ 
tion of the hernia. However, in some pets the hernia is palpated 
rectally only as a defect in the pelvic diaphragm. A digital 
examination can also be performed to detect any other rectal 
wall abnormalities (e.g,, deviation, sacculation, or diverticulum). 
In general, the combination of historical and physical exami¬ 
nation findings is sufficient to confirm the diagnosis of per¬ 
ineal hernia. Further evaluation, either with ultrasonography 
or contrast studies, may be necessary to determine the extent 
of hernia contents (e.g., the presence of intestine, bladder, or 
prostate) prior to repair. The major differential diagnoses are 
rectal diverticulum, neoplasia, prostatic or paraprostatic cyst, 
and seroma/hematoma. 


Pa th ogen esis 

The pathogenesis of perineal hernias is not completely under¬ 
stood. Because most patients are older male dogs, gonadal hor¬ 
monal influences have been strongly suggested. The evidence 
supporting this idea derives from the fact that castrated dogs 
are rarely affected with perineal hernia; however, no differ¬ 
ence in the levels of testosterone and estrogen 17-beta have 
been found between normal dogs and dogs with perineal 
hernia. 20 Some have suggested that, rather than hormone con¬ 
centrations, the number or affinity of hormone receptors may 
be the important factor in the development of perianal 
muscle weakness. 21 Another potential factor is that in male 
dogs, the levator ani muscles are weaker and thinner and have 
a weaker attachment to the external anal sphincter. 19 22 ' 23 The 
fact that brachycephalic breeds (e.g,, Boston terrier, boxer, 
Welsh corgi, and Pekinese) appear to be predisposed to the 
development ol perineal hernias suggests that an anatomic or 
breed-specific defect is important. 11 * Evidence against a strictly 
hormonal cause Jor hernia development is the fact that in Lais, 
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present, colonic distention may be detected on abdominal 
palpation due to persistent constipation or incomplete evacu¬ 
ation of the bowel. Conversely, in animals with persistent 

straining, rectal prolapse may occur 

Diagnosis 

Palpation of a rectal mass or 
cat with a typical signalment and clinical signs is often sug¬ 
gestive; however, biopsy of the affected tissue, either using 
proctoscopy or by direct visualization, is necessary to make 
the definitive diagnosis. In most cases a mucosal tissue biopsy 
is adequate for analysis; however, in some submucosal tumors 
(e.g., lymphosarcoma, leiomyosarcoma), an excisional biopsy 
or collection of deeper tissues is required, Radiography and 
ultrasound examination ol the region and drainage of lymph 
nodes are very helpful for defining the depth of the lesion and 

staging the extent of metastasis. 


highly digestible (low residue) diet and 


After surgery, 

stool softeners should be provided indefinitely to prevent 
straining and recurrence. Local perineal swelling is common 
and resolves with application of hot compresses. In dogs for 
which surgical repair is not possible, the treatment approach 

reduce fecal volume, impaction, and straining by feeding 
a low-residue diet and administering stool softeners, laxatives 
(e.g., lactulose), and enemas as needed. In most cases, dietary 
and conservative management of hernias is not rewarding in 

the long term. 


is to 


annular ring stricture in a dog or 


Progn o s is 

In general, the prognosis for long-term repair of perineal her¬ 
nias is guarded. The rates of recurrence are related to the type 
of surgical repair done and the skill of the surgeon. Most 
geons agree that the obturator transposition technique, com¬ 
bined with one of the other approaches, is the best surgical 
option currently available. L9,2S2 ® However, the more severe 
the preoperative clinical signs, the longer the signs have been 
present, and the existence of bilateral involvement all increase 
the likelihood of a higher recurrence rate, regardless of the 
technique used. Other postoperative complications include 
infection, seroma or hematoma formation, fecal incontinence, 
rectal prolapse (especially if a bilateral repair is required), sci¬ 
atic nerve paralysis or sciatic pain, and urinary complications, 
including incontinence or obstruction (caused by sutures in or 
scarring of the urethra}* 18 - 19 

Rectal Tumors 

Tumors of the intestine, which are uncommon in dogs and 
cats, represent fewer than 1% oi all malignancies reported. 

In dogs, rectal or colonic adenocarcinoma is the most common 
malignant intestinal tumor, whereas adenomatous polyps of 
the rectum are the most common benign tumor, 29 Lymphoma 
is the most common intestinal tumor of cats, and although it 
occurs more frequently in the small intestine, colorectal lym¬ 
phoma is the most common large bowel tumor of cats. 29 
Lymphosarcoma of the rectum is less common in dogs than in 
cats, but it is more prevalent than colonic lymphosarcoma. 
Siamese cats are reported to have a higher incidence of intesti¬ 
nal (including colonic) adenocarcinoma, but in one study, 
domestic shorthair cats had a higher frequency of rectal ade¬ 
nocarcinoma than Siamese cats, 293(1 Other rectal tumor types 
that have been reported include leiomyoma, leiomyosarcoma, 
’plasmacytoma, and fibrosarcoma. 29 33 Polyps that occur in the 
rectum are generally focal, pedunculated, or sessile and rarely 
metastasize, although they can in some instances invade 
locally into the lamina propria and submucosaT 29,34 In dogs, 
locally invasive polyps, although histologically benign, are 

referred to as carcinoma in sifw, 29 
History and Physical Examination 

The signalment of dogs and cats affected with rectal tumors is 
typical in that older dogs (mean, 9 years of age) and cats 
(mean, 10 years of age) are more likely to be affected. 29 In 
dogs the incidence is higher in males, whereas in cats the 
opposite is true. 29,35 Breeds predisposed to the development 
of intestinal cancers include boxers, collies, and German shep¬ 
herds, and this appears to be true for rectal tumors as well, 29 
The clinical signs seen in animals with rectal tumors include 
hematochezia, mucoid feces, tenesmus, and dyschezia of vary¬ 
ing severity. Other clinical signs may be observed (e.g.j weight 
loss, inappetence), depending on the tumor type, location, and 

behavior. 

A digital rectal examination may reveal a prominent mucosal 
narrowing of the rectal lumen, pain during the 
nation, or blood on the gloved finger. Rectal adenocarcinomas 
may have either a prominent mass or a stenotic annular ring 
lesion that encircles the rectum, 11 significant obstruction is 


sur- 


Therapy 

For all tumors of the rectum except lymphosarcoma, surgical 
excision of the cancer is the recommended initial course of 
action, because this provides patient relief and debulks the 
tumor mass. 1935 For dogs with rectal lymphosarcoma, treat¬ 
ment with standard chemotherapy protocols is initiated 
unless a mass is obstructing the rectum and debufking is 


29 


necessary. 

Radiation therapy, cryosurgery, and laser therapy have all 
been used to treat colorectal tumors after surgical excision, with 
variable success. 36 ^ 39 Electrosurgery or cryosurgery is recom¬ 
mended for dogs with non annular masses or polyps that can be 
sily prolapsed. Full-thickness resection of annular rectal can- 

be attempted, but wound dehiscence, infection, rectal 
stricture, and fecal incontinence are common complications. 

More recently, local excision combined with cryosurgery 
has been used to extend the life of affected dogs significantly; 
however, the complication rate (e,g., for strictures, prolapse, 
and perineal hernia) is stiO high (82%), 3 * As 
high-dose radiotherapy has been reported to be 
form of treatment for distal recta] adenocarcinomas that can 
be completely prolapsed through the anal opening. Polyps and 
carcinoma in situ are generally easily excised or treated with 
cryosurgery or electrocautery, with good to excellent postsur- 
gical results and few recurrences, 29,34 Preliminary work sug¬ 
gests that treatment of dogs with rectal tuhulopapillary polyps 
using piroxicam is also effective. 40 
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Prognosis 

The prognosis for rectal polyps, carcinoma in situ, leiomyoma, 
and fibroma is generally good; postoperative complications 
few, and the recurrence rate is low. Adenocarcinoma, lym¬ 
phosarcoma, and plasmacytomas all tend to recur, and 
because of their aggressive nature, treatment with surgery or 
other means may lead to secondary complications. 29 Annular 
colorectal adenocarcinoma is a particularly aggressive tumor 
and is often associated with a very poor prognosis (e.g., mean 
survival of 1 to 2 months) because of the complications of 
treatment, secondary effects (e g., constipation), and recur¬ 
rence (e g., due to difficulty in removing all of the tumor). 2g - 39 

Rectal Prolapse 

Rectal prolapse is defined as eversion or prolapse of the rectum 
through the anal opening. A prolapse can be partial 
plete; a partial prolapse involves a protrusion of the rectal 
mucosa, whereas a complete prolapse involves the entire 
rectum and may include part of the anus as well. 

History? and Physical Examination 

Rectal prolapse shows no breed, age. or gender predisposition 
in dogs or cats. However, it is more prevalent in young animals 
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With typ hi litis or proctitis secondary to endoparasites, 1 Manx 
cats with neurologic dysfunction of the anorectum also appear 
to have a higher predilection for the condition, 19 Other fac- 
tors that increase tenesmus and are associated with 
increased risk of rectal prolapse include rectal polyps 
plasia, rectal deviation, dystocia, urolithiasis, prostatic disease, 

and colonic or rectal foreign bodies. 1 19 41 Rectal prolapse has 
also been reported as a 


whereas a rectal prolapse is not associated with systemic signs. 
Anal prolapse must also be distinguished from rectal prolapse; 
however, in most cases anal prolapse is not associated with a 
large amount of protruding mucosa and may appear to worsen 
after defecation. Most cases of anal prolapse are self-limiting 
and temporary, and the condition frequently occurs secondary 
to repair of a perianal hernia. 

Pa th ogenes is 

Dyschezia and tenesmus are common signs of rettoanal dis¬ 
ease, yet concurrent development of rectal prolapse is uncom¬ 
mon. This suggests that an individual predisposition probably 
contributes to the development of a prolapse; such predispo¬ 
sitions may include weakness of the perirectal and perianal 
connective tissues or musculature or uncoordinated peristaltic 
contractions of the rectum in association with rectal or anal 
inflammation. 1 - 43 However, no carefully conducted studies have 
been done that further evaluate these possible connections. 


an 


or neo¬ 


sequela of perineal urethrostomy in 
the cat 42 The diagnosis is made by finding the everted, ede¬ 
matous, and hyperemic prolapsed rectal tissue. In longstand¬ 
ing cases of rectal prolapse, the tissues may be ulcerated and 
necrotic. A complete rectal prolapse typically appears as a 
cylindrical mass with a depression at the end, which repre¬ 
sents the bowel lumen. The mass usually is sensitive or painful 

to the touch [Figure 224-4)* 


Diagnosis 

Although a diagnosis of rectal prolapse is made by finding the 
everted rectal tissue on physical examination, the condition 
must be distinguished from a small or large intestinal intus¬ 
susception, which can cause similar presenting signs and 
have a similar physical appearance. The easiest way to differ¬ 
entiate the two is to pass a well-lubricated, blunt probe 
between the rectal wall and the prolapsed tissue. With a rectal 
prolapse, the probe cannot pass between the tissues because the 
everted recta] tissue converges with the mucocutaneous j 
tion of the anus. 1 - 114 Intussusception is also typically associated 
with signs of intestinal obstruction [e.g., vomiting, anorexia), 


Therapy 

The first goal of treatment is to identify and eliminate, if 
possible, any underlying causes of the prolapse. If the pro¬ 
lapsed tissue is healthy and the amount of exposed 
is minimal, a conservative treatment approach can be used. 
This technique involves rehydrating the tissue with 
isotonic saline solution, followed by application of a water- 
soluble gel lubricant, gentle massage and manipulation to 
reduce edema, and gentle but immediate attempts to reduce 
the prolapsed tissue. If this regimen is successful, a loose 
purse-string perianal suture (enough to allow passage of soft 
feces) is placed to prevent recurrence. Postoperative straining 
be prevented by administration of a narcotic epidural or 
topical anesthetic drops. Adjunctive therapy includes feeding 
a highly digestible diet and administration of a stool softener 
or laxative for 2 to 3 weeks. The purse-string suture can be 
removed in 2 to 3 weeks, once the underlying problem has 

been corrected. 
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If conservative therapy fails, a colopexy procedure, to fix 
the rectum and colon in place, is indicated, 43 - 44 This procedure 
places a slight amount of cranial traction 


on the descending 

colon, because four to six nonabsorbable mattress sutures 
placed in the descending colon, which is attached to the left 
abdominal wall. If the rectal or colonic tissue is devitalized, 
lacerated, or irreducible, it must be amputated in conjunction 
with a full-thickness anastomosis of the remaining rectal 
segments. 43 44 Postoperative management of these animals is 
the same as the conservative management of rectal prolapse: 
a purse-string suture is placed to reduce the possibility of 
recurrence, a low-residue diet is fed to reduce stool volume, 
and stool softeners are given for 2 to 3 weeks to keep feces 
soft and able to pass through the purse-string opening. 


are 






Prognosis 

The prognosis for the first rectal prolapse episode or for ani¬ 
mals with a partial prolapse is generally good. Animals with a 
complete prolapse or recurrence after conservative therapy 
often require a colopexy and have a guarded to good long¬ 
term prognosis. The prognosis for patients that require ampu¬ 
tation of the prolapsed tissue is more guarded because of the 
technical demands of the surgery, the great potential for leak¬ 
age and infection during the postoperative period, and the 
increased risk of development of a rectal stricture. 14 ' 43 

Rectal or Anal Stricture 

Rectal or anal strictures cause narrowing of the lumen due 
to scar tissue that forms as a result of rectal inflammation, 
rectal trauma (from injury or surgery), or proliferative 
plastic disease in the rectum, The clinical picture [e.g 
pation, dyschezia, and, ultimately, vomiting or anorexia) 
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Figure 224-4 Complete rectal prolapse m a cat with colorectal 
adenocarcinoma and severe tenesmus. 
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indistinguishable from that presented by extraluminal nar¬ 
rowing ol the colon due to neoplasia, prostatic disease, or 
pelvic fracture. 

History and Physical Examination 

The typical history' is an older dog that has chronic constipa¬ 
tion or progressively more difficulty defecating Affected dogs 
have persistent tenesmus, prolonged posturing to defecate, 
and frequent attempts to defecate, with on.y a narrow ribbon 

of feces or no feces produced. 14 If concurrent colorectal 
inflammatory or neoplastic disease is present, hematochezia, 
mucoid feces, or diarrhea may be observed. As the duration 
and seventy of the obstruction worsen, other systemic signs 
may be observed (e.g., lethargy, anorexia, vomiting, weight 
loss). Several conditions can predispose dogs to the develop¬ 
ment of a rectal stricture, including recent rectal or anal 
surgery, chronic rectal or anal inflammation, rectal neoplasia, 
and ingestion of foreign material that causes rectal trauma as 
it is passed. 

Digital rectal examination is sufficient to identify a narrow 
and often very tight rectal or anal opening (Figure 224-5). 
Benign strictures are firm, thick, annular fibrotic bands that 
must be differentiated from neoplastic strictures, which tend to 

be asymmetric, masslike formations. However, annular rectal 

adenocarcinoma cannot be distinguished from a benign fibrotic 
stricture by palpation alone. The only other physical abnor¬ 
mality found in dogs with rectal stricture is an enlarged colon 
with hard or impacted feces. 

Diagnosis 

In most dogs, the history and physical examination are suffi¬ 
cient to identify a stricture. The key aspect of diagnosis is 
determining whether the stricture is malignant or benign. 
Radiographs and ultrasound scans of the abdomen and pelvis 
are important, because they rule out other causes of constipa¬ 
tion/obstipation, such as pelvic fractures, prostatomegaly, and 
abdominal masses that affect the colon or sublumbar lym- 
phadenopathy. Contrast radiography is not usually necessary 
to make a diagnosis of stricture, but it may be helpful for 
determining the extent of the stricture if the opening is too 
narrow for physical analysis. Rectal probe ultrasonography can 
be used to determine the extent of rectal involvement or to 
detect other lesions. Ultimately, however, biopsy is necessary 
to determine whether the lesion is benign or malignant. 
Biopsy of tissue can be obtained through rigid proctoscopy, 
flexible endoscopy, or direct visualization by prolapse of the 
affected rectal tissues. A major limitation on the use of either 


a rigid or a flexible scope to obtain biopsy specimens is that 

passage of the scope and distention of the rectum (for visual¬ 
ization) often is impossible. In such cases, direct prolapse or 
surgical biopsies must be obtained. 


Therapy 


Previously, rectal strictures were managed by surgical tech¬ 
niques, such as rectal pull-through or rectal myotomy proce¬ 
dures. 14 More recently, bougienage and balloon dilatation 
techniques have gained favor, because when performed prop¬ 
erly, they are often successful in dilating the stricture site 
without incurring the severe complications that frequently 
accompany surgical correction (e.g,, fecal incontinence, infec¬ 
tion, dehiscence, or re stricture). 14 To facilitate appropriate 
visualization and comfort for these procedures, the dog or cat 
should be anesthetized, and if possible the procedure should 
be done with endoscopic or fluoroscopic assistance. 

for bougienage of rectal strictures, a metal bougie of increas¬ 
ing size (over several separate but successive procedures) is 
passed into the stricture site and advanced slowly, stretching the 
fibrous tissue without causing significant tearing, which tends to 
increase inflammation and the likelihood of restricture. 


Like esophageal strictures, rectal strictures also can be suc¬ 
cessfully dilated using balloon dilatation techniques, and this 
approach is frequently preferred over bougienage. The diam¬ 
eter of the balloon and the number of dilatations required to 
achieve a sustained opening in the rectal lumen are quite vari¬ 
able, but chronic strictures in larger animals may require sev¬ 
eral procedures to achieve functional success. In general, for 
small dogs (less than 7 kg) and cats, balloons with a diameter 
of 10 to 15 mm are used; for medium-sized dogs, the balloon 
diameter is 20 to 30 mm; and for large dogs (greater than 16 
kg), it is 30 to 40 mm 7 4 These numbers are guidelines, 
because animals with severe rectal strictures may require 
much smaller balloons for the initial procedure to prevent 
excessive tissue tearing. In dogs with recent strictures or those 
without excessive fibrosis, one or two dilatation procedures 4 
to 5 days apart may be all that is required to dilate the 
affected tissue successfully. However, when rectal wall thick¬ 
ening is present or the reduction in the lumen Is greater than 
75%, four to six dilatation procedures may be required to 
achieve functional success. 14 The purpose of performing mul¬ 
tiple procedures several days apart (but no more than 7 days) 
is to increase the diameter of the stricture waist gradually, 
without excessive tearing or inflammation; this gradual 
approach reduces the likelihood of restricture (which tends to 
occur in 7 to 10 days), 14 Careful visualization of the proce¬ 
dure ensures that tearing and hemorrhage are kept to a mini¬ 
mum and reduces the risk of deep tears or significant 
hemorrhage, which increase the likelihood of restricture or 
rectal perforation. Adjunct therapy should include adminis¬ 
tration of broad-spectrum antibiotics, a highly digestible (low- 
residue) diet, and use of lactulose or stool softeners to 
maintain a soft fecal consistency. The use of corticosteroids to 
reduce the occurrence of restricture has not been studied, and 
such therapy should be undertaken cautiously if rectal tears or 
bacterial contamination is suspected. 
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Pro gnos is 

For most benign rectal strictures, the prognosis is guarded to 
fair, because balloon procedures may allow return to near 
normal functionality; however, unless the predisposing cause 
of the stricture is corrected, it is likely to recur. The risk of 
severe complications after balloon procedures is lower than 
for surgical repair techniques, primarily because the risk of 
inducing fecal incontinence is greatly diminished. The prog¬ 
nosis for all neoplastic strictures is poor, owing both to the diF- 

ficu It V in managing the primary problem and to the poor 
response to balloon or other management techniques. 


Figure 224-5 Severe rectal stricture identified on digital rectal 
examination. 
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DISEASES OF THE ANUS 


function for any type of atresia am. This is primarily because 
of the likelihood of injury to the external anal sphincter or its 
innervation during surgical repair. Another common surgical 
complication of this procedure is the development of rectal or 
anal strictures. Also, many affected puppies and kittens have 
concurrent meg a col on, which develops as a result of persistent 
fecal impaction and which may be irreversible, requiring indef¬ 
inite aggressive medical management or a subtotal colectomy. 

Perianal Fistula 

Perianal fistula is a chronic, often debilitating disease of the 
perianal tissues in dogs characterized by one or, more often, 
multiple draining tracts surrounding the anus. Anal furuncu¬ 
losis, an alternate descriptor, is typically a progressive disease 
characterized by ulcerative, painful, malodorous lesions 
resulting from the associated tissue destruction and infection. 
In severe cases, the entire anus is surrounded with ulcerative, 
draining tracts that often lead to fecal incontinence or rectal 
stricture formation [Figure 224-6). The fistulas usually do not 
Involve the anorectal canal directly; however, typical signs 
include self-mutilation, dyschezia, and rectal stenosis, result¬ 
ing in fecal incontinence or constipation. 

History and Physical Examination 

Perianal fistulas occur primarily in older, large breed dogs with 
a broad-based tail and lower tail carriage, which may create 
environment that predisposes these breeds to perianal prob¬ 
lems. The two breeds with the highest incidence of perianal 
fistula are German shepherds and Irish setters, but sheepdogs, 
retrievers, and spaniels also may develop the disorder. 46 ' 49 No 
distinct gender or age predilection appears to exist, but the 
condition is more prevalent in male dogs over 5 years of 
age. 4649 Because of the animal's low tail carriage, the disease 
may not be noticed by the owners until obvious lesions are 
present or the discharge or odor becomes overpowering. The 
only abnormality reported by some owners, especially early in 
the course of the disease, is persistent licking of the anus. 
Other clinical signs that may be reported include hema- 
tochezia, dyschezia, perianal discharge, constipation, and 
tenesmus. In severely affected dogs, anorexia, weight loss, and 
behavioral changes may occur as a result of the discomfort. 

Physical examination may be difficult, if not impossible, 
without sedation because the simple act of having the tail 
lifted is painful to the animal. The examiner may also need to 
clip the hair and cleanse the area to fully assess the extent of 


Atresia Ani 

Atresia ani, a congenital condition that affects the anal open¬ 
ing and rectum, may occur in both puppies and kittens. The 
several anatomic variations of atresia ani have been classified 
as types I through IV, but all generally result in an abnormal 
anal outlet and/or rerouting of feces from the rectum to 
another outlet. 14 45 Pets with type I, or imperforate anus, have 
a membrane over the anal opening, but the rectum ends as a 
blind pouch just cranial to the anal opening. Type II is similar 
to type l, but the rectal pouch ends much more cranial to the 
anal opening. In type III, or rectal atresia, the rectum ends in 
a blind pouch in the abdomen (cranial to the pelvis), and 
the remaining rectum and anus are normal. Type IV, which 
occurs only in females and may occur with or without imper¬ 
forate anus, is characterized by a persistent communication 
between the rectum and vagina (rectovaginal fistula) or urethra 
(rectourethral fistula). 45 

History? and Physical Examination 

The clinical signs are often noticed at w T eaning (4 to 6 weeks) 
or earlier in affected puppies and kittens. In general, types I, 
II, and 111 create similar problems; straining to defecate, 
bulging of the perineum, absence of feces, no visible anal 
opening, abdominal distention with palpable fecal material, 
and abdominal or perineal discomfort. 14 Initially, the puppy or 
kitten eats and appears to grow, but with increasing fecal dis¬ 
tention of the colon, lethargy or restlessness, loss of appetite, 
and vomiting are noted. Type IV often is associated with 
tenesmus but is characterized by the passage of small amounts 
of watery feces via the vagina or urethra, with associated 
peri vulvar erythema and infection. 

Diagnosis 

The diagnosis is based on finding the typical physical abnor¬ 
malities in a puppy or kitten of appropriate age that has 
current history of tenesmus or lack of ability to defecate 
normally. For type I or II atresia ani, absence of an anal open¬ 
ing is diagnostic. In type III, radiography or ultrasonography 
may be helpful for defining the end of the rectal pouch, fn 
type IV, the presence of fecal material exiting through the 
vaginal opening is suggestive. 

Another congenital anomaly that may occur in dogs and 
cats and that can be confused with atresia ani is anogenital 
cleft. This condition occurs in females and is characterized by 
continuity of the mucosa of the anus, rectum, and vagina along 
the perineal midline, 45 A similar anomaly can occur in male cats 
resulting from a rectourethral cleft, which is a communication 
that allows a common opening for the rectum and urethra. 


an 


a con- 


Therapy 


The only treatment available is surgical correction, which- 

require staged procedures, depending on the type of anomaly 
present. Type 1 atresia ani is the simplest to correct, because 
opening of the anus and ballooning of the stricture may be all 
that is required in some animals. In animals for which this 
procedure is unsuccessful, the stenotic segment often must be 
surgically removed. Types II and III require significant and 
technically demanding surgical procedures to return function¬ 
ality. In all three circumstances, fecal incontinence is a major 
and often life-threatening complication. Type IV lesions 
require technically demanding surgery to close the rectal, 
vaginal, and urethral defects. 


may 


Prognosis 

Regardless of the anomaly, young and weak puppies or kittens 
often do not survive the procedure; In addition, the prognosis 
u guarded to poor ior complete return oi normal anal or rectal 


Fiaure 224-6 Severe fistulating and ulcerative perianal fistula 
in a German shepherd. 











* Rectoana! Disease 


CHAPTER 224 


1417 


the perianal involvement. Visual inspection reveals multiple, 
ulcerated, draining tracts that extend into the tissues sur¬ 
rounding the anus. The lesions are often extremely malodor¬ 
ous and, in outdoor dogs, may contain fly maggots. Rectal 
strictures, abnormal anal tone, or granulomatous rectal 
mucosa may be found during a digital rectal examination. In 
addition, in some dogs with perianal fistulas, the anal sacs are 
involved in the fistulation, which may result in anal sac 
obstruction or abscessation. 


ketoconazole to cyclosporine therapy proved helpful by 
allowing a dramatic reduction in the cyclosporine dose (by 
80% to 90% in all dogs). 5054 In most dogs, antibacterial ther¬ 
apy with a first-generation cephalosporin is used to control 
bacteria typically associated with infections of the skin (e.g,, 
staphylococcii,The use ot novel antigen diets in the manage¬ 
ment ol perianal fistulas in dogs has not been evaluated in a 
controlled setting, therefore the effectiveness of this aspect of 
therapy is unknown; however, in one study the use of these 
diets was helpful. 48 

for dogs with severe perianal fistulas or those who do not 
respond to medical management alone, surgical or laser surgi¬ 
cal excision of the affected tissue is recommended, A variety 
of surgical procedures may be necessary, including deroofing 
(removing the skin covering the fistulous tract) followed by 
electrofulguration (or electrocoagulation), anal sacculectomy, 
excision or debridement of diseased tissue, rectal pull-through 
procedures when rectal strictures are involved and, in some 
cases, tail amputation. 46 ' 49 55 Carbon dioxide (CO?) laser ther¬ 
apy may be a very effective means of debridement for dogs 
requiring surgical therapy, because the laser reduces bleeding, 

pain and postsurgical swelling. 37 
Prognosis 

The overall prognosis is guarded in dogs with a perianal fis¬ 
tula, even though most methods, whether medical or surgical, 
have met with some degree of success. The most common 
complications of surgical approaches are fecal incontinence, 
rectal stricture, and recurrence. Therefore medical therapy 
with prednisone and cyclosporine should be used as the first- 
line approach in the majority of dogs, with surgical palliation 
kept a last resort. 


Diagnosis 

A diagnosis of perianal fistula is usually made based on the 
combination of typical signalment and history and physical 
examination findings. Important differentials for this condi¬ 
tion include chronic anal sac ahscessation with secondary fis¬ 
tulas, aggressive perianal tumors (e.g,, adenocarcinoma), 
caustic injury, and untreated dog bite wounds, 14 A digital 
rectal examination and probing of the extent of the lesions 
while the dog is under general anesthesia confirms the diag¬ 
nosis. Because German shepherds are predisposed to this con¬ 
dition and often have other concurrent colonic or rectal 
abnormalities, a proctoscopic or colonoscopic examination is 
also recommended, 48 


Pathogenes is 

The factor long considered to be the most important contribu¬ 
tor to formation of perianal fistulas is anatomic predisposition, 
including (1) a broad-based tail (e.g. r German shepherds), 
2) low tail carriage (e,g., Irish setters), and (3) increased den¬ 
sity of apocrine sweat glands in the zona cutanea. 47 - 49 More 
recently, an immune-mediated basis for the disease has been 
suggested by clinical trials, which have demonstrated a posi¬ 
tive response to prednisone therapy in affected German shep¬ 
herds. 48 This proposed etiology is further supported by the 
positive response to treatment seen in clinical trials using aza- 
thioprine, cyclosporine, and tacrolimus, 50-54 In humans, food 
allergy is believed to be a component of the development of 
perianal fistulas; although this has not been proved in dogs, it 
may also be a contributing factor in this species. The develop¬ 
ment and pathogenesis of perianal fistulas likely constitute a 
multistage process, in which an inflammatory condition sets 
the stage (e.g., immune-mediated, allergic, or anatomic 
causes) and is followed by the development of a secondary 
bacterial infection that results in severe epidermal ulceration 
and necrosis. 
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DISEASES OF THE ANAL SACS 


Impaction, Anal Sacculitis, and Abscessation 

Several common infectious or inflammatory diseases affect 
the anal sacs, including anal sac impaction, anal sacculitis, 
and abscessation of the anal sacs. These diseases are more 
common in dogs than cats, affecting up to 12% of the canine 
population. 

History? and Physical Examination 

The most common clinical signs of anal sac disease are anal 
pruritus or pain, which elicits licking or biting at the tail or 
anal region, "Tail chasing' 1 behavior, scooting or rubbing of the 
anus on the ground, and reluctance to sit or discomfort when 
sitting. 14 57 In more severely affected dogs, pain may cause 
dyschezia, tenesmus, or reluctance to defecate. Dogs with 
longstanding anal sac disease may develop large swellings in 
the area over the anal sac, and if the abscessed sac ruptures, a 
draining fistula will extend from the affected anal sac. 

External or internal digital palpation of the anal sacs may 
be required in some cases to detect diseased or impacted anal 
sacs. Normal anal sac secretions are liquid, brown, and foul 
smelling but easily expressed from the sac through the ducts 
to their openings on the anus. 57 58 In dogs with anal sac 
impaction, the material often becomes pasty or even dried 
and may be difficult to express without causing the animal 
pain.The material present in infected or abscessed anal sacs is 
often thicker, may be purulent or bloody, and frequently is 

very malodorous. 

Diagnosis 

In most pets the history of anal pruritus, along with visual 
inspection of a perianal swelling at either the A to 5 o'clock or 
the 7 to 8 o'clock position lateral to the anus, is highly sug¬ 
gestive. In the absence of significant visible external swelling 
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Therapy 


The two basic approaches that have been used in the man¬ 
agement of perianal fistulas are medical management and sur¬ 
gical excision. In many cases, medical management alone ts 
sufficient for control; however, in severe cases, a combination 
of medical and surgical treatment often is necessary. Recently, 
laser surgical excision has met with some success in a limited 
number of cases; however, as with surgical approaches, fecal 
incontinence is a potential complication. 

Medical management of perianal fistulas has four compo¬ 
nents: (1) removal of perineal hair and tissue cleansing, 
(2) immunosuppressive therapy, (3) antibacterial therapy, and 
(4) dietary therapy. 19 In one study, a combination of high-dose 
prednisone (2,2 mg/kg POZ) and dietary therapy using novel 

antigen diets resulted in complete resolution of signs in one 
third of the dogs, improvement in another third, and no 
change in the remaining one third. 48 More recently, immuno¬ 
suppressive therapy with azathioprine (50 mg/kg every 
24 hours PO) or cyclosporine (1 mg/kg every 12 hours PO) 
has proved effective in controlling (90% had complete resolu¬ 
tion within 2 weeks, 50% had no recurrence in 12 months) or 

reducing disease, whether used alone or in combination with 

surgical therapv 
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a digital rectal examination is sufficient to confirm anal 
involvement. Some dogs and all cats require sedation for safe 
performance of a rectal examination because of the 


fecal incontinence, A recent retrospective report revealed that 

closed anal sacculectomy procedures were 13 times less likely 

to have postoperative complications compared with open 

techniques, 60 which makes the closed approach considerably 
more viable, 

Prognos is 

The prognosis for anal sac impactions and anal sacculitis is 
generally good, because these cases typically respond 
pletely to conservative medical management. Most dogs and 
cats with anal sac abscesses also respond well to aggressive 
medical management of the infection; however, because these 
conditions may be more difficult to treat or may recur, surgical 
anal sac removal may be required. The prognosis for animals 
requiring anal sacculectomy is guarded to good, depending 
the technique used and the surgeon's skill. The primary risk 
post operatively is the development of fecal incontinence, 

especially in older dogs that have reduced anal sphincter tone 
or function. 

Anal Sac, Anal, and Perianal Tumors 

Tumors of the anus and perianal integument are relatively 
uncommon in dogs, and their clinical importance can vary 
widely. These tumors can range from the benign perianal 
gland adenoma of older intact male dogs to the malignant 
perianal gland adenocarcinoma that is most common in older 
intact or spayed female dogs. 6364 Anal sac adenocarcinomas 
and perianal gland tumors are reported primarily in dogs, 
although a Siamese cat with an anal sac adenocarcinoma 
recently was reported. 65 Other anal and perianal tumors 
occur in cats and dogs but are extremely uncommon. These 
tumors include perianal adenocarcinoma, squamous cell car¬ 
cinoma, and melanoma. 6 * Large breed dogs, especially German 
shepherds and Alaskan huskies, appear to be predisposed to 
the development of perianal adenocarcinomas. 64 

History and Physical Examination 

The typical history of a dog with an anal sac adenocarcinoma 
is an older (greater than 10 years) female dog with dyschezia 
perineal swelling. However, male dogs are occasionally 
affected, and the tumor can occur in younger dogs without an 
identifiable external swelling. This aspect of the disease illus¬ 
trates the importance of a digital rectal examination as part of 
a complete physical examination, even in female dogs without 
clinical signs of tenesmus, dyschezia, or hematochezia. In dogs 
with paraneoplastic hypercalcemia of malignancy, a common 
complication of this tumor, the owner may also note polyuria, 
polydipsia, muscle weakness, or vomiting. Tumors of the anal 
sac are detected by careful palpation of the anal sac and its 
associated structures. Most of these tumors are unilateral, and 
they may be quite small (0.2 to 1 cm), which is why the 
examination must be performed carefully. 6 * With few excep¬ 
tions, these tumors, regardless of their size, have metastasized 
to the external iliac (sublumbar) lymph nodes by the time 
of the examination. 66 Other sites of metastasis include the 
1 iver, spleen, abdominal lymph nodes, and lungs. Most hyper- 
calcemic animals become systemically ill, which suggests 
the need for a complete hematologic and biochemical evalu¬ 
ation; however, all hyperca 1 cemic animals should have a 
thorough digital rectal examination initially to rule out anal 

sac adenocarcinoma. 

The benign perianal gland tumors (circumanal gland, 
hepatoid, adenomas) affect all breeds of dogs, but cocker 
spaniels, bulldogs, beagles, and Samoyeds appear to be 
represented, 6 * Because these tumors develop and grow under 
the influence of plasma androgens, more than 85% of them 
are found in older intact male dogs. In most dogs, the tumor 
is visible in the perianal integument, but it can be found in 
a variety ol sites, including the prepuce, inguinal region 


sac 


accompa¬ 
nying discomfort, Impaction of the anal sacs is confirmed by 

removal of thick, pasty anal sac material or by inability to 
empty the sacs easily with appropriate technique. If the anal 
sacs are painful when gently palpated or if the material 
expressed is purulent or a color other than light tan to brown, 
anal sacculitis should be suspected. If doubt exists, a sample of 
the material can be cytologically examined for large numbers 
of neutrophils, bacteria, or yeast (e g,, Malassezia sp.). 58 If the 
anal sac is infected or abscessed, lever may also be present. 
The major differentials in dogs and cats with these clinical 
signs are perianal fistulas, perianal or anal tumors, and bite 
wounds (cats) or other trauma. 


com* 


on 


Pathogenesis 

The most common cause of inflammation or infection of the 

anal sac is obstruction of the ducts, which prevents normal 

(frequent) expulsion of the material and allows bacteria 

mally present (e.g., Escherichia coli t Streptococcus faecalis , and 

Clostridium spp.) to set up a secondary infection, 58 Anatomic 

conformation also may play an important role in the tendency 

to develop anal sacculitis or abscessation; for example, smaller 

than normal ducts or aberrant duct placement on the anus 

decreases effective emptying. Other contributing factors may 

be dogs that produce thicker secretions, the development of 

abnormal anal tone, the production of soft feces, and recent 
estrus in females. 57 ' 59 


nor- 


can 


Th erapy 


Treatment of simple anal sac impaction is straightforward, 
requiring that the anal sacs be emptied by gentle digital 
manipulation. If the sacs cannot be easily or completely emp¬ 
tied, they should be gently flushed with warm saline or min¬ 
eral oil to loosen the concretions and pasty material. Once the 
sacs are empty, an antibiotic and steroid ointment or solution 
can be instilled to reduce local infection and inflammation. 
The sacs should be kept empty for several weeks to prevent 
recurrence or possible abscessation. In dogs with chronic 
impaction, the owners can be taught to express the anal sacs 
at home or, as an alternative, the anal sacs can be surgically 

removed. 


or 


Dogs with anal sacculitis or abscessed anal sacs must also 
have the sacs emptied, but because of the associated discom¬ 
fort, sedation or anesthesia is usually required. In dogs with 
anal sacculitis alone, the sacs should be gently flushed with 
antiseptic solution (e.g., dilute [0.5%] chlorhexidine) and 
antibiotic solution instilled into the sacs. Broad-spectrum oral 
antibiotic therapy is recommended for 10 to 14 days, along 
with application of hot compresses to reduce swelling and pain 
and frequent anal sac expression. In most cases managed this 
way, the infection resolves completely, and further therapy is 
not necessary. However, for dogs that have frequent 
of anal sacculitis, anal sac removal should be considered. 6 ^ 2 
Abscessation of the anal sacs is managed as is other 
abscessed tissue: the abscess must be surgically opened, flushed, 
and debrided. This procedure should be repeated daily for 

2 to 4 days to help keep the area open and draining and to 
help remove any additional material that forms in the sacs. 
A broad-spectrum antibiotic should be administered for 10 to 
14 days. Application of hot compresses several times daily for 

3 to 5 days also helps reduce the swelling and pain. Surgical 
removal of the abscessed anal sac is not recommended unless 
there is recurrence after appropriate treatment. In addition, 
the surgery should not be performed until antibiotic therapy 
has been administered long enough to ensure tissue healing. 
Anal sac removal is recommended when all other options 
lail, primarily because of the risk of complications, especially 


an 


recurrence 


or 


over- 
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ventral tail skin. 64 The tumors are usually firm, single, nodular 
masses of variable size. They can ulcerate, bleed, necrose, or 
cause intense pruritus of the anal region that may lead to dif¬ 
ficulty in defecation, scooting, and other signs of anal disease. 

Diagnosis and Pathophysiology 

Diagnosis of benign perianal tumors is based on the finding of 
a mass in an intact male dog with the typi al signalment and 
history and physical examination findings. The diagnosis is 
confirmed by fine needle aspiration cytology or exd&ional 
biopsy. The main differences between malignant perianal 
tumors and their benign counterparts are that the malignant 
tumors are not influenced by androgens, they behave more 
like anal sac adenocarcinomas (e g., have metastasized by the 
time of diagnosis), and they are difficult to excise completely 
because of their location, rapid spread, and local infiltration. 

A presumptive diagnosis of an anal sac adenocarcinoma, 
based on the history and physical examination findings and 
with or without concurrent hypercalcemia, should be fol¬ 
lowed by histopathologic confirmation. In addition to diagno¬ 
sis of the tumor, the evaluation should include a thorough 
systemic examination, including a complete blood count, 
serum biochemistry profile, urinalysis, and survey radiographs 
of the chest and abdomen to assess for tumor metastasis and 
paraneoplastic effects. Abdominal ultrasonography is also fre¬ 
quently used to assess the size and involvement of abdominal 
lymph nodes or the liver, because metastasis has occurred in 
greater than 50% of affected dogs by the time of diagnosis. 
Humoral hypercalcemia of malignancy is present in 50% to 90% 
of dogs w ith anal sac adenocarcinoma. The molecular basis for 
the development of these anomalies is not completely under¬ 
stood, but the tumor results in expression of a gene for 
parathyroid hormone-related peptide (PTH-rP), which has 
functions similar to that of naturally occurring parathyroid 
hormone. 63 - 64 In some cases, the hypercalcemia may be severe 
enough to lead to multiple organ dysfunction. After complete 
removal of the tumor, hypercalcemia may resolve; however, 
hypercalcemia persists in dogs with metastatic disease or 
incomplete removal of the ana! sac tumor. 

Th erapy a nd Progn OS is 

Castration and removal of the primary tumor by surgical exci¬ 
sion or cryotherapy constitute the treatment of choice for 
perianal gland adenomas. 64 It is a more difficult procedure for 
large' tumors and in those cases is more frequently associated 
with postoperative side effects (e.g., w'ound dehiscence, fecal 
incontinence, and hernia). In general, benign perianal gland 
tumors are slow growing; consequently, they are effectively 
treated w r ith surgical excision, cryosurgery, electrocauterv, and 
laser surgery, and they rarely recur (rate is less than 10%). The 
long-term prognosis is excellent except in cases of large 
tumors that cannot be completely excised. 

Malignant perianal tumors are rapid growing, do not 
regress after castration, and because of their rapid metastasis 
are often not completely removed by surgical excision. For 
both perianal and anal sac adenocarcinomas, aggressive surgi¬ 
cal removal with adequate margins, along with excision of 
regional lymph nodes, is recommended. 64 Despite aggressive 
surgical approaches, a local recurrence rate of 50% is reported 
for female dogs with adenocarcinoma. 64 Some oncologists 
suggest combination therapy, comprising surgical removal fol¬ 
lowed by platinum or doxorubicin chemotherapy to further 
control metastasis and local recurrence. Intraoperative irradia¬ 
tion of regional lymph nodes has proved successful at stop¬ 
ping metastasis in a limited number of cases, 64 

Nevertheless, the average survival of dogs with anal sac 
adenocarcinoma is reported to be 8 months (range, 2 to 39 

weeks ). 1 * 0 - 64 !f the tumor is discovered early, before metastasis, 
and is completely excised, the prognosis is good. The prognosis 


for smaller tumors is slightly better (e g., fair) than for those 
greater than 5 cm, because the surgery is more effective and 
is associated with fewer complications. With large tumors, 
tumors with obvious metastasis, or concurrent hypercalcemia, 
the long-term prognosis is poor {survival rate of less than 40% 
at 1 year). 

Fecal Incontinence 

Fecal incontinence is defined as the inability to control defeca¬ 
tion and retain feces until voluntary, conscious defecation is 
initiated- 1H Animals with fecal incontinence pass feces invol¬ 
untarily and are often euthanized because of the difficult 
social issues that result. Fecal incontinence can be caused by 
neurologic disorders that affect function of the anal sphincter, 
primary disorders of the external anal sphincter (e.g., non- 
neurogenic sphincter disorders), or diseases that affect the 
normal reservoir function of the colon or rectum (e.g 
voir incontinence) (Box 224-2). 14 In general, animals with 
sphincter incontinence have more severe signs (e.g., lack of 


64 


res er- 


Box 


Causes of Fecal Incontinence 


Neurologic Disease 
Sacral spinal cord 
Congenital vertebral malformation 
M e n i n gamy e I ocele 

Sacrococcygeaf hypoplasia of Manx cats 
Sacral fracture 
Sacrococcygeal subluxation 
Lumbosacral instability 
Viral menmgomyelitis 
Discospondylitis 

Degenerative myelopathy 
Neoplasia 

Peripheral neuropathy 
Trauma 

Repair of perineal hernia 
Perianal urethrostomy 
Penetrating wounds 

Dysautonomia 
Hypothyroidism 
Diabetes mellttus 
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Non-Neurologic Disease 

Colorectal causes 

Inflammatory bowel disease 

Neoplasia 

Constipation 

Anorectal causes 
Trauma 

Surgery (anal sac, perinea] hernia, rectal resection) 
Perianal fistula 

Neoplasia 

Miscellaneous causes 
Severe diarrhea 
Irritable bowel syndrome 
Decreased mentation 
Old age 
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Gastrointestinal Disease 


conscious posture to defecate, uncontrolled passage of feces) 
and are likely to be irreversibly affected. Animals with 
inflammatory disease may also have loss of voluntary control 
of defecation as a result of urgency to defecate, tenesmus 
hematochezia, but the problem may resolve with appropriate 
treatment of the disease. 


reflexes and cause a dilated anus, loss of perineal sensation, 
and a loss of micturition control, 67 

Diagnos is 

When loss of colorectal reservoir function is suspected, the 
diagnostic plan should include an examination of the fecal 
stream (e.g., fecal floatation, cytology) and proctoscopy 
colonoscopy with biopsy to identify the primary disease, If 
signs of systemic disease are also detected, further evaluation 
[e g -1 hematology, serum chemistries, radiographs, ultrasonog¬ 
raphy) is warranted as indicated. Sphincter incontinence 
[either neurogenic or non-neurogenic) is usually apparent 
from the history and physical examination. Neurogenic and 
non-neurogenic dysfunction are differentiated by neurologic 
examination, 11 further confirmation is necessary, anal sphinc¬ 
ter electromyography or monometry is used to prove sphincter 
incompetence; however, this is rarely necessary and not uni¬ 
versally available. When lesions of the lumbar spinal cord 
the cauda equina are suspected, vertebral radiographs, myel¬ 
ography, computed tomography, magnetic resonance imaging, 
or cerebral spinal fluid analysis may be indicated. 67 The 
of fecal incontinence are listed in Box 224-2. 

Pathophysiology 

Control of fecal continence is maintained by the muscles of 
internal and external anal sphincters, the rectum, and the 
cygeus and levator ani muscles of the pelvis, which are inner¬ 
vated by the pelvic, hypogastric, pudendal, and sacral 
nerves. 467 Both motor and sensory impulses are integrated 
into the sacral spinal cord to coordinate normal fecal conti¬ 
nence, The non-neurogenic causes of sphincter incontinence 
are usually due to reservoir incontinence (e.g + , colitis, neopla¬ 
sia) or to trauma to the anorectal muscles [e.g., surgery, 
hernia, fistula, neoplasia) (see Box 224-2). 14 


severe 


or 


or 


History* and Physical Examination 

Determination of the cause of fecal incontinence requires 
a careful, complete history. In particular, it is important to 
distinguish fecal incontinence from urgency to defecate. 
Furthermore, the mere presence of fecal material accumulating 
around the anus must be distinguished from lack of ability to 
control the anal sphincter and fecal dribbling. Examples of dis¬ 
eases or circumstances that may damage nerves or muscles and 
lead to fecal incontinence include previous spinal cord disease, 
pelvic trauma, dystocia, chronic constipation, and anorectal 
surgery. 34 Animals with frequent, conscious defecation associ¬ 
ated with normal posturing usually have normal anal sphincter 
and nerve function but may have incontinence as a result of loss 
of reservoir function. The most common causes of reservoir 
dysfunction are inflammatory, infectious, and neoplastk dis¬ 
eases of the colon, rectum, or anus that cause decreased 
pliance and abnormal motility. Severe large bowel diarrhea 
secondary to colonic inflammation can cause fecal incontinence 
for the same reason. In most animals with neurogenic or non- 
neurogenic sphincter incontinence, the fecal stream is normal. 
Furthermore, in animals with neurogenic sphincter inconti¬ 
nence, abnormal micturition often occurs concurrently because 
of the common neural pathways. 4 The urinary abnormalities 
may include dribbling urine, incomplete voiding, or inability to 
void, and when these occur in conjunction with fecal inconti¬ 
nence, neurologic dysfunction should be strongly considered. 

The physical examination should include careful inspection 
of the perineum for evidence of abscesses, fistulas, hernias, 

or other abnormalities. After the visual inspection, a 
digital rectal examination is performed to assess for normal 
anal sphincter tone, fecal impaction, strictures, _ 
Abdominal palpation is necessary to determine the 


or 


causes 


com- 


coc - 


Therapy and Prognosis 

The treatment of fecal incontinence depends entirely on the 
primary cause; for example, loss of reservoir function due to 
colitis often resolves completely with appropriate treatment, 
w r he re as loss of neurologic function is permanent and rarely 
treatable. Some forms of non-neurogenic incontinence are 
transient (e.g., postoperative complication, trauma), and some 
forms of neurogenic incontinence may improve after specific 
treatment (e.g., spinal surgery to reduce compression or sub¬ 
luxation), However, in these 


masses 


or masses. 


presence 

of colonic impaction, as well as bladder size and expressibility. 
A distended, flaccid bladder from which urine is easily 
expressed is consistent with a lesion of the sacral spinal cord, 
the sacral nerves, or the pudendal nerve, 4 A complete neuro¬ 
logic examination, including observation of gait and posture, 
evaluation of myotactic and postural responses, and 
ment of lumbosacral pain, is required in any animal suspected 
of having tecal incontinence. The neurologic deficits that 
be present in dogs with neurogenic sphincter incontinence 
abnormal posture, hindlimb gait abnormalities, decreased 
myotactic reflexes, or an abnormal pudendal (anal) reflex. 67 
The anal reflex, which is a measure of perianal sensation and 
sacral spinal cord function (via the pudendal nerve), is tested 
by pinching the perianal skin, which results in an immediate 
contraction of the anal sphincter. This reflex should be present 
on both the right and left sides of the anus. The pudendal-anal 
reflex (bulbocavemosus reflex) is tested by squeezing the 
penis or vulva while observing for normal anal contraction. 
Lesions of the perineal afferent nerves, the sacral spinal cord, 
or the pudendal efferent nerves can decrease or abolish these 


cases no specific drugs or diets 
are particularly effective. Highly digestible diets may be ben¬ 
eficial, because they reduce the volume of fecal material. 
Enemas and exercise may stimulate defecation at desired 
times and can be used to help control the social unacceptabil¬ 
ity of the problem. 66r A surgical technique using an implanted 
Silastic sling, and placement of an autogenous muscle graft to 
augment the muscles of continence, have been described, but 
the success rates for these procedures are not satisfactory. 69 
Recently, a technique to create a new sphincter using muscle 
transplants has shown promise for providing a functional 
stomal sphincter in dogs with chronic fecal incontinence. 70 
Nevertheless, in many pets euthanasia is chosen because in 
most cases the prognosis is poor for return to normal 
acceptable sphincter function. 
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History, Clinical Signs, and Physical Findings 
in Hepatobiliary Disease 


Cynthia R* L Webster 


he liver plays a central role in a diverse array of processes 
including carbohydrate, lipid, and protein metabolism; 
detoxification of metabolites and xenobiotics; storage of 
vitamins, trace metals, fat and glycogen; fat digestion; and 
immunoregulation. The clinical signs, physical findings, and 
clinicopathologk abnormalities that accompany hepatic dis¬ 
ease reflect deficiencies in these varied functions. The liver, 
however, has a tremendous reserve capacity to perform these 
functions. Thus the appearance of relatively specific signs of 
hepatobiliary disease such as icterus, hypoglycemia, bleeding 
tendencies, hepatic encephalopathy i HE], or ascites, which 
reflect exhaustion of the liver's functional reserves, occur only 
late in disease progression. Early clinical signs of hepatic disease, 
such as intermittent anorexia, polyuria/polydipsia (PU/PD), 
vomiting, and lethargy, mimic those seen with disease in other 
organ systems. In most cases, early detection of hepatobiliary 
disease relies on clinicopathologic evaluation and histopatho¬ 
logic examination of hepatic tissued 

Although most early signs of liver disease are nonspecific, 
several clues should raise one's awareness as to the presence of 
hepatobiliary disease; these include strong breed predisposi¬ 
tions and the occurrence of several clinical recognizable syn¬ 
dromes that accompany hepatobiliary disease, including 
gastrointestinal (GI) ulceration, HE, tissue jaundice, coagu¬ 
lopathies, and ascites. 

Several breed predispositions occur in hepatobiliary disease. 
Congenital portosystemic vascular anomalies (PSVASs) are 
most frequent in purebred dogs particularly Irish wolfhounds, 
Australian cattle dogs, Maltese terriers. Cairn terriers, minia¬ 
ture schnauzers, Yorkshire terriers, dachshunds, Labrador 
retrievers, and golden retrievers. Feline PSVASs occur most 
often in mixed breed cats, but Persians and Himalayans are 
over-represented, Bedlington terriers have a congenital abnor¬ 
mality in hepatic copper metabolism that results in hepatic 
copper overload and subsequent development of chronic 
inflammatory' hepatobiliary disease. Less well-defined copper- 
associated hepatopathies occur in West Highland white terriers, 
dalmatians, Skye terriers, and Siamese cats. Several breeds 
have a predisposition to develop idiopathic chronic inflam¬ 
matory hepatobiliary disease, including Doberman pinschers, 
American and English cocker spaniels, standard poodles, and 
Labrador retrievers. Hepatic amyloidosis occurs in Chinese 
Shar Pei dogs and in Abyssinian, Oriental, and Siamese cats. 

Historical findings that suggest the presence of hepatobil¬ 
iary disease include recent ingestion of a known hepatotoxic 
substance or treatment with a potentially hepatotoxic drug. 2 
Stunted growth or anesthesia or drug intolerance (or a com¬ 
bination of these factors) in a young animal, particularly in a 
predisposed breed, suggests the presence of PSVASs. A recently 
stressed obese cat that becomes anorexic is a classic historical 
example of a cat with idiopathic hepatic lipidosis. 

The clinical signs associated with hepatobiliary' disease are 
Typically referable to the GL renal, neurologic, or hematopoi¬ 
etic systems ( Fable 225-1). In addition, a rare dermatologic 


syndrome called superficial necrolytic dermatitis marked by 
ulcerative crusting dermatitis of the face and distal extremi¬ 
ties, accompanies a unique form of chronic liver disease in the 
dog (hepatocutaneous syndrome). 

Intermittent GI signs such as diarrhea, anorexia, and vomit¬ 
ing, are common signs of hepatobiliary disease. Chronic hepatic 
disease predisposes dogs to gastroduodenal ulceration, so a 
myriad of clinical signs referable to ulcer disease, such as hema- 
temesis, abdominal pain, and melena, should prompt consider¬ 
ation of an underlying hepatopathy. 

HE is neurologic condition associated with failure of the 
liver to detoxify inhibitory neurotoxins generated in the 
intestinal tract. The clinical signs are those of diffuse cerebral 
disease. HE is most often seen with PSVASs or with hepa¬ 
topathies associated with acquired portosystemic shunts, but 
may also accompany acute fulminant hepatic failure. In acute 
failure the neurologic signs of HE can be confused w T ith those 
associated w-ith hypoglycemia. Either or both problems com¬ 
monly accompany severe acute hepatic failure. Cerebral 
edema, an ominous consequence of fulminant hepatic failure, 
can also cause neurologic signs mimicking HE. These signs 
include disorientation, stupor, and coma. 

An important differential for the presence of abdominal 
fluid accumulation is hepatobiliary disease. Chronic liver dis¬ 
ease, particularly in the dog, can be associated w r ith the devel¬ 
opment of ascites secondary to the presence of portal 
hypertension. Portal hypertension develops either due to cap- 
ill arization of the hepatic sinusoidal endothelium from fibro¬ 
sis, increased hepatic blood flow such as occurs with 
arteriovenous fistula, or is secondary to disease or obstruction 
of the portal vein or its tributaries. Ascites may accompany 
primary or metastatic hepatobiliary disease or can signal the 
presence of bile peritonitis from rupture of the biliary tract* 

A highly variable, but often predominant, early clinical sign 
in many dogs and cats with chronic hepatobiliary disease or 
PSVASs is the presence of polyuria, polydipsia, or both. The 
mechanism for the polyuria and polydipsia is unknown, but 
the following six have been hypothesized*: (1) psychogenic 
polydipsia, (2) alterations in portal vein osmoreceptors, 
(3) decreased hepatic urea production resulting in disruption 
of the renal medullary concentration gradient, (4) potassium 
depletion, (5) stimulation of thirst centers due to HE, and 
(6) increased endogenous cortisol levels associated with increased 
adrenal production or decreased hepatic degradation. 

Animals with hepatobiliary disease may also have signs 
referable to ammonium biurate urolithiasis such as stranguria, 
pollakiuria, or hematuria. Ammonia biurate stones form 
secondary due to chronic hyperammonemia and decreased 
hepatic processing of uric acid. 

The most significant physical finding that should prompt a 
consideration of hepatobiliary disease is icterus, a yellow dis¬ 
coloration of the mucous membrane associated with accumu¬ 
lation of bilirubin Pale mucous membranes, abdominal 
enlargement due to ascites or hepatomegaly, and poor body 
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Table 


Pathophysiology’ of Common Clinical Signs and Physical Examination Findings in Hepatobiliary Disease 


CLINICAL SIGNS 


PATHOPHYSIOLOGY 


PHYSICAL FINDINGS 


PATHOPHYSIOLOGY 


Gastrointestinal (Cl) 


Icterus 


Decreased uptake, conjugation or 
export of bilirubin into bile 
Hepatic infiltration with 

inflammatory cells, neoplasia, 
amyloid, fat, glycogen 


Vomiting 


Direct stimulation of CRTZ 
Gastroduodenal ulceration 
Concurrent Intestinal 

inflammatory disease 

Concurrent intestinal 

inflammatory disease 
Steatorrhea 

Portal hypertensive enteropathy 


Hepatomegaly 


Diarrhea 


Abdominal fluid 


Ascites: 

Portal hypertension 

Avid renal sodium and water 

retention 

Hypoalbuminemia 

Bile: rupture gall bladder/biliary tract 

Neoplastic effusion 
Poor appetite 
Increased metabolic rate 
Cl malabsorption 
Cholecystitis 
Gl ulceration 
Bile peritonitis 
Pancreatitis 
Le pt ospi ro s i s 
Rickettsial disease 
Protozoal disease: Toxopfasma t 
Neosporo 

Feline Infectious Peritonitis (FIP) 
Salmonella 
Bacterial cholecystitis 
Supporative hepatitis 


Acholic feces 


Extrahepatic bile duct obstruction Poor body condition 

score 


Melena 


Gastroduodenal ulceration 
Coagulopathy 


Abdominal pain 


Neurologic 


Fever 


Personality change 
Weakness 
Anorexia, lethargy 
Ptyolism (cats) 

Head pressing 
Disorientation stupor 

coma 

Irritability/aggression 

Seizures 

Renal 

Polyurla/polydipsia 

(PU/PD) 


Hepatic encephalopathy (HE) 
Hypoglycemia 
Cerebral edema 
Vitamin deficiency 


Primary polydipsia 

Decreased hepatic urea 

production with subsequent 
disruption renal medullary 

interstitial gradient 
Increased circulating cortisol 
Manifestation of HE 
Ammonium biurate urolithiasis 


Pollakiuria, stranguria, 
dysuria 
Biltrubinuria 


Hyperbilirubinemia 


Hematologic 

Pale mucous membranes 


Anemia 

Blood loss from coagulopathy or 
Gl bleeding 

Anemia chronic disease 


c/> □ 
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condition score might be other findings on physical examina¬ 
tion of dogs or cats with hepatobiliary disease. 


Table 


Conditions in which Increases in Serum 
Hepatobiliary Enzyme Concentrations May Occur 
in the Absence of Primary Liver Disease 


LABORATORY EVALUATION OF 
HEPATOBILIARY DISEASE 


Clinical Enzymology 

Evaluation of serum values of hepatobiliary enzymes such as 
alanine aminotransferase fALT} r aspartate aminotransferase 
(AST), alkaline phosphatase [ALP), and y-glutamyl transpep¬ 
tidase (GGT), are commonly used to screen for the presence 
of hepatobiliary disease, because consistent increases in the 
serum concentration of these enzyme activities occur after 
hepatobiliary injury, 4 Although these serum enzymes have a 
high sensitivity For the detection of hepatobiliary disease, 
interpretation of abnormalities is hampered by their lack of 
specificity for hepatobiliary disease. The central role of the 
liver in metabolism and its high blood flow make it uniquely 
sensitive to secondary injury. Thus several clinical conditions 
exist in which liver enzymes may be elevated but in which 
clinically significant hepatobiliary disease may not be present 

(Table 225-2), Although the magnitude of serum enzyme ele¬ 
vation is usually proportional to the severity of active hepato¬ 
biliary damage, the degree of elevation is not predictive of 
hepatobiliary functional capacity. Marked increases in serum 
enzymes may indicate substantial hepatobiliary injury but, 
due to tremendous hepatic regenerative capacity, are not nec¬ 
essarily indicative of a poor prognosis. Alternatively, in severe 
end-stage chronic liver disease, serum enzymes may be normal 
or only mildly increased, because replacement of hepatocytes 
by fibrosis, prolonged enzyme leakage, or both has resulted in 
depletion of total liver enzyme content. A single serum 
enzyme determination should never be used to establish a 
prognosis. The prognostic value of serum enzymology is 
improved by following sequential serum enzyme determina¬ 
tions, especially in conjunction with a hepatic function test or 
hepatic biopsy. 

Alanine aminotransferase (ALT) is a liver-specific cytosolic 
enzyme. The largest increases in serum ALT, a leakage 
enzyme, are seen with acute hepatocellular necrosis and 
inflammation. The magnitude of ALT elevation is roughly pro¬ 
portional to the number of injured hepatocytes. The serum 
1 1/2 i n dogs is around 2.5 days. No published values exist for 
feline serum ALT ty 2 . In acute liver disease in the dog, the 
finding of a 50% decrease in sequential serum ALT determi¬ 
nations over 2 to 3 days is considered a good prognostic sign. 
In dogs, serum ALT may also increase with severe muscle 
necrosis. 

In dogs, phenobarbita! and corticosteroids increase serum 
ALT 4 - 7 In most dogs, drug induction results in mild increases 
in ALT (two- to fourfold), but in some individuals increases 
approach those seen with acute hepatocellular injury. 
Whether these larger elevations in serum ALT activity repre¬ 
sent enzyme induction or are reflective of possible corticos¬ 
teroid or phenobarbita! hepatotoxicity is still unclear. Serum 
ALT may increase with primary or metastatic hepatic neopla¬ 
sia. 8 Mild to moderate increases are seen in 70% to 80% of 
dogs with hepatocellular or bile duct carcinoma. Occasionally 
hepatic nodular hyperplasia results in increased serum ALT, 

Serum AST is more sensitive than serum ALT in the detec¬ 
tion of hepatobiliary disease, although considerably less specific 
because significant amounts of AST are also contained in muscle. 

The 1 1/2 of serum AST is 5 to 12 hours in the dog and 77 minutes 

in the cat. In general, increases in serum AST parallel increases 
in scrum ALT and, like ALT, are associated with leakage after 

altered membrane permeability. In instances where serum 
AST is much hight r than serum ALT, a muscle source for tht 
elevations should he explored. Alternatively, because AST is 


Drug Induction: 

Corticosteroids (dogs): 

(TTT AIR TT CCT, 

T ALT, t AST) 
Anticonvulsants: 
(phenobarbitol, 
phenytoin, 
primidone) 

(T ALT, t ALP, t AST, 

TGCT) 


Miscellaneous: 

Systemic infections 
Pregnancy (cats): 

(T placental ALP) 
Colostrum fed neonates 
(dogs): 

(T CCT) 


Hy pox i a /H y pot ensi o n: 

(TT ALT, T AIR T GCT T AST) 

Congestive heart failure (CHF) 

Septic shock 

Hypo ad re n ocort icism 

Circulatory shock 
Severe acute blood loss 
Status epilepticus 
Hypotensive crisis 
Surgery 


Endocrinopathies: 

Hyperthyroidism (cats): 
(t ALR T ALT) 

Hypothyroidism (dogs): 

(T ALP) 

Diabetes melfitus: 

(T ALP) 

Hyperadrenocorticism 

(dogs): 

(TTT ALR T ALT, 

T GGT r T AST) 


Muscle Injury: 


(T ALT, TT AST) 


Acute muscle 


necrosis/trauma 

Malignant hyperthermia 
Myopathies 


Neoplasia: 

Adenocarcinomas: 
pancreatic, intestinal, 
adrenocortical, mammary 

Sarcomas: 

hemangiosarcoma, 

leiomyosarcoma 
Hepatic metastasis: 

(T AST, T ALT, T ALP) 

Unique enzyme induction: 

(TTALRTT CCT) 


Bone Disorders: (T ALP) 
Young animals (up to 
7 months) 

Osteosarcoma 

Osteomyelitis 


present within the mitochondria and the cytosol, an elevated 
AST to ALT ratio may be indicative of acute severe irre¬ 
versible injury. In dogs, serum AST is mildly increased by cor¬ 
ticosteroids and phenobarbita!. Increases in serum AST may 
be more sensitive than ALP or ALT in the detection of hepa¬ 
tic metastasis,® 

Although serum ALP elevation is a sensitive indicator of 
hepatobiliary disease, its lovv specificity for liver disease con¬ 
fuses interpretation. ALP's low specificity is associated with 
the presence of several isoenzymes and a unique sensitivity to 
drug induction. Isoenzymes of ALP are present in the liver, 
kidney, intestine, bone, and placenta. The intestinal, kidney, 
and placental isoenzymes do not contribute to serum ALP due to 
their short t }/2 < An exception is in late-term feline pregnancy, 
where the placental ALP isoenzyme represents a significant 
source of the serum enzyme. The bone isoenzyme, B-ALP, 
contributes about one third of total serum ALP P Increased 
osleoblastii activity associated with growing bones in \oung 
animals or with pathologic conditions such as osteomyelitis or 
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osteosarcoma can increase serum B-ALP. These conditions 
typically cause mild increases in the total serum ALE 

Two liver isoenzymes contribute to the serum ALP in dogs; 
a liver (L-ALP) and corticosteroid-induced isoenzyme 
(C-ALP), Cats have only one liver isoenzyme. In the dog and 
cat, L-ALP is a membrane-bound enzyme found on the hepa- 
tocyte canalicular membrane and the luminal surface of bil¬ 
iary epithelial cells. 10 Canine C-ALP is a hyperglycosylated 
form of the isoenzyme produced by hcpatocytes and is also 
located on the hepatocyte canalicular membrane. The serum 
t ]/2 of both L-ALP and C-ALP in the dog is about 70 hours. 
The ty 2 of the cat liver isoenzyme is only 6 hours. Increases 
in serum ALP in the dog and cat are the result of increased 
de novo synthesis, elution of the enzyme from cellular mem¬ 
branes, or both. 

In a series of 270 dogs with histologically confirmed hepa¬ 
tic disease, the highest serum ALP activities were seen with 
cholestasis median: tenfold increase) followed by chronic hepa¬ 
titis, corticosteroid-induced hepatopathy, and hepatic necrosis 
approximately sixfold). 4 Although die specificity of serum ALP 
determination for hepatobiliary disease was only 51%, the 
sensitivity was quite high (approximately 80%). Canine bile 
duct carcinoma and hepatocellular carcinoma can be accom¬ 
panied by moderate to marked increases in serum ALP (see 
fable 225-2). Hepatic nodular regeneration, a common hep¬ 
atic lesion in old dogs is frequently accompanied by mild to 
moderate increases in ALP. 

Exposure of dogs to excess endogenous or exogenous corti¬ 
costeroids increases serum ALP. 5 ' 611 In experimental studies, 
dogs given immune-modulating doses of prednisone had 
increases in serum ALP by the third day that continued to rise 
throughout the period of corticosteroid administration. Serum 
ALP elevation in corticosteroid-treated dogs is accompanied by 
changes in hepatic morphology. Morphologic changes include 
ballooning enlargement of hepatocytes and development of 
intracytoplasmic hepatic vacuolation due to glycogen 
lation. 6 In some studies, focal areas of hepatocyte 
have been described. In dogs treated with prednisone, these 
morphologic changes begin by the second day and gradually 
progress in severity as corticosteroid treatment continues. 

One of the challenges in the interpretation of canine 
ALP elevations is distinguishing between increases associated 
w ith cholestatic hepatic disease and those secondary to expo¬ 
sure to corticosteroids. In theory, serum ALP isoenzyme anal¬ 
ysis should separate these two groups, because hepatobiliary 
disease should increase L-ALP and corticosteroid exposure 
should increase C-ALP. In reality, considerable overlap exists 
between isoenzyme distributions in these two conditions. The 
most widely used technique for serum ALP isoenzyme analysis 
is levamisole inhibition. 9 This technique is based on the fact 

that levamisole inhibits L-ALP and B-ALP but not C-ALP. In 
dogs with normal total serum ALP, C-ALP represents from 
5% to 20% of total serum ALP. In experimental dogs treated 
with corticosteroids, the initial rise in serum ALP is associated 
with induction of L-ALP, and only after several days of treat¬ 
ment does C-ALP become the prominent isoenzyme. Chronic 
corticosteroid exposure due to hypcradrenocorticism or iatro¬ 
genic hypercortisolism from parenteral, oral, or topical corti¬ 
costeroid administration, is consistently associated with 
increases in C-ALP. Serum C-ALP also increases in chronically 

ill animals, apparently from long-term endogenous cortisol 
excess. Although highly sensitive for the detection of exposure 
to corticosteroids, the specificity of isoenzyme analysis is low. 
Further, many dogs with hepatobiliary disease also have 
increases in serum C-ALP. 12 

Phenobarbital induces mild (two- to sixfold) increases in 
serum ALP 2 - 7 Phenobarbital may induce either L-ALP, C-ALP, 
both. 10 Interpretation of increased serum ALP activity in 

phenobarbital-treated dogs is complicated by the fact that this 


drug is a hepatotoxin. Because ALT, AST, and GGT are also 
mildly induced by anticonvulsants, they may be of no value in 
differentiating serum ALP increases due to microsomal induc¬ 
tion from those associated with morphologic injury. If the 
serum abnormalities in these enzymes are greater than two 
to three times the upper limit of normal, the possibility of 
phenobarbital-induced hepatotoxicity should be explored. 
Dogs on chronic anticonvulsant therapy with enzyme induc¬ 
tion should have determination of serum albumin, bilirubin, 
and bile acids to monitor hepatobiliary function. 

Because feline ALP is not susceptible to drug induction, 
elevations In serum ALP are 


more specific for feline hepato¬ 
biliary disease. The magnitude of serum ALP elevations in 
feline hepatobiliary disease, how T ever, are not as great as those 
in the dog due to the short t I/2 of feline ALP and the fact that 
hepatic stores of feline ALP are less than in the dog. Thus 
feline serum ALP is a less sensitive indicator of hepatic disease 
than in the dog. Clinically, the largest increases in feline ALP 
are seen in hepatobiliary conditions associated with intrahepa- 
tic or extra hepatic cholestasis, 

GGT is present in many tissues, although serum GGT con¬ 
centrations are primarily derived from the liver. Hepatic GGT 
is located on the hepatocyte canalicular membrane. Serum 
elevations in GGT are most common with cholestatic disor¬ 
ders and are associated with increased de novo synthesis and 
membrane elution. 

In dogs, moderate to marked increases in GGT are seen with 
intrahcpatic and extrahepatic cholestasis, whereas mild eleva¬ 
tions are seen with acute hepatocellular injury. In a series of 
dogs with histologically confirmed hepatic disease, serum GGT 
was more specific (87%) than serum ALP (51%) in the detec¬ 
tion of hepatobiliary disease, but it was less sensitive (50%) 

than SAP (80%). 4 

When serum GGT and ALP were used i 
specificity for the detection of hepatobiliary disease increased 
to 94%. In a series of 36 dogs w T ith primary or metastatic 
hepatic neoplasia, 39% had high serum GGT values. 
Phenobarbital and corticosteroids cause mild (two to three¬ 
fold) increases in serum GGT in the dog. 

In a series of 69 cats with hepatobiliary disease, the largest 
increases in serum GGT were associated with extrahepatic bile 
duct obstruction (EHBDO) and cholangiohepatitis. Serum 
GGT had a higher sensitivity than serum ALP (86% versus 
50%, respectively), but lower specificity (67% versus 93%, 
respectively) for the detection of hepatobiliary disease. 4 In 
some cats with cirrhosis, EHBDO, or cholangitis, serum GGT 
may be considerably greater than serum ALP values. In idio¬ 
pathic hepatic lipidosis, however, serum GGT values may be 
normal or mildly increased (two- to sixfold), whereas 
ALP values are markedly increased (tenfold). 
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PLASMA PROTEINS IN HEPATIC DISEASE 


The liver synthesizes many plasma proteins and detoxifies 
ammonia, the major breakdown product of protein 
metabolism. The clinical consequences of disruptions in hepa¬ 
tic protein metabolism are decreases in plasma oncotic pres¬ 
sure due to hypoalbuminemia, bleeding tendencies associated 
with coagulation protein deficiencies, and the development of 
HE due to ammonia retention. 

Albumin 

The liver is the exclusive site of albumin synthesis. Because 
synthesis occurs at 33% of maximum capacity and the 
ty 2 of albumin is 8 to 9 days, serum hypoalbuminemia is 
most often seen in chronic hepatic disorders such as cirrhosis 
and PSVASs, In cirrhotic dogs 
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to the development of ascites. In ascitic animals, serum hypo- 
albuminemia may reflect both third-party sequestration of 
albumin in the abdominal fluid and hepatic synthetic failure. 
Hypoalbuminemia is not specific for hepatic disease and 
may occur with protein-losing enteropathies, protein-losing 
nephropathies, exudative cutaneous lesions, vasculitis, or acute 
blood loss. Inadequate nutrition can curtail hepatic albumin 
synthesis. Because albumin is a negative acute phase reactant, 
systemic inflammatory disease may shut down hepatic albumin 
synthesis. 

Globulins 

The serum globulin fraction is composed of immunoglobulins 
and nonimmunoglobulins. Because the liver synthesizes many 

of the nonimmunoglobulins including a-glohulins and 

fTglobulins, hepatic synthetic failure can be accompanied by 
serum hypoglobulinemia. However, because many 
munogloblins are acute-phase reactants whose production 
that is increased in response to systemic inflammatory disease, 
early chronic inflammatory liver disease may be accompanied 
by hyperglobulinemia. 4 ' 1 ^ 

Immunoglobulins are not synthesized in the liver but may 
be increased in chronic inflammatory hepatic disease. A poly¬ 
clonal increase in y-globulins has been documented in chronic 
canine hepatic disease and is seen in 50% of feline cases of 
chronic cholangiohcpatitis. Hypergammaglobulinemia in 
chronic liver disease may be associated with enhanced sys¬ 
temic immunoreactivity due to abnormal Kupffer cell pro¬ 
cessing of porta! antigens or secondary to autoantibody 
production. Low titers of antinuclear antibodies have been 
detected in 50% of dogs with chronic inflammatory' hepatic 
diseased 5 In a series of dogs with chronic inflammatory hepa¬ 
tic disease, 48% had antibodies that reacted with canine liver 
membrane preparations,^ Although dogs with positive titers 
tended to have higher serum ALT and bilirubin values and 
more severe histopathologic lesions than dogs without anti¬ 
body responses, it remains to be determined whether these 
autoantibodies have any role in disease progression. 

Coagulation Proteins 

The liver plays an important role in hemostasis, Hepatocytes 
synthesize all of the coagulation factors, except factor VIII 
well as critical inhibitors of coagulation and fibrinolysis 
(anti thrombin Ill, antiplasm in) and fibrinolytic proteins (plas¬ 
minogen). In addition, the liver is responsible for clearance 
and catabolism of activated coagulation factors, plasminogen 
activators, and breakdown products of fibrinolysis such 
fibrin degradation products (FDP),The liver is also the site of 
vitamin K-dependent activation of factors II, VII, IX, and X 
and protein C. 

Assessment of coagulation status is important in animals 
with liver disease because altered hemostasis can contribute 
to clinical manifestations of hepatic disease and complicate 
invasive diagnostic procedures.The complexity and overlap of 
the liver's synthetic and clearance functions, however, makes 
the interpretation of hemostatic testing difficult. The 
monly used tests to assess coagulation include determination 
of prothrombin time (FT), activated partial thromboplastin 
time (APTT), fibrinogen, and FDPs. Abnormalities in these 
coagulation tests in hepatobiliary disease may be indicative of 
hepatic synthetic failure, vitamin K deficiency, or the presence 
of a consumption coagulopathy such as disseminated intravas¬ 
cular coagulation (DIC), 

Coagulation abnormalities are quite common in dogs and 
cats with hepatobiliary disease 4 In dogs w'ith naturally occur¬ 
ring hepatic disease, 50% and 75% had an abnormal FT and 
APTT, respectively. Specific factor analysis revealed that 
greater than 90% of the dogs had at least 

Because 1 actor depletion must be greater than 70% to sho 


prolongation of coagulation times, it is not surprising that 
many more dogs had abnormalities in the concentration of 
coagulation factors than had prolongation of PT or APTT. 
In cats with naturally occurring hepatobiliary disease, 82% 
had at least one coagulation abnormality. 57 The most 
abnormalities were an increase in PT (16 of 22) and low 
factor VII activity (15 of 22), 

Despite the presence of abnormalities in coagulation tests, 
spontaneous hemorrhage in animals with hepatic disease is 
rare. Hemorrhage is more likely to occur after a challenge to 
hemostasis such as venipuncture, hepatic biopsy, or gastric 
ulceration. Because coagulation tests are relatively poor pre¬ 
dictors ol an individual s tendency to bleed, one should 
assume that animals with hepatobiliary disease have a higher 
than normal risk of bleeding after provocative procedures 
regardless of the results of coagulation testing. 

Assessment of coagulation has prognostic significance in 
hepatic disease. In dogs with chronic inflammatory liver dis¬ 
ease, prolongation of PT and PTT to 1.3 to L4 times normal 
was associated with survival less than 1 week. SB Although 
prognostic and useful in managing and predicting the compli¬ 
cations of hepatic disease, PT and APPT are not sensitive or 
specific indicators of hepatic disease and should not be used 
as screening or diagnostic tests. 

Vitamin K deficiency may develop during hepatobiliary 
disease for several reasons. Prolonged bile duct obstruction 
interrupts the enterohepatic circulation of bile acids resulting 
in intestinal bile acid deficiency and resultant fat-soluble vita¬ 
min K malabsorption. Oral antibiotics may alter the normal 
intestinal bacterial flora, resulting in the destruction of vita¬ 
min K-generating bacteria. Inadequate dietary consumption 
of vitamin K, although rarely a primary cause of vitamin K 
deficiency, may be contributory. This is especially true in dis¬ 
orders such as feline idiopathic hepatic lipidosis, which is 
marked by prolonged anorexia. Vitamin K is a cofactor in the 
carboxylation and resultant activation of factor II, VII, XI, and 
X and protein C Prolongation of PT is the first coagulation 
abnormality seen with vitamin K deficiency, because factor 
VII has the shortest plasma In vitamin K deficiency, vita¬ 
min K-dependent factors circulate in an inactive form. The 
concentration of these inactive factors can be measured and is 
referred to as proteins induced by tHtamin K absence or antagonists 
(PlVKAs)« The presence of increased PIVKAs is more sensi¬ 
tive than changes in PT to detect vitamin K deficiency. 19 
When either PIVKAs or prolongation of PT were used to 
detect vitamin K deficiency, 50% to 75% of cats with naturally 
occurring hepatobiliary’ disease had vitamin K deficiency. 19J 7 
Failure to activate vitamin K-dependent factors also may 
as the result of hepatic synthetic failure. Parenteral adminis¬ 
tration of vitamin K readily (w'ithin 24 to 48 hours) corrects 
coagulation abnormalities due to vitamin K deficiency, but has 
little to no effect on coagulation abnormalities due to hepatic 
synthetic failure. 

Due to the liver's central role in coagulation and fibrinol¬ 
ysis, it can be quite challenging to differentiate whether 
coagulation abnormalities are associated with DIC 
due to severe liver disease. Typically DIC is recognized by 
prolongation of PT, APTT, decreased fibrinogen, thrombocy¬ 
topenia, and increased FDPs, all of which may accompany 
hepatic failure. Increases in PT and APTT may accompany 
hepatic synthetic failure or vitamin K deficiency. In early 
liver disease, fibrinogefi concentrations may be normal to 
increased (fibrinogen is an acute-phase reactant), but as hep¬ 
atic function deteriorates, fibrinogen concentrations typically 
decrease due to reduced hepatic synthesis. Increases in FDPs 
have been detected in 14% of dogs with chronic hepatic dis¬ 
ease and in 30% of cats with idiopathic hepatic lipidosis. 411 
ese increases may represent impaired hepatic clearance 

of FDPs, 
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Both quantitative and qualitative platelet defects 
pany hepatobiliary disease. Although quantitative platelet 
abnormalities have been poorly documented in small animals 
with hepatic disease, many dogs with chronic hepatic disease 

have mild thrombocytopenia (120,000 to 180,000). The 

for this thrombocytopenia is unknown. Thrombocytopenia i: 
rare in cats with hepatobiliary disease unless DIG is present. 
Studies in dogs with hepatobiliary disease I ive demonstrated 
the presence of qualitative defects in platelet aggregation. 


a baseline blood ammonia value is determined after a 12-hour 
fast. The animal is then given an exogenous load of ammo¬ 
nium orally or per rectum and hlood ammonia determined 
post challenge. In the classic oral ATT, NH 4 C1 2 is given at 

a dose of 100 mg/kg in a dilute solution (not to exceed 
centration of 20 mg/mL and a total dose of 3 g) and blood 
ammonia determined 30 minutes later. In the rectal ATT, 
a warm -water enema is given 12 hours prior to the adminis¬ 
tration of 2 mL/kg of 5% NH 4 C1 2 via a catheter inserted into 
the rectum. Samples for hlood ammonia are taken at 20 and 
40 minutes postchallenge. In normal animals after oral 
rectal challenge, blood ammonia should not increase any more 
than twofold. In animals with hepatic insufficiency 
PSVASs, ammonia values generally increase three to tenfold. 
Virtually all dogs and cats with PSVASs and 90% of dogs with 

chronic hepatitis have abnormal ATT. 9 u Rarely an ATT will 
precipitate HE. 

A recent study evaluated a modified oral ATT in which 
dogs were fed a small test meal supplying 33 kcal/kg (25% of 
daily metabolizable energy requirement) with a protein con¬ 
centration of 30.3% dry matter. 20 When blood 
centrations were determined at zero time and 6 hours later, 
a sensitivity of 81% and 91% was found for the detection of 
PSVASs. The test had poor sensitivity' in detecting dogs with 
parenchymal hepatocellular disease. Unlike classic 
tolerance tests, this provocative test was not associated with 
adverse side effects such as the induction of vomiting or HE. 
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The liver is responsible for the majority of ammonia detoxifi¬ 
cation, Ammonia is generated primarily in the G1 tract by bac¬ 
terial degradation of amines, amino acids, and purines; by the 
action of bacterial urease on urea; and by intestinal catabolism 
of glutamine. Ammonia readily diffuses through the intestinal 
mucosa and into the portal circulation where it travels to the 
liven After uptake by hepatocytes, ammonia is detoxified either 
by enzymatic conversion to urea in the mitochondrial urea cycle 
by consumption in the synthesis of glutamine. Urea then 
undergoes renal excretion. Ammonia, which escapes hepatic 
metabolism, enters the systemic circulation where other tissues, 
including the kidney muscle, brain, and intestines, detoxify it by 
the formation of glutamine. 

Failure o\ the liver to detoxify ammonia or shunting of 
portal blood away from the liver results in hyperammonemia. 
Because the urea cycle operates at only 60% capacity, hepatic 
failure must be fairly advanced for blood ammonia concentra¬ 
tions to rise. Because intra hepatic or extra hepatic shunting of 
portal blood directly deposits ammonia in the systemic circu¬ 
lation, hlood ammonia concentrations are more sensitive in 
the detection of hepatobiliary disorders associated w ith shunt- 

Hyperammonemia also occurs in animals with 


ammonia Con¬ 


or 


ammonia 


SERUM UREA NITROGEN 


Approximately 65% of dogs and cats with PSVASs have 
decreased serum urea nitrogen (SUN). 3 Decreases in SUN 
thought to arise secondary to decreased urea production in 
the atrophied liver Decreased SUN is not specific for liver dis¬ 
ease because it can be influenced by hydration status and 
dietary protein content, GI hemorrhage, glomerular filtration 
rate, and fluid or solute diuresis. 


are 


4,20 
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cycle enzyme deficiencies and with pathologic conditions 
that result in decreased availability of urea cycle substrates. 
Hyperammonemia has been described In dogs with a defi¬ 
ciency of the urea cycle enzyme, argininosuccinate synthetase, 

and in cats fed a diet deficient in arginine, an essential substrate 
in the urea cycle, 21 - 22 

The biggest obstacle in the clinical use of blood 


urea 


BILIRUBIN 


ammonia 

determinations is the difficulty in sample handling. Samples 
must be drawn directly into cold heparinized tubes, immedi¬ 
ately -transferred to the laboratory on ice for refrigerated 
centrifugation, and preferably assayed within 1 hour. Feline, 
but not canine, plasma samples may be frozen at -20° C for 
48 hours without sacrificing accuracy. Because erythrocytes 
contain two to three times the amount of ammonia as does 
plasma, if they are not separated from the plasma immedi¬ 
ately or if hemolysis is found in the sample, spurious increases 
in blood ammonia will result 

Technical limitations aside, blood ammonia determination is 
important for evaluating dogs and cats suspected of having hep¬ 
atobiliary disease. Hyperammonemia is an important, although 
not exclusive, cause of HE and is the only toxin implicated in 
this condition that can be measured clinically. The presence of 
hyperammonemia can therefore be used to verify the presence 
of HE, Not all animals with HE, however, will have abnormal 
blood ammonia levels. Hyperammonemia also reliably occurs in 
pathologic conditions associated with significant shunting of 
portal blood away from the liver. Thus 80% of dogs and 90% of 

cats with PSVASs demonstrate fasting hyperammonemia. 
Fasting hyperammonemia occurs 

parenchymal disease, being abnormal in approximately 50% of 
dogs with chronic hepatitis.^ Elevations in blood ammonia 
unusual with acute hepatic disease, unless it is fulminant. 

The diagnostic value of blood ammonia can be improved 
by pc r f 11 rmin g an a m monia to3 era nee test (ATT). 4 ] n an ATTi 


Bilirubin is a yellow pigment formed in the reticuloendothe¬ 
lial cell system (RES) by the enzymatic processing of heme. 
Bilirubin released from RES cells is not water soluble and is 
transported in plasma reversibly bound to albumin. This 
unconjugated bilirubin is extracted by the liver and conju¬ 
gated by esterification with glucuronic acid. Water-soluble 
conjugated bilirubin is actively secreted against a concentra¬ 
tion gradient into the bile. The bilirubin in bile enters the 
intestinal tract via the bile duct, w'here it is either excreted 
unchanged in the feces or is converted to urobilinogen by the 
action of enteric bacteria. Most of the urobilinogen is further 
degraded into the brown-pigmented stercobilins, The absence 
of stercobilins in the feces results in pale-colored acholk 
stools. Small amounts of urobilinogen enter the portal 
system and undergo enterohepatic circulation. The majority 
is re-excreted into the bile, but a small amount undergoes 
urinary excretion.--— 

Icterus is the clinical manifestation of bilirubin retention 

within tissues (see Figure 225-1), Although less sensitive than 

serum liver enzymes for the detection of hepatobiliary disease, 

serum hyperbilirubinemia is more specific. Hyperbilirubinemia 
occurs when an 
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abnormality in the processing of bilirubin 
exists and can be divided into three categories: (1) prehepatie, 
(2) hepatic, and (3) posthepatic, Prehepatic hyperbilirubine¬ 
mia is associated with increased production of bilirubin due to 
the need to process large amounts of heme such as occurs 
during severe hemolytic 
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from hepatic and posthepatic causes by determining hemato¬ 
crit, Hepatic hyperbilirubinemia is associated with impaired 
hepatic uptake, conjugation, or excretion of bilirubin, ft is seen 

in hepatic disorders in which severe intrahepatic cholestasis 
develops. Hepatic hyperbilirubinemia may also accompany 
severe extrahepatic infections. 2324 In this condition, referred 
to as the cholestasis of sepsis , circulating cytokines directly 
inhibit hepatocyte bilirubin transport. In a series of 29 septic 
cats, 63% had hyperbilirubinemia, 23 Posthepatic hyperbiliru¬ 
binemia is associated with interruption of flow within the 
extrahepatic bile ducts. 

The differentiation of hepatic and posthepatic icterus can 
be quite challenging clinically and yet is extremely important 
because these conditions demand different interventional 
strategies, Posthepatic hyperbilirubinemia usually requires 
surgical decompression of the biliary tract, whereas hepatic 
hyperbilirubinemia is typically treated medically. The clinical 
differentiation between hepatic and posthepatic hyperbiliru¬ 
binemia is best made by ultrasound evaluation of the biliary 
system combined with careful consideration of clinical his¬ 
tory, physical examination, and ancillary laboratory testing. 

During prolonged cholestasis, excess conjugated bilirubin 
may become irreversibly bound to albumin. These so-called 
biliproteins are clinically significant in that they are measured 
as direct reacting bilirubin, but their t^ approximates that of 
albumin. 4 Their presence can result in persistently elevated 
serum bilirubin weeks after the resolution of the underlying 
cholestatic liver disorder. 


canine hepatobiliary disease and PSVASs. 34 In a series of 108 
cats with hepatobiliary disease, when cutoff values of greater 
than 15 pM were used as abnormal, fasting TSBAs were more 
specific (96%) than increases in serum ALP, ALT or GGT in 
predicting the presence of hepatobiliary disease. The sensitiv¬ 
ity at this cutoff value (54%) was about the same as for serum 
enzyme determination. The determination of postprandial 
TSBAs using a cutoff of greater than 20 pM as abnormal 
improved both the sensitivity (100%) and the specificity 
1 80%) of bile acid testing in the detection of feline hepatobiliary 
disease. Postprandial TSBAs had a greater sensitivity than fasting 
TSBAs for the detection of all categories of feline hepatobiliary 
disease except hepatic necrosis. 

In a series of 107 dogs with histologically confirmed hepa¬ 
tic disease, the specificity of fasting TSBAs using a cutoff of 
greater than 5 pM as abnormal was 83%, 4 Using a cutoff of 
greater than 15 pM as abnormal, postprandial TSBAs had a 
specificity of 89% and a sensitivity of 82%. When cutoff values 
for abnormal fasting and postprandial TSBAs were increased 
to greater than 20 pM and greater than 25 pM respectively, 
the specificity of both tests was 100%. Sensitivity at these 
cutoff values was 59% and 74% for fasting and postprandial 
samples, respectively. At the higher cutoff values, neither fast¬ 
ing nor postprandial TSBAs outperformed the other A notable 
exception was improved performance of postprandial TSBAs 
in the detection of inactive cirrhosis or PSVASs. 

Maltese dogs may have increased postprandial TSBAs in 
the absence of hepatobiliary disease. 25 In a screening of 200 
Maltese dogs, 79% had postprandial TSBAs above the reference 
range using the enzymatic method. Nine dogs with abnormal 
postprandial TSBAs had normal rectal ATT and no evidence 
of hepatobiliary disease on hepatic biopsy. Two dogs with 
abnormal postprandial TSBAs had abnormal ATT and PSVASs. 
The cause of increased postprandial TSBA values in Maltese 
dogs with normal liver biopsies remains undetermined. 

A number of factors that influence the enterohepatic cir¬ 
culation of bile acids in normal animals can affect TSBA 
values. 4 These include the completeness of gallbladder emp¬ 
tying, the rate of gastric emptying, intestinal transit rate, the 
efficiency of ileal bile acid re absorption, and the frequency of 
enterohepatic cycling. Inadequate fat or amino acid content in 
the test meal or consumption of an insufficient amount of 
food can result in failure of cholecystokinin release and gall¬ 
bladder contraction. In general it is recommended that the 
animal eat a meal of regular dog or cat food, although 2 tea¬ 
spoons of food for pets less than 10 lbs and 2 tablespoons for 
larger animals has been reported to be adequate. Visual con¬ 
firmation of meal consumption is mandatory. The presence of 
concurrent disease that delays gastric emptying may result in 
failure to stimulate gallbladder contraction. Alterations in 
intestinal transit time so that the movement of conjugated 
bile acids to the ileum is delayed can result in less than opti¬ 
mum timing for determination of the postprandial values. 
Severe ileal disease can result in decreased bile acid reabsorp¬ 
tion and inadequate challenge to the enterohepatic circulation. 
The presence of small bowel overgrowth leads to bacterial 
deconjugation of bile acids and decreased ileal absorption of 

bile acids. 

Occasiona ily, fasting TSBA concentrations are higher than 
postprandial values. This happens when interdigestive gall¬ 
bladder contraction occurs during the course of the fast pre¬ 
ceding the test. It may also be associated with individual 
variations in gastric emptying, response to cholecystokinin 
release, and intestinal transit time. 

The interpretation of abnormal TSBA is subject to a number 
of limitations. First, TSBAs are not capable of discriminating 
one hepatobiliary disease from another. A second limitation of 
TSBA determination is that little, if any, correlation exists 

,w‘ 

between the seventy ot histologic changes or the degree of 


BILE ACIDS 


Bile acids are synthesized exclusively in the liver from choles¬ 
terol. After conjugation to either taurine or glycine, bile acids 
are excreted into bile and collected, stored, and concentrated 
in the gallbladder. After ingestion of a meal, cholecystokinin 
release stimulates gallbladder contraction and the transport of 
bile acids into the intestine. In the intestinal lumen, bile acids 
aid in the solubilization and absorption of fats. When the bile 
acids reach the ileum, they are efficiently transported back 
into the portal circulation from which they are re-extracted 
by the hepatocyte sinusoidal bile acid transporter. This entero¬ 
hepatic circulation of bile acids operates at 98% efficacy. 

Disruption of the enterohepatic circulation of bile acids 
results in increases in the concentration of total serum bile 
acids (TSBAs). In normal animals, TSBA concentrations are 

determined by the spillover of bile acids that escape from the 
enterohepatic circulation. During fasting, when the entero¬ 
hepatic circulation of bile acids is low, TSBAs are low. After 
a meal, bile acids are released into the intestines and sub¬ 
sequently absorbed into the portal circulation. Increased portal 
vein bile acid concentrations are reflected in a transient eleva¬ 
tion in TSBAs, This endogenous challenge to the enterohep¬ 
atic circulation of bile acids is used clinically, fn a typical bile 
acid test,TSBAs are determined after a 12-hour fast, a test meal 
is fed and then postprandial TSBAs determined 2 hours later. 

The most commonly used method for the determination 
of TSBAs is an enzymatic method that relies on the reaction 
of 3-ct-hydroxy bile acids with bacterial 3-oc-hydroxysteroid 
dehydrogenase. Normal values for fasting TSBA concentra¬ 
tions using this method are 1.7 ± 0.3 jiM and 2.3 ± 0.4 pM in 
cats and dogs, respectively. Two-hour postprandial values are 

8.3 ± 2.2 pM in the dog and 8.3 ± 0.3 JiM in the cat. 4 Sample 

collection for this assay is easy because serum bile acids are 
stable even at room temperature. Hemolysis and lipemia 
should he avoided because they interfere wdth the assays 
speetrophotometrie endpoint. 

Numerous studies have demonstrated the efficacy of fast 
mg and postprandial 15BAs in the diagnosis ol feline and 
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portosystemic shunting and the extent of TSBA elevation. 
A TSBA value is either normal or abnormal. When evaluating 
serial determinations of TSBAs to monitor disease progression 
or response to therapy only a return to normal can be used as 
a reliable indicator of clinical remission. 


nucleotide catabolism, is normally converted to allantoin by 
hepatic urate oxidase. In hepatic disease, a deficiency of this 
enzyme may lead to hyperuricemia. In the presence of con¬ 
current hyperammonemia, increased concentrations of both 
ions appear in the urine, resulting in the precipitation of 
ammonia biurate crystals. 

Bilirubinuria is the presence of conjugated bilirubin in the 
urine. Bilirubinuria in the dog is not abnormal, because dogs 
have a low renal threshold for bilirubin and their renal tubu¬ 
lar epithelium is capable of bilirubin production. Because cats 
have a high renal threshold for bilirubin and feline kidneys do 
not make bilirubin, feline bilirubinuria is always abnormal and 
suggests the presence of a hepatobiliary or hemolytic disorder. 


CARBOHYDRATE METABOLISM 


The major function of the liver in carbohydrate metabolism is 
to maintain normoglycemia during the fasting state. The liver 
has a large reserve for maintaining glucose homeostasis so 
that greater than 70% of hepatic function must be lost before 
hypoglycemia occurs. Hypoglycemia occurs most often in 
acute fulminant hepatic failure and in small breed dogs with 
PSVAs. 3 In acute hepatocellular injury, hypoglycemia may be 
a relatively early indicator of severe hepatic failure. Up to 35% 
of dogs with congenital PSVAs are periodically hypoglycemic. 
In these dogs, hypoglycemia may be due to impaired hepatic 
glucose production, decreased hepatic glycogen stores, 
reduced responsiveness to glucagons, or a combination of 
these factors. Inadequate glycogen stores may reflect immatu¬ 
rity of the carbohydrate metabolizing enzyme systems or be a 
consequence of chronic stimulation of glycogenolysis. 
Hypoglycemia is a rare complication of end-stage chronic 
inflammatory liver disease and is a negative predictor of 
survival 18 

Hypoglycemia may occur as a paraneoplastic syndrome in 
dogs with hepatic neoplasia. 8 Proposed mechanisms for the 
hypoglycemia include increased glucose use by the tumor or 
secretion of an insulin-like substance that inhibits gluconeo- 
genesis and promotes glycogenolysis. Insulin levels, when 
measured, have been normal. 

Glycogen storage diseases may cause hypoglycemia. 11 In 
dogs, a congenital deficiency in amylo-l,6-glucosidase has 
been associated with fasting hypoglycemia and the develop¬ 
ment of hepatomegaly due to glycogen accumulation. 


HEMATOLOGIC ABNORMALITIES 


— — 


Anemia may be present in dogs or cats with hepatobiliary dis¬ 
ease. Regenerative anemia is most often associated with blood 
loss. Although spontaneous bleeding associated with coagu¬ 
lopathies is rare in animals with hepatic disease, blood loss 
may occur after provocative procedures or secondary to G! 
ulceration, Nonregenerative anemia, a more common finding 
in hepatic disease, is usually normocytic and normochromic 
and often associated with inefficient use of systemic iron stores 
(anemia of chronic disease). A microcytic, hypochromic, non¬ 
regenerative anemia should prompt consideration of chronic 
GI blood loss. Erythrocyte microcytosis occurs in dogs and cats 
with congenital PSVAs, 3 in dogs with acquired shunting sec¬ 
ondary to cirrhosis and in some cats with idiopathic hepatic 
lipidosis. Studies investigating the cause of this microcytosis in 
dogs w r ith PSVAs have documented a relative iron deficiency 
that may be associated with impaired iron transport. 26 Target 
cells and poikilocytes may be seen in dogs and cats w ith hep¬ 
atic disease. These morphologic changes may be associated 
w ith alterations in the erythrocyte plasma membrane lipopro¬ 
tein content resulting in altered cell deformability. 


HEPATIC BIOPSY ACQUISITION 
AND INTERPRETATION 


CHOLESTEROL AND LIPID METABOLISM 


The liver has several functions in lipid metabolism. Plasma fatty 
adds released from adipose tissue are extracted by the hepato- 
cytes, after which they are either converted to triglycerides or 
undergo mitochondrial P-oxidation. Triglycerides are either 
stored or packaged as very low-density lipoproteins and released 
into the vasculature. The liver also extracts chylomicron remnants 
and low T -density lipoproteins from plasma. This is the major route 
by which cholesterol enters into the liver, although the liver is 
also capable of cholesterol synthesis. Hepatic cholesterol can he 
esterified and then packaged and secreted in lipoproteins or 
stored in the liver The majority of unesterified (free) cholesterol 
in the liver undergoes biliary excretion. 

Hypercholesterolemia is associated with increased hepatic 
synthesis, decreased biliary excretion of cholesterol, or both. 
In the dog and cat, EHBDO is accompanied by increases in 
serum cholesterol. Hypocholesterolemia occurs in approxi¬ 
mately 62% of dogs and 67% of cats with PSVAs and may be 

due to decreased cholesterol synthesis or increased incorpora¬ 
tion of cholesterol into bile acids. 3 Hypocholesterolemia also 
occurs with late-stage chronic liver disease in dogs. 13 


Because patterns of clinicopathologic abnormalities do not 
reliably differentiate one form of hepatic disease from another, 
it is often necessary to obtain hepatic tissue for histopatho¬ 
logic or cytologic evaluation. The indications for examination 
of hepatic tissue include persistent increases in serum liver 
enzymes, increased serum bile acids or bilirubin, unexplained 
abdominal effusion or ascites, unexplained hepatomegaly, to 
assess response to therapy or disease progression, and to eval¬ 
uate for breed-specific hepat apathies, Because the most common 
complication encountered in the procurement of hepatic 
tissue is hemorrhage, before undergoing hepatic tissue acqui¬ 
sition, all dogs and cats should have a PT, APTT, and platelet 
count assessed. Determination of PIVKAs and buccal mucosal 
bleeding time may improve the sensitivity of detecting bleed¬ 
ing tendencies, Due to the high frequency of vitamin K defi¬ 
ciency in hepatic disease and the ease with which it is treated, 
many clinicians routinely pretreat all patients with parenteral 
vitamin 24 hours prior to hepatic biopsy. Acquisition of 
hepatic tissue is contraindicated in the presence of a severe 
coagulopathy, although some animals may be biopsied safely 
after the administration of fresh frozen plasma to supply defi¬ 
cient coagulation factors. 

In general, hepatic biopsy is preferred over fine needle 
aspirate (FNA) to characterize liver disorders. However, in 
animals with bleeding disorders or those with large cavitary 
lesions or suspected abscesses, ultrasound guided fine needle 
aspiration (22 gauge needlel can safely he performs d with 
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Between 40% to 74% of dogs and 15% of cats with PSVAs 

have ammonia biurate crystalluria- 3 Repeated examination of 
fresh urine specimens may be necessary to document the 
presence of these crvMals. Uric acid, a hv-product of purine 










SECTION XV * 


1430 


Liver and Pancreatic Diseases 


m inimal danger of hemorrhage or spread of infection. In stud¬ 
ies done comparing FNA to hepatic biopsy, complete agree¬ 
ment is typically seen in around 30% of cases. While FNAs 
may be helpful in identifying vacuolar or neoplastic disease 
such as lymphoma, they frequently miss the presence of 
necroinflammatory or vascular disease. 

Hepatic biopsy can 


(e.g,, passive congestion and acetaminophen toxicity cause 
centrilobular lesions), whereas infections such as salmonellosis 
or toxoplasmosis cause focal or multifocal lesions. Vacuolar 
change indicates cytoplasmic accumulation of lipid, water 
(hydropic degeneration), or glycogen (steroid hepatopathy). 
The liver can have a similar histologic reaction pattern to dif¬ 
ferent insults. Macroscopic or microscopic PSVAs, primary 
hypophasia of the portal vein and arteriovenous fistula cause 
a characteristic histologic pattern (hepatic cord atrophy, 
portal vein attenuation, and portal arteriolar proliferation). 
Chronic inflammatory lesions provide the biggest challenge in 
interpretation, because the liver responds to many chronic 
insults (whether caused by toxins, infection, or immune stim¬ 
ulation) with the same reaction pattern. The important points 
to remember in evaluating inflammatory biopsies is to pay atten¬ 
tion to the type of inflammatory cell present (neutrophilic: 
acute, active, or both; eosinophilic: allergic or parasitic; lym- 
phoplasmacytic: subacute to chronic), whether inflammation 
breaks through the limiting plate (the disease is more severe 
if it does), and to note the extent of fibrosis (confined to portal 
regions, bridging portal tracts). Bridging fibrosis is consistent 
with severe disease and is a negative prognostic factor, 18 


be obtained by ultrasound-guided 
needle biopsy, laparoscopic biopsy, or wedge biopsy by laparo¬ 
tomy. The advantages of the latter two methods are the abil¬ 
ity to grossly evaluate the liver at the time of biopsy, the 
acquisition of relatively large tissue samples, and the identifi¬ 
cation and control of postbiopsy hemorrhage. An obvious dis¬ 
advantage of these techniques is their in% r asive nature and, in 
the case of laparoscopy, the need for special equipment and 
technical expertise. Ultrasound-guided needle biopsy using 
automated spring-triggered biopsy needles has proven to be a 
safe, effective, minimally invasive means of obtaining biopsy 
material in most animals. Ultrasound guidance allows accurate 
sampling of focal lesions and permits visualization of the 
needle tract to minimize complications. When obtaining ultra- 
sound-guided needle biopsy, particular care should be taken 
to obtain adequate samples (two to three specimens that fill 
at least three fourths of the 18- (in cats) or 16- (in dogs) gauge 
biopsy needle chamber should be obtained). Complications of 
ultrasound-guided needle biopsy (other than hemorrhage) 
rare but include perforation of biliary' structures, pneumotho¬ 
rax, and bacterial peritonitis. When an intrahepatic abscess is 
suspected or a highly vascular lesion is present, hepatic needle 
biopsy is contraindicated due to the high probability of infec¬ 
tion and bleeding, respectively. Postbiopsy, animals should be 
monitored with ultrasound for the presence of postbiopsy 

bleeding and have PCV checks for up to 6 hours after the 
procedure. 

because the tissue obtained by wedge or needle biopsy 
represents only a tiny fraction (maybe 1/10,000) of the entire 
liver, one of the major limitations of hepatic biopsy is sam¬ 
pling error. Sampling error arises due to uneven distribution of 
lesions in what appears by diagnostic imaging to be diffuse 
disease, A recent study demonstrated significant discordant 
between the morphologic diagnoses obtained when needle 
and wedge biopsies from the same animal were evaluated by 
the same pathologist. 28 This discordance most likely reflects 
sampling error. This same study also demonstrated that indi¬ 
vidual pathologists disagree on the morphologic diagnosis 
44% and 65% of the time when the same wedge or needle 
biopsies, respectively, were evaluated. This emphasizes the 
need for a constant stream of communication between clini- 

and hepatic histopathologists. Clinicians should always be 
the final judges as to whether the histopathologic morpho¬ 
logic diagnosis fits with the clinical picture. Opinions from 
more than one pathologist on hepatic biopsy material may 
be necessary to arrive at an accurate morphologic diagnosis. 
In addition, internist and pathologist should both be willing 
to accept the limitations of hepatic biopsy and be prepared 
rebiopsy, if warranted. 

To fully appreciate the value of histopathologic evaluation 
of the liver, one must understand what information 

ably expect from tissue samples. 29 One should expect the 
sample to determine the category of disease [necroinflamma¬ 
tory, neoplastic, vacuolar, or vascular), to define the extent of 
disease (mild, moderate, or severe) and to access the chronic- 
ity of the lesion (presence of fibrosis, type of cellular infil¬ 
trate). One should not expect every hepatic biopsy to provide 
a etiologic diagnosis. The biopsy, however, may provide clues 
to cause. Special stains can help to identify infectious agents 
or determine if copper overload exists. Samples for anaerobic 
and aerobic culture may confirm suspicion of primary' 
ondary bacterial infection Certain infectious disea 


DIAGNOSTIC IMAGING 


are 


Radiography 


Radiography can be used to assess changes in the size and 
opacity of the liver.Diffuse hepatomegaly is indicated by 
rounding of the liver edges, extension of the hepatic shadow 
beyond the costal arch, and caudal displacement of the stomach 
axis. Hepatomegaly may occur due to congestion, infiltrative 
disease (neoplasia, lipidosis, glycogen accumulation, amyloidosis), 
inflammatory disease, RES cell hyperplasia, or extramedullary 
hematopoiesis. Focal hepatomegaly can be discerned by observ¬ 
ing displacement of the structures bordering the liver, and it 
may occur with cysts, granulomas, neoplasia, regenerative 
nodules, hematomas, or abscesses. Mierohepatica is visualized 
radiographically by a decreased size of the hepatic shadow 
and a shift of the gastric axis to a more upright orientation 

with cranial displacement, Mierohepatica is observed with 
hepatic atrophy and fibrosis. 

Normally the liver is visualized as a homogenous soft tissue 
opacity. Cholelithiasis or choledocholithiasis may be visual¬ 
ized as mineralization in the liver. The former is recognized as 
a discrete round opacity in the cranial right ventral liver 
shadow, and the latter is seen as diffuse mineralization. Focal 
mineralization may also be seen with chronic gallbladder infec- 

neoplasia, granulomatous lesions, abscesses, resolving 
hematomas, and within regenerative nodules. 

Gas opacities in the liver may be associated with hepatic 
abscesses, emphysematous cholecystitis, or after long-term bile 
duct obstruction. The finding of gas within the portal vessel 
indicates the entry of GI gas or infection with gas-producing 

organisms and is a grave sign seen with gastric torsions and 
severe necrotizing gastroenteritis. 

Radiographic contrast imaging of the portal venous system 

is used to localize PSVAs. It can be accomplished via three 

methods. The first, cranial mesenteric arteriography, involves 

cannulation of the cranial mesenteric artery via the femoral 

artery' and injection of iodinated contrast followed by rapid 

fluoroscopic imaging. These studies are fraught w'ith technical 
difficulties and are 


cian 


rion or 


to 


to reason- 


seldom performed. The second method, 
splenoportography, involves injection of contrast agent 
directly into the spleen, either percutaneously or at the time 
of laparotomy. Complications include splenic infarction and 
hemorrhage. The best method to demonstrate PSVAs is oper¬ 
ative mesenteric portography. This involves imraoperativi 
jejunal vein cat fieri zation and injection oi iodinated 


as 


or sec- 

ses or toxins 

lesions with characteristic anatomic distributions 


may cause 


contrast. 
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Polyuria and polydipsia 

Anorexia 

Vomiting 

Diarrhea 


Complete blood count 
Biochemical profile 
Urinalysis 




Increased serum liver 

enzymes 


History of corticosteroid 

use (dogs) 


Yes 




i 


Signs of 

hype rad renocort i cis m 


Discontinue or lower dose 
Monitor serum enzymes 


No 


Yes 


Hepatic function test 


• Low-dose dexamethasone 
suppression (LDDS) test 

• Adrenocorticotropic 
hormone (ACTH) 

stimulation test 


Serum albumin 
Serum bilirubin 
Total serum bile acids 


Abnormal 


Normal 


i 


Abnormal ultrasound 


Look for extrahepatic cause: 

* Gastrointestinal 

- Inflammatory bowel 
disease (IBD) 

- Pancreatitis 

* Endocrine 

- HyperadrenoeortEcism 

- Diabetes mellitus 

* Vascular 

- Immune-mediated 
hemolytic anemia (IMHA) 

* Passive congestion 

* Paraneoplastic 

* Systemic infection 


Continued on page 1432 


Abnormal hepatic 
ultrasound (or normal) 


Signs of extrahepatic 

disease 




Pursue appropriate 
diagnosis 


Figure 225-1 Laboratory diagnosis of hepatobiliary disease. 
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Tissue jaundice 


Complete blood count 


Urinalysis 


i 


Hyperbilirubinemia 


Hematocrit < 20 % 


Normal or mild 
decrease 


Spherocytes 

Anisocytosis 

Polychromasia 


P re hepatic 

hyperbilirubinemia 


tree 


Abdominal fluid 


i 


Posthepatlc 

hyperbilirubinemia 


Surgery 


Hep atic 

hyperbilErubinemia 


Abdom inoc e n te s is-bile 


Surgical repair biliary tree 


Signs of acute 


pancreatitis 


Con tinued on page 1433 


coagulation 


Medical 

management 


* Prothrombin time fPT) 

* Partial thromboplastin time (PTT) 

induced by vitamin K 

antagonism or absence (PIVKAs) 


* Buccal mucosal bleeding time 


Continued from page 1431 


Abnormal 


1 


Give parenteral vitamin 


plasma or whole blood 


Reassess coagulation 


Hepatic biopsy 1 4 


Figure 225-1 Cont'd 
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Neurobehavioral signs 


Blood ammonia 
Biochemical profile 


Hyperammonemia 

with or without: 

* Increased liver 
enzymes 

* Decreased albumin 

* Decreased 
cholesterol 

» Decreased blood 
urea nitrogen 


Normal blood ammonia 


and biochemical profile 
Hepatic encephalopathy 


(HE) unlikely 


Abdominal ultrasound 


Single portosystemic 
vascular anomaly 
(PSVA) visualized 


No shunting vessels 
visualized but 
microhepatica 


Acquired shunts 
(multiple) visualized 


No abnormalities 




Continued 
from page 1432 


Rectal technetium 

scan 


Surgical attenuation 


Pursue additional 


Portal hypertension 


diagnostics: 

* Urea enzyme cycle 
defect 

* Defect mitochondrial 
beta oxidation 


Abnormal 


Normal 




* Infection with urease 


producing bacteria 


f 


Younger dog 
Predisposed 
breed 


Abdominal 


Hepatic 

parenchymal 

disease 


Older dog 


exploratory; 


i 


with or without 


p ortog rap hy; 4/~ 
shunt ligation and 
hepatic biopsy 


\ 


Probable acquired 
parenchymal 

disease 


Probable 

primary hypoplasia 
portat vein 


Medical 

management 


Figure 225-1 Cont'd 
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Colorectal scintigraphy is used in small animals for the 
detection of PSVAsIn these studies, a small amount of 
^technetium pertechnetate is administered rectally and 
absorbed across the colon into the portal venous system. In 
the normal dog, radioactivity is visualized in the liver within 
10 to 22 seconds and subsequently moves to the heart and 
lungs. In animals with PSVAs, radioactivity reaches the heart 
and lungs first or at the same time as the liven Rectal tech¬ 
netium scans are abnormal in dogs with macroscopic PSVAs 
acquired shunts from chronic parenchymal disease and 
normal in dogs with microvascular dysplasia or parenchymal 
disease without acquired shunts. 


Biliary cysts appear as thin-walled, circular, anechoic struc¬ 
tures. Hematomas have a variable appearance, depending 
their state oi resolution. Early hematomas are hyperecboie 
and progress to hypoechoic; once they mature, they 
anechoic They may have areas of mineralization. Regenerative 
nodules also have a variable appearance. They may be hypo- 
echoic, isGcchoic, hyperecboie, or have mixed echogenicity. 
Variably sized multiple hypoechoic areas often exist; 
areas may appear anechoic if necrosis occurs within them. 
Abscesses or granulomas have a variable appearance, depend¬ 
ing on their cellular composition and duration. Early abscesses 
hyperechoic with poorly defined margins. As they 
they become more hypo- to anechoic and may have mixed 
echogenicity. The presence of gravity-dependent hyperechoic 

cellular material may be demonstrated. Occasionally they may 

contain gas or mineralization. Some posterior acoustic enhance¬ 
ment may occur. 

Primary hepatic neoplasia may have a variable appearance. 8 
It usually is a large, solitary, moderately circumscribed 
that bulges beyond the normal liver margins with an echo tex¬ 
ture similar to normal liver Metastatic neoplasia appears 
one or more spherical lesions that may be hypoechoic, hyper¬ 
echoic or isoechoic. It may also appear as a target lesion. 
Ultrasonography is important in determining the presence 

of EHBDOT 2 The first indication of EHBDO is distention of 

the gallbladder with loss of tapering of the neck into the cystic 
duct. This occurs 24 hours after experimental bile duct liga¬ 
tion in the dog. The common bile duct distends by 48 hours 
postligation, Extrahepatic bile ducts dilate by 72 hours and 
are visible as many tortuous anechoic structures at the portal 
hepatis between the gallbladder and the pancreas. Jntrahepatic 
bile ducts distend by 1 week and are seen as tortuous, irregularly 
branching anechoic structures with echogenic w r all$ throughout 
the liver. In cats, distention of the common bile duct to greater 

than 5 mm is consistent with EHBDO. 33 Ultrasound also 

enables visualization of the cause of the obstruction that may be 
associated with intraluminal (neoplasia, strictures, choleliths) 
extraluminal (pancreatitis, neoplasia) disorders. 

Abdominal ultrasonography has an accuracy rate of about 
90% for the diagnosis of PSVAs. 31 Animals with PSVAs have 
small livers with a decrease in portal vascular structures and 
may have bilateral renomegaly and uroliths. The abnormal 
connection between the portal vein and the systemic vascula¬ 
ture may be visualized. In general, intrahepatic shunts 

to visualize than extrahepatic shunts, Portoazgous shunts 
are the most difficult extrahepatic shunts to identify, Doppler 
capabilities can enhance the ability to detect extrahepatic shunts. 
Dogs with extrahepatic shunts have high-velocity turbulent flow 
in the portal vein, and preliminary studies show a decreased 
portal vein size as assessed by comparison of the portal vein with 
the aorta or caudal vena cava. Acquired portosystemic shunts 
more difficult to visualize by ultrasound but can be seen in the 
retroperitoneum near the kidneys or medial to the spleen. 
Other signs of portal hypertension such as ascites, decreased or 
reversed portal blood flow, and microhepatica are seen when 
acquired shunts are present. 

Hepatic arteriovenous fistulas can be seen with as tortuous, 
tubular, anechoic structures within or adjacent to the liver, 
Doppler-assisted ultrasonography demonstrates areas of tur¬ 
bulent blood flow. The hepatic artery and portal vein branches 
may be dilated and tortuous. Celiac arteriography is used 
to identify arteriovenous fistulas and to define the limits of 
surgical resection. 


on 


are 


some 


or 


are 


mature 


Ultrasonography 

Ultrasonography enables differentiation between focal and 

diffuse disease, evaluation of alterations in hepatic 

parenchyma in diffuse disease, evaluation of the biliary system 

and portal vasculature, and procurement of tissue for hepatic 
h istopa th ol ogy. 32 ■ 30 

The normal liver has a homogenous echogenicity that is 
isoechoic to slightly hyperechoic to the renal cortex. It has 
sharp, smooth edges and contains numerous variably sized cir¬ 
cular and tubular anechoic structures that represent hepatic 
and portal veins. Hepatic arteries and intrahepatic bile ducts 
not routinely visualized. The gallbladder is seen as an ane¬ 
choic structure with thin walls varying from oval to pear 
shaped. It may be bilobed in the cat. The common bile duct 
can he visualized as a tubular anechoic structure just ventral 
to the portal vein. During hepatobiliary disease, changes in 
hepatic size, vascularity, and echogenicity may occur. It must 

he emphasized that few hepatic lesions have diagnostic_ 

graphic features and that a normal hepatic ultrasound does 
not rule out the possibility of diffuse hepatic disease. 

The determination of liver size by sonography is, at best, 
subjective. A large liver may be easily imaged and has rounded 
edges. There will be a relatively large distance between the 

diaphragm and stomach. A small liver may be difficult to 
image, with 

diaphragm and stomach. 

In diffuse hepatic disease the liver may appear hyperechoic 
hypoechoic. The hyperechoic liver is brighter than the 
renal cortices. Portal vein margins become indistinct in the 
hyperechoic liver. Increased echogenicity may accompany 
fibrotic liver disease, lipidosis, corticosteroid hepatopathy, or 
hepatic neoplasia (lymphoma, bile duct adenocarcinoma). 
The fibrotic liver can be distinguished from the other causes 
of increased echogenicity by its small size, the presence of 
regenerative nodules, and its association with ascites. In a 
series of cats with various hepatobiliary disorders, the finding 
of a hyperechoic liver that was isoechoic to falciform fat was 
highly suggestive of the presence of hepatic lipidosis. 
A hypoechoic liver is less echogenic than the renal cortices 
and has enhanced visualization of portal vasculature. It may 
accompany moderate to severe suppurative hepatic disease, 
passive congestion, or hepatic lymphoma. 

The sonographic appearance of hepatic lymphoma can be 
quite variable. The liver may be diffusely hyper- or hypoechoic 
There may be focal or multifocal poorly circumscribed hyp 
choic masses or we 11-circumscribed hyperechoic nodules 
rounded by areas of hypoechogemcity (so called target lesions). 

A variety of focal hepatic lesions can be recognized with 
ultrasonography Hepatic cysts appear as round, smooth- 
walled, anechoic structures with acoustic enhancement. 
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CHAPTER 


General Principles in the Treatment of Liver Disease 


Jan Rothuizen 


DRUGS USED FOR TREATMENT 
OF LIVER DISEASES 


INTRODUCTION 


Many generally accepted and clinically used medications 
for liver disease lack critical evaluation of their effectiveness. 
A scientific basis for proof of effect of a medication may be 
obtained in different ways. 

First, there may be a well understood and direct connec¬ 
tion with the pathophysiologic basis of the disease. An exam¬ 
ple js the use of thyroid hormone to treat hypothyroidism 
caused by decreased production in the thyroid glands. A firm 
and direct relationship should be present between cause of 
disease and medication to accept such as a basis. A proven 
pathophysiology-based therapy in human medicine supports 
the use for comparable lesions in veterinary medicine. An 
example is ursodeoxycholic acid (UDCA) therapy in non¬ 
obstructive cholestatic diseases. Proof in humans, however, is 
not proof for dogs or cats and does not eliminate the need for 
veterinary studies. 

The second way a therapy can be accepted as scientifically 
based is when an effect has been proven in clinical trials. The 
best method is a randomized, double-blind, placebo-controlled 
study. No reports exist in the literature of any randomized, 
placebo-controlled, double-blind studies on the effect of a 
treatment of liver disease of dogs or cats. Because few, if any, 
clinics have a sufficient case load to perform a number of such 
studies within a reasonable time, the only way to test thera¬ 
pies for liver diseases is to perform multi center studies. 
Bearing in mind that sound studies on the effectiveness of a 
drug can only be performed by evaluating one (additional) 
drug per trial, it is clear that a lot of work must he done. 
Accepting the need for multicenter studies identifies the need 
for standardization of the nomenclature and diagnostic crite¬ 
ria for diseases* The diagnosis of the majority of canine and 
feline liver diseases depends largely on the histologic evalua¬ 
tion of liver tissue, obtained by one of several possible biopsy 
techniques. It is well known that evaluation of one liver spec¬ 
imen by different histopathologic produces different interpre¬ 
tations, often even a range of different diagnoses* Moreover, in 
different countries or continents, the same disease may be 
known under different names without clinicians realizing that 
it is one disease. The need for standardization of diagnostic cri¬ 
teria of diseases and stages of disease, as well as the unification 
of nomenclature, has recently been recognized by the World 
Small Animal Veterinary Association (WSAVA), in coopera¬ 
tion with the American and European Colleges of Veterinary 
Internal Medicine, AC VIM and EC VIM. This group has 
agreed on the standardization of nomenclature and 
histopathologic interpretation of liver tissues of known liver 
diseases of dogs and cats. The results are being published in a 
book (see www. wsa va * or g), providing descriptions and color 
slides of histologic features. These standards will be updated 
every 3 years. The availability of standardized criteria and 
nomenclature will aid multicenter studies on liver diseases. 


Glucocorticoids (Prednisone and Prednisolone) 

The use of corticosteroids has been common practice in 
human medicine for 30 to 40 years. Mononuclear inflamma¬ 
tory cells, lymphocytes, and plasma cells in chronic hepatitis 
leads to the assumption that (auto ) immune reactions were 
the main cause of ongoing, chronic hepatitis leading to the 
development of cirrhosis. The recognition of hepatitis viruses 
A and B limited this category to nonA-nonB hepatitis and 
later ncnA-nonB-nonC hepatitis after discovery of hepatitis C 
virus. These terms have been abandoned in human medicine. 
Many different viruses cause many different forms of hepatitis. 
Only a small and well-defined group remains classified as 
autoimmune hepatitis that is treated with corticosteroids, The 
different forms of viral hepatitis require specific antiviral 
treatment or only supportive treatment* Recognition of new 
canine viral and metabolic causes may lead to development of 
specific treatments for different forms of hepatitis that are 
now taken together as idiopathic hepatitis. Presently, steroid 
therapy is the best-documented and most generally used ther¬ 
apy for chronic hepatitis. Many anecdotal reports exist* Only 
one publication 1 reports the evaluation of the effect of gluco¬ 
corticoids on the survival in a large series of dogs with chronic 
hepatitis in which there was a highly significant increased 
survival found in treated compared with untreated dogs. 
Complete remission was described, and no relapse occurred 
when recovery from hepatitis was reached. This report was a 
retrospective, uncontrolled study. The general experience of 
veterinary hepatologists is that glucocorticoids are often effec¬ 
tive in treating chronic hepatitis in dogs. Prednisone needs to 
be metabolized into prednisolone by the liver. It is logical to 
use prednisolone in case of liver disease. Prednisolone can be 
regarded as a treatment of first choice for idiopathic chronic 
hepatitis. For cases in which a defect in copper metabolism is 
known, leading to copper storage and oxidative damage of the 
liver, specific chelating therapy instead of steroids is indicated. 
Corticosteroids have anti-inflammatory effects but also anti- 
fibrotic and choleretic effects* Their principle indication 
remains immunomodulation. For stimulation of choleresis, 
UDCA is much more effective, and the weak effect on for¬ 
mation of fibrosis does not justify the use of corticosteroids for 
treatment of fibrosis without mononuclear inflammation. 

Glucocorticoids are contraindicated for infectious diseases 
of the liver and biliary system* They should be reserved for 
chronic hepatitis with mononuclear inflammation of which 
no infectious cause is known. Toxins, viruses, and so on may 
cause acute hepatitis, but the specific cause remains unknown 
in most cases. Most acute hepatitis cases recover sponta¬ 
neously without treatment or with only symptomatic support 
(antiemetics, fluid therapy). Given the similarities between 
hepatitis in dogs and other species in which hepatitis is nearly 
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always caused by viral infections, at least some dogs with 
acute hepatitis may have an active viral infection. This may be 
overcome by the immune response so that the dog recovers 

cases develops a chronic inadequate (auto-) j 
response. In the chronic stage of disease, immunosuppression 
may help to reduce the inflammatory effects without treating 
the underlying cause. In acute cases such medication is con¬ 
traindicated. The author has seen a number of dogs with acute 
hepatitis develop a sudden fatal deterioration when cortico¬ 
steroids w r ere given. Side effects of glucocorticoids are detailed 
in Chapter 242. 

Azathioprine 

If immunosuppression is the desired action of therapy and 
glucocorticoids yield unacceptable adverse effects, azathio- 
prine is an alternative drug. By combining azathioprine and 
glucocorticoids, the steroid dose can be reduced so that side 
effects can he avoided or made acceptable. A disadvantage of 
azathioprine is hone marrow suppression. It is more expensive 
than glucocorticoids and is also potentially toxic to humans. 
The owner should use gloves during administration, and 
tablets should be chosen so that they do not need to be 
broken, thereby exposing the owner to inhalation of small 
particles. No studies have reported the effects of azathioprine 
in liver diseases. Azathioprine is not a preferred drug to treat 
liver diseases other than in rare cases that do not tolerate gluco¬ 
corticoids. Azathioprine should be avoided in cats because 

severe side effects are common, 2 


The third action of UCDA is modulating the immune system, 

resulting in reduction of the immune response, which may be 

favorable in cases where autoimmunity is part of the trigger 
for ongoing disease. 

Finally, UDCA has recently been shown to increase the 
production of glutathione (GSH} 4 and metallothionein in 
hepatocytes, which could help to prevent oxidative damag 

Both dogs and cats are given 15 mg/kg/day, divided 
two doses. UDCA has virtually no side effects in therapeutic 
doses. It is therefore a safe drug that at least does no harm to 
the patient. However, no published studies are available 
the clinical effect of UDCA in dogs or cats. Although in 
theory UDCA may be used in a wide spectrum of diseases, it 
has only been proven effective in human chronic cholestatic 
disease such as primary biliary cirrhosis. 7-9 At present, the 
main indication in analogy to use in human medicine seems to 
he chronic severe cholestatic diseases such 
cholangiolitis in dogs and lymphocytic cholangitis in cats. 
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Antioxidants 

Oxidative stress and damage of cells by free oxygen radicals i: 
a mechanism extensively studied in recent years. Factors such 
reduced blood perfusion, inflammatory reactions, and 
mulation of copper or iron in the liver may be incriminated in 
the development of hepatocyte necrosis and hepatitis. Copper 
toxicosis results in chronic hepatitis or hemolysis, specifically 
by oxidative damage caused by free copper in the cell. 
Oxidation is also the principle mechanism by which phaT 
loidin, 9-3 3 produced by the mushroom Amanita phaUoides and 
acetaminophen t2-H may cause severe, sometimes fulminant 
liver failure. Oxidative stress is also a key step in the patho¬ 
genesis of ethanol-associated liver injury in man. The 
sources of free radicals are hepatocyte mitochondria, cytochrome 

P450 enzymes, and endotoxin-activated macrophages (Kupff. 
cells), 15 Free radicals take up electrons from neighboring mole¬ 
cules, causing oxidative damage to lipids, proteins, and DNA, 
The normal cellular defense mechanisms against oxidative stress 
are superoxide dismutase (SOD), catalase, and GSH peroxidase. 
Depletion of GSH may cause exhaustion of part of the cellular 
defense and oxidative damage. Nutritional vitamins C and E 
act also as free-radical 
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Ursodeoxycholic Acid 

UDCA is one of the natural bile acids in the enterohepatic cir¬ 
culation. 5 It is synthesized and manufactured as tablets 
capsules (e,g., Actigall, Ursochol) that are used in both human 
and veterinary medicine. Bile acids are produced and conju¬ 
gated in the liver, and they are kept very efficiently in the 
enterohepatic cycle. The primary bile acids (those primarily 
formed in the liver) are transformed by intestinal bacteria into 
secondary and tertiary bile acids so that a mixture of bile acids 
circulates. Some bile acids are highly toxic, especially in the 
liver where they are concentrated. The less hydrophilic the 
more toxic the specific bile acid tends to be 4 ; the most toxic 
bile acid is lithocholic acid. The hydrophilic UDCA is non¬ 
toxic in concentrations encountered in normal or diseased 
liver. Toxic bile acids have a number of negative effects. They 
induce apoptosis 5 of hepatocytes by activation of the Fas 
receptor, which activates intracellular signaling of the apopto* 
pathway. Liver cell necrosis is also induced by altered per¬ 
meability of the mitochondrial membrane due to high 
concentrations of bile acids. Disruption of the mitochondrial 
electron transport chain leads to formation of free radicals and 
oxidative damage to the cells. 

The proposed positive actions of the nontoxic bile acid 
UDCA are fourfold. UDCA has been shown to prevent cells 
from entering the apoptosis pathway and to prevent mito¬ 
chondrial damage. The exact mode by which these actions 
occur is not known. One explanation is that toxic bile acids, 
such as lithocholic acid, circulate in the enterohepatic circu¬ 
lation and accumulate in the liver cholestasis. They are dis¬ 
placed from the bile acid pool by constant enrichment of the 
pool with UDCA, Another explanation is induction of 
increased bile flow by UDCA. Active bile acid excretion into 
the bile canaliculi by hepatocytes is one of the main mecha¬ 
nisms in which bile is formed because excretion of bile acids 
against a huge concentration gradient is followed by water, 
building the flow of bile/ 5 Addition of external bile acids to 
the pool induces the need for hepatocytes to 

bile acids, thereby enhancing the bile flow and efflux of toxic 
bile acids. The enhanced bile flow explains also why l IPCA is 
contraindicated in cases oi extrahepatic bile duct obstruction. 
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It is logical to separate the liver diseases in which oxidation 
is the principle event leading to tissue damage and inflamma¬ 
tion (such as amanita and acetaminophen intoxication and 
copper storage diseases) and liver diseases (such as viral or idio¬ 
pathic hepatitis) where oxidative stress may be one factor in a 
series of events but not the key factor. The beneficial effect of 
antioxidant therapies has been well-proven in amanita- and 
acetaminophen-induced damage, both in experimental animal 
models 913-13 and in human 10 and veterinary medicine. 14 For 
copper storage diseases in which free intracellular copper is the 
trigger for free-radical formation, the best therapy 
direct elimination of free copper by cop per-chela ting drugs 
such as penicillamine. No reports exist on the effect of antioxi¬ 
dant therapy in copper storage diseases of dogs; therefore clini¬ 
cians have no reason to consider such therapies in addition to 
chelating drugs. The only event in copper storage diseases in 
which use of antioxidants is logical is hemolytic crisis that has 
at least been described in Bedlington terriers, similar to humans 
with Wilson s disease. Such an acute and severe oxidative stress 
requires all possible medications available to save the animal, 
and chelating therapy together with antioxidants may be life 
saving. The use of antioxidant therapy in other liver diseases is 
much more speculative, because oxidative damage is only one 
factor in a complex pathogenesis. Several antioxidants may be 
used as therapy; however, no scientific reports exist on efficacy 
and use is speculative The main antioxidants are vitamin C, 
vitamin E, silymarin, and S-adenosyLL-methiomne (SAMe) 
In addition, zinc and UDCA have antioxidant function. 
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LEG rats with Wilson's disease, lfi and no studies 


Vitamins C and E 

These vitamins are normally synthesized by dogs and cats, 
whereas humans cannot make vitamin C (ascorbate). Vitamin C 

of the physiologically soluble intracellular antioxidants. 
It is not known whether deficiency can occur in disease, and 
reports exist regarding the clinical effect of supplementa¬ 
tion, In LEG rats with hepatic copper storage due to Wilson's 
disease, addition of vitamin C to the diet prolonged their lives 
and retarded hepatitis and jaundiced 6 Vitamin E (alpha toco¬ 
pherol) is also a nutritional antioxidant that protects 3 gainst 
different routes of membrane peroxidation. It is not known if 
vitamin E is deficient in liver diseases, and no systematic eval¬ 
uations of the effect of supplementation in such diseases exist. 
It is a lipid-soluble vitamin so, theoretically, it is expected to 
be helpful in cholestatic diseases. Excess of vitamin E has no 

side effects. 


proven in 

have shown that combining chelating drugs with vitamin 
yields better results than chelation alone. 


is one 


Antiftbrotic Drugs 

Fibrosis is the unavoidable sequel of chronic liver disease, and 
untreated or unbeatable chronic liver diseases end in fibrosis, 
cirrhosis, and incapacity of the liver to regenerate. Increased 
lipid peroxidation in hepatocytes activates the mesenchymal 
hepatic stellate cells (HSCs). Transforming growth factor 
beta-1 (TGF-p) is the principle and most potent fibrogenic 
cytokine and is produced by Kupffer cells and HSCs . 19 ' 20 
HSCs are also the primary target cells that produce extracel¬ 
lular collagen matrix , 21 Specific drugs to inhibit TGF-p 20 are 
clinically available. Hepatocyte growth factor (HGF) is 
the principle hepatotrophic factor for liver regeneration, and 
it suppresses hepatic fibrogenesis in animal experiments. 
Inhibitors of HSC also exist . 19 20 These three most promising 

(inhibition of TGF-p, inhibition of HSC, and stimula¬ 
tion of HGF) to actively reduce liver fibrosis and stimulate 
liver regeneration are not beyond the experimental stage. 
Presently the reduction of lipid peroxidation (which reduces 
HSC activation) is the only clinically available method. 
Silymarin, SAMe, and vitamin E are most promising in this 
respect, but no clinical studies exist. One certain way to stop 
fibrogenesis of the liver to prevent cirrhosis is to treat the 
underlying disease and thereby stop progression of fibrosis. 
This is certainly an explanation of why drugs such as pred¬ 
nisolone, azathioprine, penicillamine, zinc, and vitamin E have 
been mentioned as having antifibrotic effects. 

Colchicine is the only drug used specifically to stop and 
reduce fibrosis. It is thought to act via stimulation of collage- 

activity. The disadvantage is that side effects have been 
reported, such as vomiting, diarrhea, and neurologic signs but 
side effects are rare. Neither in human medicine nor in veteri- 

medicine has the clinical effect been proven. In large 
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S-Adenosyl-L-methionlne 

SAMe is a natural metabolite in the hepatocytes. It is a pre¬ 
fer cysteine, which is one of the amino acids of GSH. 
GSH forms one of the main defense mechanisms of the cell 
against intoxications, and depletion causes oxidative stress. 
Depletion might occur by exhaustion due to exposure to 
toxic substances. SAMe is important in the defense against 
free oxygen radicals. {2 ‘ u The precursor of SAMe is methionine, 

which is activated by SAMe-synthetase. Theoretically, deficient 

consequence of liver disease 
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capacity of this liver enzyme as a 
could cause inadequate production ol SAMe and GSS IL SAMe 
is nontoxic, and administration of exogenous SAMe could 
restore deficient GSH in the hepatocytes. One report 17 exists 
of GSH levels in the liver of naturally occurring liver diseases 
of dogs and cats. This report showed greater variation [both 
decreased and increased) of GSH levels in disease than in 
health, which makes it difficult to conclude that low levels are 
a critical factor in the pathogenesis of such fiver diseases. No 

available of clinical trials on the 
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effect of SAMe treatment. 


nary 

clinical studies in humans, no effect was shown 2223 ; in veteri¬ 
nary medicine only several anecdotal reports exist in wfeich 
colchicine was always part of multidrug therapy. No reports 
exist concerning the use of colchicine to treat liver diseases in 
cats. The use of colchicine in veterinary medicine should be 
postponed until it has been firmly proven effective. 


Silymarin 

Silymarin or silibilin 
the fruit of Silybum marianum, milk thistle. Silymarin has 
been used for centuries in human medicine as treatment for 
liver diseases. It appears to be a strong free-radical scavenger 
by increasing cellular SOD, Many reports exist concerning 
its protective and even life-saving actions on the liver after 
intoxications with the mushroom toxin phalloidine 910 or 
acetaminophen, both of wfeich exert their toxic effects by oxi¬ 
dation. Both experimentally and in human clinical medicine it 

effective against these toxins. The typical oxida- 


is the active component extracted from 


Anticopper Medications 

One cause for chronic hepatitis which is rare in humans but 
may be much more important in dogs is storage of copper in 
the liver, which can induce oxidative damage due to free 
intracellular copper. Copper toxicosis in Bedlington terriers 
has been the historical example of this form of chronic 
hepatitis that is caused by a deletion in the Murrl gene . 24 
A number of forms of chronic hepatitis exist in different 
breeds that have been attributed to copper storage as the 
causative factor These breeds are Bedlington terriers , 24 Skye 
terriers , 25 Dalmatians , 26 West Highland white terriers , 27 and 
Turkish shepherds. 2S Copper may also accumulate as a result 
of impaired biliary' excretion secondary to cholestatic diseases. 
Thus hepatitis in Dobermans and Labrador retrievers may be 
a primary copper metabolic disease or secondary copper accu¬ 
mulation due to intrahepatic cholestasis in the course of hep¬ 
atitis . 29 The increasing list of diseases in which hepatic copper 
accumulation may be the primary cause, indicates that spe¬ 
cific therapies aimed at reducing free copper in the liver may 
become more important. Excessive copper is generally stored 
and encapsulated in the hepatocyte lysosomes, and cannot be 
reached by chelating drugs. Because it is the free cytoplas- 
matic (and not the lysosomal copper) that causes oxidative 
damage, quantitative copper measurement does not necessar¬ 
ily reflect the success of chelating or other therapy. Only dis- 

r hich topper accumulation is the primary delect 


appears very 

tive changes of the mitochondria can be prevented in experi¬ 
mental intoxications with mushroom toxins, and this leaves 
doubt about the therapeutic potential of silymarin. Treated 
dogs had lower liver enzymes, reduced prolongation of pro¬ 
thrombin times, and survived in one trial, whereas one third 
of the placebo-treated dogs died . 9 It is not known how long 
after intoxication silymarin has beneficial effects; reports vary 
from 10 minutes 9 to 5 hours . 19 This may also depend on the 
amount of toxin and the effective dose of the milk thistle 
extract. No studies have compared the protective effect of 
silymarin w r ith other antioxidants such as vitamin E, SAMe, or 

N-acetyl-cysteine, 

No evidence proves that antioxidants have a beneficial 

effect in liver diseases not primarily caused by oxidative 
damage. For intoxications with phalloidine or acetaminophen, 
both silymarin and SAMe proved to be protective in experi¬ 
mental rodent studies and dogs; however, no comparison 
exists that is most effective. For liver diseases caused by con- 
genital copper storage diseases, antioxidant therapy may be 
additional to chelating drugs. A beneficial effect has only been 
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need specific anticopper medication. If copper accumulates 
the consequence of a cholestatic disease, specific treatment of 
the underlying disease will reduce the amount of free cellular 
copper. The rationale for additional chelating medication has 
never been proven for such diseases. Chelating drugs should 
be used with some care because dogs treated for long periods 
with chelators can develop copper deficiency. 

Three forms of anti copper medications are available for 
treatment of primary copper storage diseases. First, chelating 
drugs can actively bind free extracellular copper, upon which 
the complex is excreted into the urine by the kidneys. 
Extracellular copper exchanges with free intracellular copper 
so that by constant exhaustion of the extracellular copper 
pool, the toxic intracellular excess is also removed. At present 

two copper chelators are available. D-penicillamine has been 
the first drug successfully used to treat humans with Wilson's 
disease, and it has also been widely used to treat Bedlington 
terriers with copper toxicosis. 3031 The author's experience in 
about 100 Bedlington terriers diagnosed at 1 year of age is that 
medication with penicillamine from young age on prevents 
the development of hepatitis and clinical signs. This was, how¬ 
ever, not tested in a double-blind, placebo-controlled, and 
domized study. The alternative copper chelating drug 

2,2,2- and 2-3-2-tetramine tetrahydrochloride. 32 The 2-3-2- 

tetramine form gives higher cupriuresis in healthy dogs, and it 
has been used in one clinical study. However, only the 2,2,2- 

commercially available. 
Trientene may be more efficient in copper chelation than 
penicillamine, because copper deficiency as a result of chronic 
has only been reported for Trientene. 31 The advised dose 
for both chelators is identical: 10 to 15 mg/kg twice daily,The 
effect of Trientene in copper storage diseases has only been 
mentioned anecdotally. It is therefore difficult to advise that it 
is the most appropriate copper chelating drug for dogs. Based 
on the facts that much more experience exists with 
D-pcniciliamme in dogs, and that it remains the preferred drug 
for humans with Wilson's disease, the author's preference is to 
use D-peni c i 11 a mine. Penicillamine may have infrequent side 
efFects, mainly nausea and vomiting. It is therefore preferred 
to give it twice daily together with meals. This is also the best 
time of administration because the blood levels will be high¬ 
est at the time alimentary copper is absorbed. A second anti¬ 
copper medication is zinc 33 gluconate or acetate in capsules 
for oral use (10 mg elemental zinc/kg twice a day). In the 
intestinal tract, zinc induces metallothionein in the entero- 
cytes. This protein binds copper, and the complex is 
sequestered w r ith the senescent enterocyte into the intestinal 
lumen. Unlike chelating drugs, zinc salts should be given 
1 hour before each meal, so induction of metallothionem 
has taken place when alimentary copper is absorbed. 
Combinations of chelators and zinc salts should be avoided, 
because when the chelator binds zinc the removal of copper 
becomes less effective. The positive effect of zinc therapy has 
been evaluated critically in humans and has been reported 
anecdotally in dogs with copper storage disease. The indica¬ 
tions for zinc therapy and chelating drugs are different. 
Chelators bind free copper actively and thus are an effective 
way to quickly remove the free intracellular copper that 
causes the hepatic damage. Copper chelators should be used 
as a routine for about 3 months to achieve complete inactiv¬ 
ity of the hepatitis. Zinc should be used as a preventive drug 
to avoid accumulation of free copper in the liver. It is there¬ 
fore especially effective when given to young dogs in which 
copper storage has been diagnosed but in which no hepatitis 

is present yet This was usually done by copper measurement 
in liver biopsies of Bedlington terriers when they were 1 year 
old. At that age copper accumulation is sufficient to he diag¬ 
nostic hut not vet enough to produce hepatitis. The author's 
clinic has treated about 70 young Bedlington terriers with 


subclinical copper toxicosis life-long with zinc gluconate 

(clinical disease has been prevented in all cases). Presently, 
DNA tests can be performed at young age so that liver biop¬ 
sies can be avoided. It is also possible to treat dogs with clini¬ 
cal disease due to copper excess for several months with 
D-penicillamine; when liver biopsies prove recovery from 
hepatitis, renewed accumulation can be prevented with life¬ 
long zinc medication. Zinc gluconate has side effects other 
than transient in appetence in rare cases. Very long treatment 
can induce copper deficiency. 32 It is cheap and therefore the 
preferred form of treatment to prevent copper-associated 
hepatitis. When higher than the recommended doses are given 
very long, zinc intoxication can cause hemolytic anemia. The 
third potential form of medication for copper storage diseases 
is through antioxidants, ft is more logical to treat the cause by 
removing copper by chelation rather than to fight the effects. 
However, in rare cases in which 


as 


excessive copper causes 
hemolytic crisis, 3 ^ 3 it may be advisable to combine chelating 
drugs and antioxidants such as SAMe, silymarin, or vitamin E. 


Treatment of Ascites in Chronic Liver Disease 

Ascites typically is a late sign of decompensation in the course 
of chronic liver diseases, such as chronic hepatitis, cirrhosis, 
and portal vein hypoplasia in dogs. Cats very rarely have 
ascites due to chronic liver disease. The portal blood pressure 
is only high enough to cause ascites without hypoalbumine- 

cases of acute complete obstruction of the portal vein 
by thrombosis and congenital arteriovenous fistulas. Whatever 
the cause, in all liver diseases associated with ascites the high 
portal pressure may also lead to formation of portosystemic 
collateral vessels and various grades of hepatic encephalop¬ 
athy (HE), The potential risk for HE brings the need to use 
diuretics with caution. 35 The main complicating factors by 
which HE may induce coma that may be lethal are alkalosis 
and hypokalemia. Only the non ionized NH 3 form of 
nia penetrates cellular (neuronal) membranes. In any form of 
alkalosis the reaction equilibrium: NH 3 +H + NH/ shifts to 
the left. Therefore ammonia is much more toxic in alkalosis. 
In case of hypokalemia the plasma potassium is replenished 
by shift of potassium from the cells, in exchange with sodium 
and hydrogen ions. The resulting hydrogen shift causes alkalo¬ 
sis in the extracellular fluid and acidosis in the cells so that 
ammonia can easily penetrate cells. Intracellularly it becomes 

ionized in which form it cannot leave the cell. Blood_ 

nia, which is the best parameter to monitor HE, may then be 
surprisingly low in relation to the severity HE because most of 
it is trapped inside the cells. This cellular ammonia trap is 

easily activated with the use of most diuretics. It is therefore 
better to use 
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potassium-sparing aldosterone receptor antago¬ 
nizing diuretics, such as spironolactone (2 to 4 mg/kg twice a 
day). Only if the dog eats well enough to have adequate 
supply of alimentary potassium to substitute the renal loss 
can loop diuretics be used. Combinations of furosemide and 
spironolactone may be very effective to treat ascites. It i: 

important to monitor blood pH and potassium and to correct 
potassium deficiency. 

In a relatively short period of several days or weeks, the 
abdominal accumulation of free fluid can account for 
fluid than the entire circulating volume. In this period the 

renin-angiotensin-aldosterone system is highly activated, 

resulting in sodium and water retention and potassium loss. 
Intravenous fluid therapy and potassium compensation i 
cssary when the dog does not eat or drink sufficiently. 
Complete paracentesis of ascetic fluid may complicate HE 
and should be avoided in liver patients. 

Chronic hepatitis and even cirrhosis with active inflamma¬ 
tion may improve so much upon treatment with cortico¬ 
steroid $ that the disappearance of the inflammatory infiltrates 
provides 
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remission of ascites. A low-sodium diet may help to keep the 
ascites controlled. 

Treatment of Hepatic Encephalopathy 

The source of the known toxins causing brain neurotransmit¬ 
ter changes known as HE is protein digestion in the intestinal 
tract. Ammonia and aromatic amino acids are the two main 
factors.- Both require portosystemic cclateral circulation, 
either congenital or acquired due to chronic portal hyperten¬ 
sion, to reach the systemic circulation and the blood-brain 
barrier. The reserve capacity of the liver in dogs is enough to 
prevent HE in liver disease without collateral circulation. Cats 
do not make the essentia! amino acid arginine, and HE may 
occur without shunting as a result of fasting. Arginine is an 
essential intermediate of the hepatic urea cycle, and deficiency 
causes inadequate detoxification of ammonia. These cats often 

develop hepatic lipidosis simultaneously. Lipidosis and HE are 
a manifestation of their inability to synthesize several essential 
amino acids, Large variations in susceptibility to these effects 
exist between cats. 

Management of HE is different for dogs and cats with con* 
genital or acquired portosystemic shunting and cats with HE 
due to fasting hyperammonemia resulting from arginine defi¬ 
ciency. Portosystemic encephalopathy, which is by far the 
most common form, should be treated with an appropriate 
diet of reduced protein content with specific reduction of 
sources of aromatic amino acids. Very strict reduction of pro¬ 
teins may be counterproductive; dog studies have shown that 
prevention of catabolism (i,e., negative energy bala nce) is more 
important than strict maintenance of low-protein intake. 
Another important factor is that lactulose and soluble fiber in 
the diet helps to reduce ammonia uptake from the large 
intestines. Lactulose and soluble fibers have many effects on 
ammonia metabolism; the most important effect is that it is 
metabolized by the colonic bacterial flora to produce acids 
that reduce the pH of colonic content. Ammonia is then pre¬ 
sent in the ionic form that is not absorbed and thus lost with 
the feces. Well-balanced commercial liver-support diets 
available that meet these requirements of adequate energy 
content, sufficient reduction of protein with special emphasis 
on aromatic amino acids, and presence of soluble fiber. These 
diets are also low in copper and sodium. Sodium reduction 
may be important if portal hypertension is present, because in 
these cases not only HE but also ascites may form with inter¬ 
related metabolic complications as described previously Low 
copper is not necessary in relation with HE or ascites, but is 
important in the management of those forms of canine hepa¬ 
titis that are thought to be caused by copper metabolic diseases. 

If diet alone is not sufficient to manage cases with por¬ 
tosystemic encephalopathy, clinicians can improve the HE 
status by giving oral lactulose. Lactulose was developed to 
treat constipation, because the disaccharide molecule is 
metabolized in the colon into multiple smaller molecules that 
increase the osmotic content of the colon and attracts w'ater 
into the feces. The best guideline for use of lactulose for man¬ 
agement of HE is to give just enough (twice daily) to reach 
slightly softer stool. The combination of diet and lactulose is 
often sufficient to manage chronic I IE for many years in cases 
in which the underlying cause cannot be treated (inoperable 
portosystemic shunts, arteriovenous fistula, portal vein hypo¬ 
plasia, inactive cirrhosis). 

Deterioration of HE may occur due to several instances 
(see Ascites), the most important being catabolism, dehydra¬ 
tion, alkalosis, hypokalemia, and formation of ascites. Sudden 
high intestinal ammonia production in the face of portosys¬ 
temic collateral circulation may also cause sudden aggravation 
of I IE. This may be caused by intestinal bleeding from gastro* 
duodenal ulcers, which rnav be associated with chronic liver 

■i 

is the most ammouiagemc protein, and 


sudden deterioration it may be important to examine and 
treat possible gastrointestinal (Cl) bleeding. Furthermore, key 
rules to control HE are measurement of blood pH, potassium, 
and ammonia, correction of hypokalemia, correction of hypo¬ 
volemia, and intravenous feeding to correct catabolism. It 
should be understood (see Ascites) that the blood level of 
ammonia and potassium are reflections but not exact repre¬ 
sentations of what is going on in the neurons. 

One factor in the pathogenesis of HE is an increased activ¬ 
ity of the neuronal GABA/benzodiazepine receptor system, 
which suppresses neuronal activity. For this reason, one 
should be extremely careful in using any sedation or anesthe¬ 
sia exploiting this receptor system. If necessary, inhalation 
anesthesia is safest, because it exploits different receptors and 
does not depend on liver function. 

Finally, additional measures exist with beneficial effects 
that have never been proven in veterinary cases. One of them 
is the use of antibiotics such as neomycin to eradicate or 
change the intestinal flora. In humans, lactulose and neomycin 
can have synergistic effects. Neomycin may he an option to 
use as an enema in combination with lactulose in rare cases of 
HE crisis. 

Hepatic Encephalopathy and Liver lipidosis in Cats 

Cats can have portosystemic encephalopathy just like dogs 
and humans. However, the cats, w r hich are susceptible to 
develop liver lipidosis when fasting J are also prone to develop 
HE due to deranged metabolism. Having a shared metabolic 
basis, feline hepatic lipidosis and non portosystemic HE 
require essentially the same therapy. With this understanding, 
the general rules concerning the influence of hypokalemia and 
alkalosis also apply to HE in cats. 

Hepatic lipidosis in cats is essentially a consequence of 
catabolism from anorexia due to any cause. Lipidosis can 
develop w ithin a few' days but may also take 2 weeks to occur. 
Some cats can withstand prolonged fasting without develop¬ 
ing clinically significant lipidosis at all. The precise pathogen¬ 
esis of lipidosis is not know r n in detail, but catabolism leads to 
decreased insulin-to-glucagon ratio in the circulation, w hich 
stimulates hormone-sensitive lipase to release fatty acids. The 
liver is the main place for their metabolism. One of the prin¬ 
ciple routes by which the liver can make fat stores suitable for 
use in other tissues is by the formation of very low-density 
lipoproteins (VLDL). One of the essences of this complex 
metabolic disorder is the unavailability of essential amino 
acids. These are necessary for different liver functions, such as 
formation of apoproteins for composition of VLDL in which 
form accumulating triglycerides can be exported from the 
liver cells, and the urea cycle in which arginine is essential. For 
treatment of both HE and lipidosis it is therefore essential to 
restore the energy balance especially by giving proteins. High- 
energy diets containing predominantly fats or sugars do not 
help these cats. Feeding liquefied baby food or commercial 
high-energy and high-protein veterinary formulations 
equally good. The goal is to restore the energy balance and 
supplement amino acid deficiencies, especially arginine and 
taurine. L-carnitine may be an important factor because it 
may help the hepatocytes to exploit fatty acids in beta oxida¬ 
tion,TTiis is the only form of HE requiring high- instead of 
low-protein feeding. A daily caloric intake around 75 keal/kg 
is adequate. The supplementation of vitamins by multivita¬ 
mins may be beneficial in cats with long-term anorexia. When 
the cat is not yet too ill, a dedicated owner can often force- 
feed with a syringe. Otherwise a gastrotomy tube is most 
appropriate for long-term force-feeding without stress for the 
cat, 37 Force-feeding is often required for several weeks until 
the cat starts eating spontaneously. It is dangerous to stimulate 
appetite by diazepam administration.The risk for HE is a con¬ 
traindication lor drugs activating the GABA/henzodiazepinv 
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receptor system, over stimulation of which is part of the 
pathogenesis of HE. Cats with hepatic lipidosis can easily 
develop insulin resistance with hyperglycemia, which may 
gradually increase to glucose levels as seen in diabetes mellitus. 
The insulin resistance implies that very large doses of insulin 
would be needed, with the inherent risk for sudden hypo¬ 
glycemia. A benefit of treatment with insulin has never been 

demonstrated, and it is advised to restrict therapy to forced 
feeding. 

Glucocorticoids are 


HEPATITIS IN DOCS 


Acute Idiopathic Hepatitis 

The cause of hepatitis is not known in most cases. Viruses may 
be the cause of acute idiopathic hepatitis in dogs in analogy to 
many other species. This implies that treatments with 

immunosuppressive drugs [prednisolone, azathloprine) that 
being used for chronic hepatitis are contraindicated for 
acute hepatitis in which there may be florid viral infection. 
Most cases of acute hepatitis recover spontaneously and need 
only supportive care with antiemetics and fluid therapy. 
Oxidative intracellular damage may in theory he part of the 
pathogenesis of many liver diseases, including acute and 
chronic hepatitis. However, a positive effect of antioxidants 
has never been shown in acute idiopathic hepatitis. Acute 
hepatitis in dogs is almost never caused by bacterial infection. 

Therefore treating with antibiotics is not needed. In acute 
hepatitis the liver reserve capacity is almost never exhausted, 
so prevention of sepsis resulting from insufficient liver func¬ 
tion by antibiotic medication is also not necessary. As a rou¬ 
tine, idiopathic acute hepatitis, which is a histopathologic 
diagnosis, does not need specific treatment. Supportive care 
may be indicated; antiemetics in case of severe vomiting and 
fluid therapy in case of dehydration. The most important 
point in making the diagnosis of acute idiopathic hepatitis is 
that the disease may progress into chronic hepatitis. Usually 
recovery lakes place in about 3 weeks. In a small number of 
cases, the author has seen acute hepatitis become chronic. 
This usually begins as a subdinical chronic hepatitis without 
clinical signs and is often unnoticeable with blood examina¬ 
tion. It is therefore recommended to take a control biopsy 
^ to 5 weeks after the diagnosis of acute idiopathic hepatitis 
so that the onset of chronic hepatitis can be discovered in an 
early phase. Beginning forms of chronic hepatitis can be 
treated very successfully with prednisolone (5 to 6 weeks 
1 mg/kg/day, divided over two doses}, preventing advanced 
fibrosis or cirrhosis. Untreated cases wifi become clinical in 
the very chronic stage, which is about 4 to 8 months later. In 
that stage it is usually not possible to achieve complete 
ery of fibrotic damage. 


are 


contraindicated because they stimu¬ 
late lipolysis and fatty acid accumulation in the liver, induce 
catabolism, and increase the risk for hyperglycemia. Some 
authors advocate the use of antibiotics for cats with hepatic 
lipidosis, but a positive effect has never been proven. In the 
author’s clinic, antibiotics are not given as a routine. 

It is essential to try to identify the primary cause of 
anorexia. Not eating is very nonspecific and occurs for multi¬ 
ple reasons. It is often impossible to find an underlying disease. 
The reader should note that this may also be a primary liver 
disease 38 that may remain undiscovered when the diagnosis 
of lipidosis is based on thin needle aspirates of the liver 
Neutrophilic or lymphocytic cholangitis and hepatic lymph 

□re the most frequent hepatobiliary diseases causing 
lipidosis. Finally, it is important to realize that some cats 
metabolically predisposed to develop lipidosis and nonporto- 
systemit HE, whereas other cats can withstand negative 
energy balance reasonably well. The predisposed cats will easily 
develop the same syndrome later in their lives, and it is impor¬ 
tant that owners understand this risk. Successful management 
is primarily dependent on early recognition of these metabolic 

disorders. 
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Dietary Therapies for Liver Disease 

The most important requirements for dietary management of 
liver diseases have already been mentioned under ascites, HE, 
and feline hepatic lipidosis. Only the copper content of dog 
food requires an additional remark. Several cop per-associated 
forms of chronic hepatitis exist in dogs. With careful evalua¬ 
tion of the causes of hepatitis in different breeds, clinicians 
may discover more forms of hepatitis in which abnormal 
copper metabolism is the primary problem. The goal is not 
only to treat these cases successfully with chelating and other 
drugs but also to prevent disease. This may at least in part be 
achieved by feeding a low-copper diet. It is very difficult to 
formulate a home-cooked diet containing very low copper. 
A realistic alternative is to use one of the commercial liver 
diets that contain much lower copper than regular diets. 


recov- 


Hepatitis and Necrosis Due to Phalloidine 
or Acetaminophen Intoxication 

It is important to ask the owner if acetaminophen or mush- 

toxins (phalloidine) may have been ingested recendy. 
These toxic forms of hepatitis are caused by oxidative damage 
and require specific treatment. Phalloidine intoxication 
should be treated with silymam (50 mg/kg/day) for 3 to 
5 days. The success depends on early recognition and immediate 
therapy, Silymarin has been reported to lose its effect when 
given a few hours after intoxication. Any other antioxidant 
therapy such as SAMe should also be useful, but reports have 
focused on silymarin, 9 Supportive care, induction of vomiting 
in very acute intoxication, and measures to prevent or reduce 
HE are also indicated. Many dogs die within 1 week due to 
liver and kidney failure. Acetaminophen intoxication should 
be treated similar to phalloidine intoxication. Several reports 
exist concerning the favorable effect of SAMe treatment 12 H 
for acetaminophen Intoxication (800 mg/kg/day), but the clas¬ 
sical treatment is with the combination of N-acetylcysteine 10 
(140 mg/kg orally, every 6 hours during 3 days), vitamin C 
(25 to 35 mg/kg orally, every 6 hours for 2 days), and cimetidine 
5 mg/kg twice a day for 4 days. Historically, acetaminophen 
and phalloidine intoxication have different treatments, but it 
is logical to expect good effect of both silymarin and SAMe, 
conjunction with symptomatic therapy. Dogs with 

acetaminophen intoxication may have hemolysis and blood 
transfusion may he required 
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PARENCHYMAL LIVER DISEASES 


Parenchymal liver diseases may be divided into metabolic dis¬ 
eases affecting the liver (such as steroid hepatopathv, lipidosis 
of the liver in case of diabetes, or induced by catabohsm In 
fasting cats), systemic diseases secondarily involving the liver 
(hypoxic necrosis of the liver, nonspecific reactive hepatitis 
due to endotoxemia), primary hepatitis (chronic or acute) of 
toxic, viral or unknown cause, copper storage diseases with 
secondary hepatitis, and the end-stage of each form of chronic 
hepatitis: cirrhosis. Many of the metabolic diseases and the 
diseases in which the liver is secondarily involved do not 
require specific treatment. The regenerative capacity of the 
liver will result in spontaneous recovery upon successful treat¬ 
ment of the underlying disease. Parenchymal liver diseases 
that need specific treatment are acute and chronic hepatitis 
(including lobular dissecting hepatitis) and copper-associated 

hepatitis in dogs, cirrhosis in dogs, hepatic abscesses in dogs, 
and hepatic lipidosis in cats. 
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has stopped can be achieved with zmc salts. Details are given 
in the general section of this chapter. Dobermans, especially 
5 to 7 years old females, may display a specific form of hep¬ 
atitis, called Doberman hepatitis . The prognosis of this disease 
has generally been reported to be bad, and in the author s 
clinic almost all Dobermans with this disease die on the usual 
medications. Ln the author's clinic, Doberman hepatitis has 
been treated with penicillamine alone; and this has resulted in 
complete remission of the disease. This may be regarded 
support for the hypothesis that copper storage plays 
causative role in this disease. Double blind, placebo-controlled, 

randomized studies are needed. 


Leptospirosis 

Leptospirosis is an acute disease, primarily of the kidneys, but 
it also causes a nonspecific reactive hepatitis with intrahepatic 
cholestasis. Icterus is therefore common, although the symp¬ 
toms arise mainly from acute nephritis, 

disease displaying icterus and acute renal failure should 
be treated immediately with ampicillin or amoxicillin and 
cl a vu! an ate. 40 - 41 Early institution of antil'otic therapy may be 
life saving. If the diagnosis is confirmed by high immunoglob¬ 
ulin M (IgM) titers, antibiotics are continued until kidney 
function is restored. Then latent bacteria in tubular epithelial 
cells that may cause leptospiruria should be eradicated with 
streptomycin given for 2 consecutive days. The acute renal 
failure should also be treated with fluid therapy. 


Each dog with 


39-40 


acute 
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Lobular Dissecting Hepatitis 

This is a very severe form of hepatitis that develops rapidly 
and is usually lethal within 2 to 4 weeks. Extremely pro¬ 
nounced fibrosis occurs, which is the reason that despite the 

this disease is classified under the chronic forms 


Liver Abscess 

Liver abscesses are rare in dogs and cats, treatment is by sur¬ 
gical removal after pretreatment w'ith antibiotics. The choice 
for specific antibiotics should be based on culture of an ultra¬ 
sound-guided thin needle aspirate. Staphylococcus and 
Clostridium are most common. Antibiotics should be admin* 
istered long-term, (6 to 8 weeks). Hepatic abscesses occur 
predominantly in older dogs, and in the author's experience 

have a liver cell carcinoma with central necrosis 


acute course, 

of hepatitis. The disease occurs more in younger dogs and 
affects all breeds and both sexes. Medication with immune* 
suppressive drugs is usually without success. No reports exist 
successful medical treatment for this disease. Treatment 
with colchicine 22 23 is appropriate for this disease. 


on 


many cases 

that became secondarily infected. This can easily be missed; 
therefore clinicians should also take histologic biopsies from 
the margins of the abscess. 


DISEASES OF THE BILIARY SYSTEM 


Destructive Cholangiolitls in Dogs 

This is strictly not a form of hepatitis but an idiosyncratic 
reaction in dogs, nearly always to drugs containing sulfon¬ 
amides. Necrosis of the smaller intrahepatic bile ductules is 
the result, and these dogs display extremely severe intrahep¬ 
atic cholestasis. The first action is immediate withdrawal of 
the sulfonamide medication. The necrosis of the intrahepatic 
bile ductules is irreversible, and the only hope is that it is pos¬ 
sible to save and exploit the remaining biliary system. In the 
author's experience, it is essential to start treatment with 
UDCA immediately. As a rule, life-long medication is needed 
to exploit the remaining biliary system optimally. When the 
dog shows enough response to justify hope for a long-term 
survival, the clinician should evaluate the long-term reaction 
in the liver. Chronic cholestasis may induce a chronic damage 
to the liver with continuous loss of functional hepatocytes and 
activation of the deposition of fibrous tissue. This may finally 
produce portoportal bridging fibrosis in the liver (biliary fibro¬ 
sis) that, although the architecture of the liver lobules remains 
in tact, can give rise to portal hypertension. Ascites and for¬ 
mation of acquired portosystemic shunting may result. Long¬ 
term progress can often be predicted by evaluating liver 
biopsies 2 to 3 months after the start of treatment, if enough 
capacity of the intrahepatic biliary system remains, some dogs 

be maintained w r ith continuous ursodeoxycholic acid 
medication. In decompensating cases, supportive treatment or 
prevention of HE or ascites is indicated. 


Chronic Idiopathic Hepatitis 

Chronic hepatitis is one of the most frequent liver diseases in 
dogs. In most cases it is not possible to indicate a cause (idio¬ 
pathic hepatitis). The inflammatory cells are lymphocytes and 
plasma cells, indicating that at least part of the pathogenesis 
may be immune-mediated. The only w T eIl-documented ther¬ 
apy is with glucocorticoids. Prednisolone should be given until 
the inflammation [liver cell necrosis and infiltration with 
inflammatory cells) has recovered completely. 1 This cannot be 
concluded based on clinical signs or blood examination 
because both will be influenced by the glucocorticoid treat¬ 
ment. Therefore the only reliable way to evaluate the result is 
with repeated liver biopsies. It is usually possible to predict 
approximately how long the medication should be continued. 
High activity necrosis of hepatocytes and presence of inflam¬ 
matory cells) of the inflammation and high degree of fibrosis 
indicate the need for longer treatment than in cases of low 
active inflammation with little fibrosis. As a rule, chronic hep¬ 
atitis should be treated for at least 6 weeks; severe eases 
require longer treatment up to 10 to 12 weeks. Dose regimens 
vary. Our routine is to use a continuous dose of 1 mg/kg/day, 
divided over two daily doses. In the author's experience, lower 
doses (0.5 mg/kg/day), medication on alternating days, or 
both is often less effective to achieve complete remission of 
the disease. If unacceptable side effects indicate the need to 
decrease the prednisolone, combination therapy with azathio- 

prine can be given [both drugs 0.5 mg/kg/day). 

Complete remission of the disease occurs in most of the 
cases. Fibre tic changes are usually permanent. When inflam¬ 
mation disappears the dogs are usually symptomless. Severe 
fibrosis or cirrhosis may require life-long support by dietary 

measures and lactulose. 

Copper-Associated Hepatitis 

Copper-associated forms of hepatitis occur in Bedlington 
terriers, West Highland w r hite terriers, Skye terriers, Dalmatian 
dogs, and Turkish shepherds. If active hepatitis is found, treat¬ 
ment should be w ith copper chelating drugs such as penicil¬ 
lamine, Prevention of clinical disease in cases diagnosed early or 
maintenance therapy with chelation w 


may 


Neutrophilic Cholangitis in Cats 

This disease is characterized by a neutrophilic inflammation 
of the biliary tract. The synonym is suppurative or acute 
cholangitis. This is essentially a septic disease, and it is there¬ 
fore required to sample bile from the gall bladder by ultrasound- 
guided puncture with a thin needle for cytologic evaluation 
and both aerobic and anaerobic culture w r ith sensitivity testing. 
In the vast majority of cases E. coli is cultured, but Staphylococci 
other bacteria may also be identified. It may in some cases 
be an infection superimposed on pre-existing bile duct obstruc¬ 
tion associated with cholelithiasis, pancreatic, or intestinal dis¬ 
ease, 42 Bile duct obstruction requires surgical decompression 
and antibiotic medication guided by culture of bile. The true 
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uncomplicated neutrophilic cholangitis is an acute disease 

characterized only by bacterial infection of the bile ducts, as 

evaluated with the combination of bile culture, liver histology, 

and ultrasonography. Uncomplicated neutrophilic cholangitis 

responds quickly to antibiotic therapy, Amoxidllin-clavulanate, 

amoxicillin, or ampidlhn may be the first choice treatment 

until the results of culture become available. Treatment for _ 

least 4 weeks is necessary. If pre-existing bile duct disease is 

present, the treatment should be adjusted accordingly. The 

additional use of UDCA is often advised, but in the author's 

experience single antibiotic therapy is adequate in nearly all 
uncomplicated cases. 


with glucocorticoids (2 to 4 mg/kg/day). However, this has 
been found to be ineffective in most cases. 42 As confirmed by 
the author's experience, any response to even very long-term 
high-dose glucocorticoid medication is rare. Alternatively, 
methotrexate in addition to glucocorticoids has been 
proposed, 42 because this is used for human autoimmune disor¬ 
ders. However, this treatment is not without risk, and a positive 
effect has not yet been reported. Similarly, metronidazole 
may have an effect on cell-mediated immunity, and it has 
been advocated in combination with glucocorticoids. 
However, no reports are available on the evaluation of this 

combination. 


at 


UDCA may be the only generally advised drug for which 
at least a theoretic basis exists. It has beneficial effects 
cholestatic diseases in different ways. Positive effects on non¬ 
obstructive cholestatic disease have been proven in human 
cholestatic diseases. UDCA (15 mg/kg/day, divided over two 
doses) is advised as the main therapy for this disease. Treatment 
should be given until the disease has resolved, which in many 
cats implies life-long medication. No adverse effects of this 
therapy have been reported in dogs or cats. It is imperative to 
exclude extrahepatic bile duct obstruction before 
UDCA medication. 

Antibiotics may have a place in the treatment of cats with 
lymphocytic cholangitis, but no reports exist concerning the 
effect of chronic antibiotic medication. It is not logical to treat 
all cats with antibiotics. The bile culture (aerobic and anaero¬ 
bic) is positive in some cats, presumably due to secondary' infec¬ 
tion of the abnormal biliary system. It is advised to perform gall 
bladder puncture to obtain bile for culture and cytologic exam¬ 
ination in all cats with cholangitis. Cats with a positive culture 
require antibiotics, based on the sensitivity tests. Long-term 
treatment is needed (6 to 8 weeks). At present, one should 
accept that the cause and pathogenesis of lymphocytic 
cholangitis is unknown, and that therapy is in most cases does 

not induce remission. Clinical improvement and slackening of 
the progression may 

If liver fluke infestation is present or suspected based on 
liver histology, the preferred treatment is with praziquantel 
(Droncit), Medication for 3 days (20 mg/kg/day) is most 
commonly given, but reinfections may occur It is important 
to evaluate feces for fluke eggs after medication. 


Lymphocytic Cholangitis in Cots 

This is 


on 


very chronic disease of the bile ducts (both intra- and 
extrahepatic). Secondary inflammation with fibrosis may also 
affect the portal tracts. Both in the bile system and in the 
portal tracts, lymphocytes are the predominant inflammatory 
cell type. Because the principle site of the disease is the bile 
system and not the liver, the standardized name is lymphocytic 
cholangitis (synonyms cholangiohepadtis, chronic or lympho- 
plasmacytic or nonsuppurative cholangitis, sclerosing cholan¬ 
gitis), The cause is unknown, but a similar form of chronic 
cholangitis may be due to liver fluke infestation, which occurs 
on all continents. The very chronic bile duct inflammation of 
lymphocytic cholangitis causes irregularly distended, fibrotic 
bile ducts that are prone to secondary bacterial infection. The 
wide, irregular, but still more or less patent bile ducts that are 
visible on ultrasonography, should be distinguished from dis¬ 
tension due to extrahepatic bile duct obstruction. In case of 
obstruction, treatment with UDCA is contraindicated, 4 
whereas it is one of the most usefbl medications for lympho¬ 
cytic cholangitis. In most cases the difference can only be 
made with histologic examination of a liver biopsy. The two 
diseases have different histological characteristics. Liver fluke 

eggs may also be visible histologically in the bile ducts, but 
they should also be evaluated with fecal 


starting 


examination. 

Agreement on treatment of lymphocytic cholangitis is 
not yet settled. Similarities exist (with human primary 
sclerosing cholangitis and primary biliary cirrhosis) for which 
the pathogenesis is equally unknowm but has been proposed 
to be autoimmune. This has prompted treatment of these cats 
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Inflammatory Canine Hepatic 


Disease 


Michael D, Willard 


CHRONIC HEPATITIS 


exists that is associated with 


predominately lympho- 
plasmacytic inflammation that typically progresses to fibrosis 
and cirrhosis. The cause, if known, should be included as 
adjective (e g,, drug-induced CH, copper-associated CH); 
otherwise the CH is termed idiopathic. Additional descriptors 
fi.e., mild, moderate, severe) of the severity of the inflammation 
and ol the chronidty as indicated by fibrosis are desirable, 13 


C hronic hepatitis (CH) refers to a syndrome that has previ¬ 
ously been identified by several names (e.g., chronic active 
hepatitis, chronic persistent hepatitis, chronic lobar hepatitis). 
In this chapter, C.H will refer to chronic (i e„ >6 months) 
canine hepatic disease 
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either uncertain or the copper accumulation is thought to be 
an epiphenomenon. Excessive hepatic copper accumulation 
ndary to hepatitis may be clinically insignificant, but 
hypothetically it might be able to further aggravate hepatic 

injury- Normal dogs generally have less than or equal to 400 |ig 
copper/gm hepatic tissue, dry weight (i.e., parts per million 
[ppm]). 8 Dogs with greater than 2000 ppm usually have hep- 
atic disease caused by copper, although one author stated that 
dogs may have 3500 ppm before hepatic disease occurs. 9 
In dogs with hepatic disease, hepatic copper levels less than 
1000 ppm are probably secondary to hepatic disease, concern 
trations greater than 2000 ppm are probably primary causes 
of hepatic disease, and concentrations greater than 1000 ppm 

are possibly primary causes. 8 * 10 

Iron also accumulates in the livers of dogs with hepatic dis¬ 
ease. In one study, 54 of 95 dogs (56 of which had histologic 
evidence of hepatic disease) had excessive hepatic iron, 13 
whereas in another study, 32 of 34 dogs w ith CH had increased 
hepatic iron. 12 Normal hepatic iron is 400 to 1200 ppm, but 
some dogs had up to 7680 ppm with a mean of 1354 ppm. 11 

The presence of iron was correlated with the presence of hepa¬ 
tic injury, but there was not a linear relationship between the 
amount of iron and the degree of hepatic pathology. The iron 
accumulated in Kupffer cells and macrophages but not hepato- 

not hemochromatosis as reported in 


CH may have various causes (e g-, copper, drugs, infectious 
agents), and familial tendencies exist. Breeds that have been 
reported to have an increased frequency of CH include 
Doberman pinschers, Bedlington terriers, West Highland 
w hite terriers, Cocker spaniels, dalmatians, Skye terriers, stan¬ 
dard poodles, Labrador retrievers, German shepherd dogs, 
Scottish terriers, and beagles. 1 t2,4|S Dogs 4 to 7 years old seem 
more commonly affected- Some papers suggest that females 

commonly affected, whereas others suggest that 
both sexes are at risk. However, particular breeds have definite 

predilections (e.g,, female Doberman pinschers, male 

cocker spaniels). 1 " 3 

Most dogs with CH have idiopathic disease, and immune 
mechanisms may play an important role in some animals. 2 3 In 
recent study, CD3+ lymphocytes were the most common 
lymphoid cells in the liver of 16 dogs with CH. The number 
of CD3+ cells was positively correlated w'ith necrosis, and 
these lymphoid cells occasionally surrounded degenerating 
hepatocytes. Inflammation was worse in the earlier stages 
but then decreased as the livers became cirrhotic. 6 Whether 
this immune response was the cause of or an effect of the hep¬ 
atitis remains to be elucidated. This is in keeping w ith another 
report that found that 54% of the hepatic lymphocytes in 
normal dogs were CD3+ cells. 7 Antinuclear antibodies and 
antibodies to liver membrane proteins have also been found in 

dogs with CH, but again, cause and effect has not been 
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cytes; therefore it was 
people. Rather, iron accumulation seems secondary to inflam¬ 
mation, necrosis, or copper accumulation (or a combination of 
these conditions). Some have hypothesized that such secondary 
iron accumulation in the hepatic parenchyma may aggravate 
existing hepatic damage. 11 

Alpha-1 antitrypsin (al-AT), also known as alpha-1 pro¬ 
tease Inhibitor, has been hypothesized to be a cause of canine 
CH. 1 Accumulation of a genetically defective al-AT in hepa¬ 
tocytes in people causes bepatocyte death and low circulating 
concentrations of a I-AT As hepatocytes accumulate al-AT, 
they die and attract mononuclear cells with cytokines that 

production of more al-AT. In a study of 57 dogs with 
hepatic disease, 37 had al-AT in their livers. 13 The authors 
noted that al-AT accumulation was more frequently seen in 
dogs with chronic progressive hepatitis or cirrhosis. However, 
it was uncertain whether the al-AT was the cause or effect of 
hepatic disease. 

Clinical signs of dogs with CH vary with the stage at which 
they are diagnosed. Because CH is a slow, insidious disease, 
clinical signs are seldom apparent until the disease is relatively 
advanced. A patient w ith a sudden onset of clinical signs may 
have advanced disease. Dogs presenting in severe hepatic 
failure (e.g., with cirrhosis) typically are lethargic, depressed, 
anorexic, vomiting, weak, and have weight loss, polyuria/ 
polydipsia (FU/PD), and/or ascites (or a combination of these 
problems). 12 Diarrhea is relatively common, but is typically 
not as prominent as is seen in patients with intestinal disease. 
Icterus is relatively uncommon, and seizures (e.g., hepatic 

phalopathy), bleeding, and fever tend to be relatively rare. 
Dogs that have somewhat advanced disease but are not in 

failure often show lethargy, poor appetite, weight loss, 
and vomiting as prominent findings. Some animals are fortu¬ 
itously diagnosed when routine health screening or blood test¬ 
ing for other diseases reveals occult hepatic disease. These 
patients may be clinically normal and yet have reasonably 
advanced disease (even hepatic fibrosis) for w T hich the patient 
is still compensating- This has major ramifications when consid¬ 
ering anesthetic procedures. Hepatocutaneous syndrome is not 

typically associated with CH, although West Highland white 
terriers and Cocker spaniels seem to be at increased risk for 

both. 14 

Clinical laboratory findings in dogs with CH are primarily 
characterized by increased alanine aminotransferase (ALT), 1 ' 312 
and approximated 90% have ALT? five to 1 P times the upp 


some 
clarified. 12 

Copper accumulation has been associated with CH in 

several breeds (Box 227-1). In Bedlington terriers, hepatic 

copper accumulation is the cause of the hepatitis; however, 
copper may accumulate secondary to cholestasis. In most 
other breeds the relationship between copper and CH is 
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Box 

Breeds That Have Been Associated unth Increased 
Hepatic Copper Concentrations 


cause 


Bedlington terrier 
Airedale terrier 
Bull terrier 

Bulldog 
Cocker spaniel 

Collie 

Dachshund 
Dalmatian 
Doberman pinscher 
German shepherd dog 
Golden retriever 
Keeshond 
Kerry blue terrier 
Labrador retriever 
Norwich terrier 
Old English sheepdog 

Pekingese 

Poodle 

Sa m oy ed 
Schnauzer 
Skye terrier 

West Highland white terrier 
Wire fox terrier 
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From Rolfe DS, Twrdt DC- Cop per-associated hepatopathies in dogs. 
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limit of normal. 2 Serum alkaline phosphatase (SAP) is often 
increased, but the pattern is often not that of the common 
steroid hepatopathies in which the SAP is typically many 
times higher than the ALT. However, if CH progresses to cir¬ 
rhosis, hepatic enzymes may decrease to the reference 


plus severe bridging fibrosis) may be seen. Rarely portal vein 
thrombosis occurs, although this is more comrnonly seen i 
other inflammatory disorders. 

Therapy for CH involves reducing inflammation, alleviat¬ 
ing the cause when possible (e.g., reducing hepatic copper 
levels when they pose a risk to the patient), antioxidant 
therapy reducing or preventing fibrosis, treating hepatic 
encephalopathy, and supportive therapy (See elsewhere in 
this text for a detailed discussion of therapeutic principals.) 

Reducing inflammation typically involves glucocorticoid 
therapy. 12 Steroids are thought to benefit the patient by their 
anti-inflammatory effects and by their ability to inhibit fibro¬ 
sis and stimulate appetite* Glucocorticoids purportedly also 
decrease intestinal copper absorption. Glucocorticoids typi¬ 
cally make the patient feel better and seem to prolong life in 
patients diagnosed before end-stage hepatic disease occurs, s 

However, if the patient shows signs of advanced hepatic 
failure, steroids seldom help much. Dexamethasone tends 

side effects (e.g., hemorrhagic gastroenteritis) 
than prednisolone. Iatrogenic hypoadrenocorticism should 
be avoided. Prednisolone (2.2 mg/kg orally once a day) is 
administered, and the dose is tapered as soon as clinical signs 
and hepatic enzymes evidence substantial improvement. 
Repeated pulses of high-dose therapy may be needed. 
Steroids typically cause a further rise in the SAP, although the 
ALT should decrease if the CH is being controlled. If steroid 
therapy is ineffective or if excessive side effects occur, aza- 
thiopnne (Imuran) given at 2.2 mg/kg orally every other day 

may be beneficial. Concurrent use of allopurinol increases the 
likelihood of toxicity from azathioprine. 2 

Oxidation is a significant mechanism of hepatic damage, as 
seen when excessive copper is accumulated 2 ; therefore 
antioxidants are typically administered. Although no critical 
studies are available that demonstrate efficacy in dogs with 

CH, w r ater-solub!e Vitamin E is typically administered [400 to 

600 IV orally once a day) because of its safety, minimal cost, 

and potential benefit, S-adenosyLL-methionme (SAMe), 

precursor of glutathione and a methyl donor for methyla- 
re actio ns, has benefited animals and people exposed 
to excessive alcohol. 12 Milk thistle, a herbal compound used 
for hepatic disease In people, has silymarin as the active com¬ 
plex. Silymarin increases superoxide dismutase in cells and 

concentrations of glutathione and glutathione peroxi¬ 
dase. 10 A meta-analysis showed that milk thistle was safe and 
w-ell tolerated in people with chronic hepatic disease. It did 
not have a demonstrable effect on outcome in most cases, but 

study showed that people with alcoholic cirrhosis 
benefited. 10 


in 


Hypoalbuminemia, hypocholesterolemia, or both are often 
present when hepatic insufficiency occurs, and finding these 
two changes simultaneously strongly suggests either hepatic 
insufficiency (e.g,, cirrhosis) or protein-losing enteropathy. 
Hyperglobulinemia occurs less commonly (25%) than hypoal¬ 
buminemia (40%). 2 Decreased blood urea nitrogen (BUN) 
may be due to hepatic insufficiency, decreased protein intake, 
excessive loss due to polyuria; all of which 


or 


mm^rn I P i pppi may occur in 

patients with CH- Serum bile acids and ammonia tolerance 

testing are usually abnormal in dogs with CH. 

Hypoalbuminemia was reported to be prognostic in one 
study 2 but not in another, 15 Approximately 75% of cirrhotic 
patients are bypoalbu minemie 2 ; however, not all dogs with 
hypoalbuminemia have progressed to cirrhosis. Hypo¬ 
albuminemia coupled with normal or increased alpha-1 
antitrypsin and haptoglobin has been reported in patients 
with severe hepatic disease that have the potential 

Hypoglycemia is rare and has been suggested to 
have ominous prognostic implications. 2 

Expected hematologic abnormalities include minor anemia 
(e.g., anemia of chronic disease), sometimes with microcy¬ 
tosis, leukocytosis, and thrombocytopenia (if consumption of 
platelets occurs). Approximately 10% to 60% of cases have 
prolonged prothrombin time (PT) and partial thromboplastin 
time (PTT), 2 ^ and a prolonged PT may be prognostic 2 If 
ascites is present, it is usually either a modified transudate 
low-protein transudate associated with fibrosis or cirrhosis. 

Physical examination is often relatively unremarkable 
unless ascites is present. Icterus is uncommon, but poor body 
condition is reasonably typical. Abdominal radiographs are 
usually unrevealing unless ascites or microhepatia is present. 
Ultrasonographic changes are typically nonspecific unless obvi¬ 
ous microhepatia, ascites, or nodularity of the liver is found* 
Sometimes multiple acquired portosystemic shunting is 
detected. Rarely, ultrasound will reveal target lesions. 

Definitive diagnosis of CH requires histology* Tru-Cut® 
needle biopsies can be diagnostic, but they can also miss 
important histologic changes that surgical or laparoscopic sam¬ 
ples are more likely to find. Laparoscopy and surgery allow 
biopsy of multiple hepatic lobes and can detect gross changes 
not revealed with ultrasound, thus allowing one to direct 
biopsy to specific areas of the liver. 

Diagnosing CH requires finding inflammation and piece¬ 
meal necrosis (i.e., necrosis of the hepatoeytes adjacent to the 

portal tract—the "limiting plate”}, 1 ' 3 the inflammation 
consists primarily of lymphocytes and plasma cells. Small 
numbers of neutrophils and macrophages may be present* 
however, granulomatous reactions are not expected in CK 
Necrosis first involves destruction of hepatoeytes adjacent to 
the limiting plate, but with time the necrosis extends from the 
portal area to the central veins (i.e., bridging necrosis). 
Copper is often present and can be detected by special stains 
(e,g., rubeanie acid and rhodanine) when it exceeds 400 ppm 
or by quantitative analysis. 3 Atomic absorption analysis 
requires approximately 1 g of tissue. The tissue sample should 
be shipped frozen or refrigerated to the lab in a copper-free 
serum blood tube. Formalin may contain copper and can 

confuse the analysis. 0 Increased Kupffer cell iron stores have 
been reported in some affected dogs. 

Hydropic change (i.e., vacuolar change typical of steroid 
hepatopathy) is common and may reflect excessive endoge¬ 
nous steroid release due to disease. Nodular regeneration is 

also commonly seen . 2 Fibrosis is expected in dogs with 
advanced CH, and cirrhotic change [i.e,, regenerative nodules 
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Ursodeoxycholic acid has a hepa to protective effect, prob¬ 
ably due to displacing hydrophobic bile acids (e.g., lithocholic 
acid) from hepatocyte membranes, and has also been touted 
having immunomodulatory properties! 2 Jts use at 15 mg/kg 
orally, once a day in a dog with CH'.was associated with 
improvement of hepatic enzymes. 1 It rarely causes diarrhea, 
but does have a hypercholeretic effect and should not be 
administered to dogs with biliary tract ot&truction. 

excessive hepatic'Copper accumulation 
(2000 ppm) should be treated with copper chelation therapy, 
oral zinc therapy, or both to prevent absorption of copper. 
Copper chelation typically involves administering penicillamine 
(10 to 15 mg/kg orally, twice a day),*Affected Belingto 
treated with penicillamine can lose 900 ppYn copper per year, 0 
whereas other breeds (e.g., Doberman-pWhers) may respond 
faster. 1 Some patients experience clinkikimprovement despite 
persistence of hepatic copper concentrations. Penicillamine 
seems to have anti-inflammatory inhibits fibrosis. 

Penicillamine therapy causes vomitm&Wrfpproximate!v 30% 

of treated animals, and adminisTering'-it with food 
decrease such side effects. Tneniine (Jilio 15 mg/kg orally 
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azathioprine, penicillamine zinc, and vitamin E appear to 
have antifibrotic effects, 120 Once severe fibrosis has occurred, 
colchicine therapy may be considered. Colchicine is a micro¬ 
tubule assembly inhibitor that increases collagenase activity. 
Colchicine (0.03 mg/kg orally once a day) was associated 

with improved histology (i.e., decreased fibrosis) in one dog. 
It has been used in other dogs, but it is difficult to confidently 
ascribe beneficial results to colchicine because of limited 
experience. 2 Although frequently prescribed, no controlled 
drug trials have proven its value. 

Chronic Hepatitis in the Doberman Pinscher 

Middle-aged, female Doberman pinschers are at increased 
risk for severe CH with subsequent cirrhosis, 1221 Clinical 
presentation and clinical pathology findings are as described 
under CH, but PU/PD, splenomegaly neutrophilic leuko¬ 
cytosis, normal to increased PCV, 2 and bleeding may be 
more common than in affected patients of other breeds. 
Because these dogs are particularly prone to severe CH and 
cirrhosis, they are noticeably fragile; even minimal anesthesia 
can cause severe, acute decompensation. Many patients with 
clinical illness die within weeks of first signs of disease. Some 
affected Dobermans are referred for suspected diabetes 

insipidus due to severe PU/PD. If CH is diagnosed fortuitously 
in an asymptomatic dog, the life expectancy after diagnosis 
is presumably longer; however, early therapy in asymp¬ 
tomatic patients has not been proven to substantially increase 

life span. 

Approximately 8% of Dobermans in Finland had an 
increased ALT; however, not all Dobermans with an increased 
ALT had CH, 1 Some Dobermans with increased ALT values 
lived for months and in some cases years without clinical signs 
of CH. 22 In a more recent study 18 Dobermans with subclin¬ 
ic a] CH were biopsied, and all had excessive hepatic copper 
concentrations. Initially there was parenchymal and portal 
inflammation, but the parenchymal inflammation diminished 
and the portal inflammation increased as the disease pro¬ 
gressed, There was expansion of portal areas with necrosis, 
fibrosis, and bile duct proliferation. 21 Five dogs lived for 
3 years; as a group they were asymptomatic for an average of 
19 months. 

Even though female Doberman pinschers are dearly at 
risk for severe CH, not all Doberman pinschers with hepatic 
disease have CH. Doberman pinschers also appear to be at 
risk for drug- induced hepatic disease (e.g., diethylcarba- 
mazine, oxibendazole, amiodarone). Therefore hepatic biopsy 
is recommended for Dobermans with an increased ALT if the 
patient is not an undue anesthetic and biopsy risk. Periportal 
copper accumulation, hepatonecrosis, and inflammation are 
expected in early cases, 12 although one report suggested 
that the earliest inflammatory and fibrotic lesions are around 
hepatic veins. 23 Eventually a substantial hepatic necrosis 
occurs, with neutrophilic and macrophage infiltrates. 
Excessive hepatic copper levels are common, and Doberman 
pinschers as a breed have been suggested to have higher 
hepatic copper levels than some other breeds. However, five 
of 35 Dobermans with CH had normal hepatic copper 
levels, 23 and even Dobermans with substantial copper accu¬ 
mulation generally do not attain the concentrations often seen 
in severely affected Bedlington terriers. 2 Therefore although it 
is not clear if the copper accumulation is innocuous or 
pathogenic, it is not an initiating cause of CH as in Bedlington 
terriers. Hepatic iron concentrations tend to be increased. 
Because of their increased risk for CH, it is reasonable to 
routinely screen Doberman pinschers for biochemical 
evidence of hepatic disease. Therapy depends upon the stage 
of the disease, but usually consists of antioxidants and gluco¬ 
corticoids ± azathioprine Copper chelation and antifibrotic 
therapy are used as indicated by histopathology 


twice a day) may be substituted if penicillamine cannot 
be tolerated. Trientine causes fewer side effects, may affect 
a different body pool of copper than penicillamine, and is 
effective in patients with hemolytic anemia due to copper 
release from necrotic hepatocytes. 8 One dog developed clini¬ 
cal copper deficiency i i.e., microcytic anemia and hepatic dys¬ 
function) due to trientine chelation therapy coupled with a 
controlled copper diet, 13 2,3', 2-tetramin ' is more effective at 
chelating copper than trientine, but it is not commercially 
available. 8 

Chelation therapy can be combined with oral administra¬ 
tion of zinc to decrease intestinal copper absorption. It has 
been suggested that zinc therapy only prevents further accu¬ 
mulation of copper; however, Inone study of three Bedlingtons 
and three West Highland white terriers administration of zinc 
significantly decreased hepatic copper concentrations after 2 
years of therapy. 8 Administering zinc salts (e.g., zinc acetate or 
zinc gluconate initially given at 5 to 10 mg elemental zinc/kg 
twice a day) 1 hour before meals induces metallothionein (a 
copper-binding protein) in enterocytes. Dietary copper binds 
to this protein, is not absorbed, and is eventually evacuated 
from the body when the enterocyte is sloughed* Excessive 
zinc can cause hemolytic anemia, and blood zinc concentra¬ 
tions need to be checked periodically Diets lower in copper 
can augment other therapy, but such diets are inadequate by 
themselves if the patient is already symptomatic for excessive 
hepatic copper concentrations, 8 

H-2 receptor antagonists, Carafate, or both are sometimes 
administered because hepatic disease has been suggested to 
cause gastroduodenal ulceration. 


FIBROSIS AND CIRRHOSIS 


Fibrosis and cirrhosis may result from any severe or chronic 
hepatic insult. Inflammatory cells cause hepatocellular necro¬ 
sis, which creates space (i.e., hepatocyte dropout) that is filled 
by more inflammatory cells* The liver's response to necrosis is 
to produce hepatocytes and bile duct epithelium. However, 
lysosomal proteases and radicals released by inflammatory 
cells disrupt normal hepatic extracellular matrix (ECM) and 
cellular membranes causing release of substances (e.g., trans¬ 
forming growth factor-beta [TGF-p]} that attract collagen- 
producing cells* Fibrosis causes ECM modification, and 
hepatocytes growing’bn it may have functional alterations. 2 ' 20 

Dogs with acute massive necrosis or CH often develop 
hepatic fibrosis. Because fibrosis follows the course of inflam¬ 
mation and necrosis,, a disease that produces inflammation in 
the portal areas that reaches out to lobules and other portal 
areas causes bridging fibrosis (i,e*, there is a "bridge 11 of fibrous 
connective tissue from one portal area to another). In some 
cases, fibrosis extends from the portal triad to the hepatic 
veins. When bridging fibrosis causes permanent distortion of 
the liver associated with regenerative nodules, it is termed cir¬ 
rhosis ■* Fibrosis that cuts, across acinar zones causes micron- 
odular cirrhosis, FfBfo^s that divides the liver into groups of 
acini with more thafi v one portal tract within each nodule 
causes m acronodul4r »drrhosis. Fibrosis that only surrounds 
bile ducts causes biliary cirrhosis. If fibrosis is severe, collagen 
limits the ability of vessels and sinusoids to distend, thereby 
increasing resistances-blood flow. Collagen around hepato- 
eytes impairs sinusoidal blood flow and the sinusoi dal 
endothelium's selectBce'.permeability, decreasing hepatocyte 
function. As cirrhosis persists, the type of collagen laid down 
may be less susceptible to collagenase activity, making it 
harder to remove’ 3 ’©ttrfibtic patients are at increased risk for 
a nesth etic - re 1st e d ’cfifanpiic ation s. 

Preventing fibrosis^ is an important long-term goal in 
patients with am chronic inflammatory- disease. Prednisolone, 
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Chronic Hepatitis Associated with Copper 
Accumulation in the Bedlington Terrier 

Bedlington terriers in the United States have historically had 
a high incidence of an autosomal-recessive metabolic defect in 
biliary copper excretion (approximately 60% of tested dogs). 8 
The gene responsible for this defect is different from that 
causing Wilson 's disease in people, Bedlingtons homozygous 
for the trait progressively accumulate copper in their livers, 
which typically causes oxidative mitochondrial damage after 
reaching approximately 2000 ppm, Bedlingtons may begin 
accumulating copper in utero, 24 Their hepatic copper content 
continually increases throughout their lives (see following) 
and may reach 12,000 ppm, 2 Once sufficient copper has 
mulated in the liver, otherwise insignificant stress may trigger 
acute hepatic necrosis, possibly with acute hemolysis and 
renal failure due to release of large amounts of copper from 

dying hepatocytesT 2 

An increased ALT is usually the first clinicopathologic 
evidence of disease; however, this increase does not 
until excessive hepatic copper accumulation is associated with 
hepatocyte damage and inflammation. Younger dogs with 
excessive hepatic copper hut no 

normal ALTs, 2 As hepatic damage occurs, increased ALTs may 
be found in clinically normal animals. Clinical signs may be 
those of acute hepatic disease (e.g., 


West Highland White Terriers 

West Highland white terriers have a genetic tendency toward 
higher hepatic copper concentrations than most other breeds, 
and CH is more common in West Highland white terriers. 
However, not all West Highland white terriers w ith CH have 
inflammation that is dearly associated with excessive hepatic 
copper accumulation. 12 Furthermore, many West Highland 
white terriers with modest copper accumulation do not 
develop CH, In distinction to what occurs in Bedlington 
terriers, West Highland white terriers that accumulate copper 
in their livers do not do so for their entire lives, and the values 
tend to decrease over time. 3 Finally, West Highland white 
terriers usually do not achieve hepatic copper levels greater 
than 3500 ppm, in distinction to Bedlington terriers, which 
often achieve levels greater than or equal to 5000 ppm, 
Histopathology of West Highland white terriers livers may 
show normal liver with excessive copper; multifocal hepatitis 
with excessive copper, and cirrhosis with excessive copper, 2 
Dogs w ith CH are treated as previously described, 

Dalmatians 

Dalmatians have recently been recognized to develop 
necroinflammatory hepatitis associated with increased hepatic 
copper concentrations, 4 Too few animals have been diagnosed 
to delineate whether or not an age or sex predilection exists. 
Affected animals have typical signs of hepatic disease (e.g,, 
anorexia, vomiting, lethargy). Increased ALT was the predom¬ 
inant clinicopathologic finding, whereas lesser increases in 
SAP w'ere common. Hvpoalbuminemia and hyperbilirubinemia 
were seen in some dogs. Ultrasound findings were typically 
normal. Piecemeal necrosis and bridging fibrosis were the 
most common histologic findings, and inflammatory infiltrates 
were either lymphocytic or neutrophilic. Hepatic copper 
centrations ranged from 754 to 8390 ppm, with an average of 
3197 ppm. Average life span after diagnosis was 80 days, with 
some animals living to 240 days post diagnosis. 

Skye Terriers 

At least some bloodlines of Skye terriers seem to have a ten¬ 
dency to have CH, Although not well characterized, it appears 
that the CH occurs first and that hepatic copper accumulation 
is an inconsistent secondary effect of the inflammatory lesion. 
Hepatic copper concentrations up to 2257 ppm have been 

reported. The first histologic lesion is intracanalicular 
cholestasis. 12 

Cocker Spaniels 

Young male cocker spaniels are at increased risk for early 
onset CH that quickly becomes cirrhotic. The mean age at 
presentation of 16 affected dogs was 5.6 years, and males were 
preferentially affected. 23 Most had ascites (11 of 16) of less 
than 2 weeks' duration. A mature neutrophilic leukocytosis 
and ascites (either a transudate or a modified transudate) 
typical, ALT was usually increased, but hyperbilirubinemia 
was a mild, inconsistent finding. Biopsy typically reveals a 
periportal hepatitis consisting primarily of plasma cells and 
lymphocytes w r ith limiting plate destruction. Severe bile duct 
duplication was common. Copper accumulation was inconsis¬ 
tent, One study looking at al-AT and its relationship to CH 
in cocker spaniels concluded that the two were not related, 13 
Because the disease is typically advanced at the time of diag¬ 
nosis, prognosis is grimn. Most clinically affected dogs die 
within a month of diagnosis, although occasional patients may 
live for up to a year with supportive therapy. 2 

Infectious Canine Hepatitis and its Possible 
Association with Chronic Hepatitis 

Canine adenovirus was found in the liver of five out of 53 
dogs with CH; however, another study failed to find it in any 


accu- 


occur 


inflammation often have 


vomiting, anorexia, 
lethargy) from which they may recover; chronic hepatic 
failure (e.g., anorexia 


vomiting, depression, loss of body 
condition) that ultimately progresses to obvious hepatic fail¬ 
ure with jaundice, ascites, and hepatic encephalopathy; c/ 
acute hepatic failure coupled with hemolytic anemia and 
jaundice. 2 

Measuring serum or plasma copper or ceruloplasmin 
centrations is not helpful; definitive diagnosis requires hepatic 
histopathology. Accumulation of copper in lysosomal granules 
is the first histologic abnormality. As hepatic copper levels 
increase, random areas of focal inflammation occur. 
Inflammatory infiltrates extend out from the portal triads 
the disease progresses, with occasional bridging necrosis and 
some fibrosis. Finally cirrhosis occurs. 8 Hepatic copper levels 
increase until about 6 years of age, and then they begin to 
decrease, probably because cop per-la den hepatocytes 
replaced with scar tissue or 

iron concentrations are also increased. 

Identifying and removing affected dogs from the breeding 
pool is the desired approach. Selective breeding in the 
Netherlands has decreased the prevalence from 46% (1976 to 
1986) to 11% (1990 to 1997),25 When screening asymp¬ 
tomatic animals, one may biopsy at 6 and 15 months of 


or 


con- 


con- 


as 


are 


regenerative nodules. 12 Hepatic 


m age. 
Unaffected dogs will have normal amounts of hepatic copper 

both times, heterozygotes will initially have a high copper 
concentration that lessens by the second biopsy and homozy¬ 
gotes will initially have excessive copper that is increased at 
the second biopsy. 8 The Orthopedic Foundation for Animals 
(www,offa.org/mdex.html) has a registry for unaffected 
Bedlington terriers that uses a DNA marker tightly linked to 
the expression of copper toxicity, 2 F However, a study of 154 
hepatic biopsies from Bedlingtons found that the DNA 
marker did not reliably identify copper intoxication in indi¬ 
vidual dogs. 27 This discrepancy may have been due to study¬ 
ing different subpopulations of Bedlingtons. Fecal excretion of 
copper discriminates between affected and nonaffected 
West Highland white terriers and Bedlingtons. 28 However, the 
test requires special facilities and is not as specific as desired. 
Feeding a relatively low copper diet and administering oral 
zinc is usually beneficial in affected, asymptomatic dogs. 
Chelator therapy may also be used, and penicillamine therapy 
has apparently prevented disease progression in some dogs 
that continue in have excessive copper Affected animals 
live a normal life if therapy starts 
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of 45 dogs with hepatic disease. 12 Whether a cause-and-effect 
relationship exists is unknown. Some people have hypothesized 
that the viral infection initiates a self-perpetuating inflamma¬ 
tory hepatic disease. Experimental exposure of partially immu¬ 
nized dogs has produced CH7 


recent study 20 of 36 dogs with leptospirosis had hepatic 
involvement 32 ; however, the lesion characteristic of acutely 
affected dogs is edema and sinusoidal congestion, with per¬ 
haps a mild neutrophilic and eosinophilic infiltrate. Serovar 
grippotyphosa has been suggested to be able to cause CH. In 
one kennel, five American foxhounds were diagnosed with 
CH, Four had leptospires in their canaliculi. In another report, 
beagles vaccinated against leptospirosis developed CH, and 
leptospires were found in their bile canaliculi. 1 * 2 


CHOLANGIOHEPATmS 


Cholangiohepatitis is diagnosed by finding mixed inflamma¬ 
tory infiltrates in the periportal [i.e. ( zone I) area, usually with 
inflammation extending through and into the bile ducts. 12 * 15 
Icterus is common, and ALTs, SAPs, and serum bile acids tend 
to be higher than is seen with CH. However, one cannot 
discriminate between dogs with CH and those with cholan¬ 
giohepatitis based upon laboratory values. In one study, 
median survival time (MST) was 25 months, 2 * 15 


LOBULAR DISSECTING HEPATITIS 


■ — ■ 


This is characterized by finding inflammatory cells diffusely 

throughout the hepatic lobule as opposed to primarily in the 

periportal regions, and collagen and reticulin fibers dissecting 
around small groups of hepatocytes and sometimes single 
hepatocytes. 1 - 2 Copper may be found in the liver, but it 
appears to be a secondary event. This syndrome appears 
most commonly in neonatal and juvenile dogs (e.g., mean of 
11 months old in one series). Hepatic enzymes are typically 
increased, and ascites associated with portal hypertension is 
probably the most common presenting clinical sign. Standard 
poodles may be at increased risk for hepatitis, but it is not cer¬ 
tain that it is lobular dissecting hepatitis. One paper reported 
three standard poodles with a disease that resembled lobular 
dissecting hepatitis but which did not cause ascites. 33 

Regardless of whether or not these dogs had lobular dissecting 

hepatitis, a breed predisposition seemed likely. 


DRUG-ASSOCIATED HEPATITIS 


Although almost any drug will eventually be associated with 
hepatotoxiciy in some individual, some drugs are frequently 

associated with hepatic damage. Most hepatotoxic drugs 
cause hepatocellular degeneration, necrosis, or fibrosis with 
minimal inflammation. Inflammatory infiltrates have been 
associated with trimethoprim-sulfadiazine, phenobarbetal, 
diethylcarbamazine and oxibendazole, and amiodarone, 
although they are usually relatively mild and do not closely 
resemble CH. However, the degree of inflammation associ¬ 
ated with apparent drug toxicity is variable, and some animals 
have substantial inflammation. Whether the inflammation is 
due to the drug or some other, concurrent problem is 
unknown. 130 - 31 


GRANULOMATOUS HEPATITIS 


Granulomatous hepatitis is an uncommon hepatopathy dif¬ 
fering from CH in that macrophages are a predominate 
finding. The lesion tends to be multifocal and can be caused 
by numerous bacteria (e.g., Nocardia , Mycobacterium, 
Rhodococcus , Borrelia , Bartonella], fungi (e.g., histoplasmosis, 
coccidioidomycosis), and parasites (e.g., Hepa 1 0200nosis , 
Heterobilfiarzia), In people, occult lymphoma has been 
implicated. However, many cases of canine granulomatous 
hepatitis are idiopathic. 2 One report of nine dogs with granu¬ 
lomatous hepatitis found intestinal lymphangiectasia in two, 
lymphosarcoma in one, and histiocytosis in one. 34 In three 
cases, the cause was uncertain. Clinical signs vary widely, and 
no breed or age predisposition is recognized for idiopathic dis¬ 
ease. Special stains for bacteria and fungi are warranted, as is 
serology for selected agents. Culture for bacteria Including 
atypical mycobacteria (which can be hard to find, even with spe¬ 
cial stains) is desirable. If one cannot find a cause, it is usually 
prudent to first treat for a possible undiscovered agent (e.g., 
atypical mycobacteria, Bartonella spp.) and only resort to 
immunosuppressive therapy after diagnostic efforts and 
therapeutic trials have failed. 


ACIDOPHIL CELL HEPATITIS 


This is a transmissible disease (apparently viral) that has been 
reported affecting dogs in the United Kingdom. In the acute 
phases, it is associated with relatively little hepatic inflamma¬ 
tion. However, it is belie% r ed that CH and cirrhosis may result. 
Increased hepatic enzymes are expected, and diagnosis 
requires hepatic biopsy. The characteristic lesion is finding 
acidophil cells throughout the parenchyma with an angular 
shape and acidophilic cytoplasm. 1 * 2 


LEPTOSPIROSIS 


The most common clinical presentation of dogs w i th lep¬ 
tospirosis is acute renal failure. Depending upon the serovar 
involved, dogs may or may not have concurrent hepatic 
disease (i.e., increased SA? and hyperbilirubinemia). In one 
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he most important and common hepatic disorders of 
cats in which inflammation is the predominant patho¬ 
logic change are the different forms of the cholangitis 
and cholangiohepatitis complex. Inflammatory lesions 

feature of some other feline disorders that affect the liver, but 
other pathologic features dominate. These include infectious 
diseases such as feline infectious peritonitis (HP), protozoal 
infections [most notably toxoplasmosis), bartonellosis, and 
hepatotoxicities particularly associated with drugs including 
diazepam and tetracyclines. 


variable and probably reflects the duration or stage of the 
disease process [Figure 228-1B)* 

Other specific disease entities frequently accompany sup¬ 
purative cholangitis. The most commonly reported of these 
is pancreatitis, characterized histologically by periductal infil¬ 
tration, acinar degeneration, fibrosis, and nodular hyperplasia* 
The extent of the pancreatitis is generally mild. Coexisting 
pancreatitis has been described in the majority of reported 
cases of cholangiohepatitis and was identified in 50% of 18 
cases of cholangiohepatitis in a retrospective pathologic study. 3 

Inflammatory bowel disease [1BD) has been recognized 
more recently as a coexisting feature in cholangiohepatitis. 
It was diagnosed in 83% of cats with cholangiohepatitis in a ret¬ 
rospective pathologic study. 3 Although the intestinal inflamma¬ 
tory infiltrate was predominantly lymphocytic and plasmacytic 
in nature, in some cases a neutrophilic element was present. 

The term triaditis has been used to describe a syndrome of 
concurrent cholangiohepatitis, pancreatitis, and IBD. The 
ciation of these entities may indicate a common underlying dis¬ 
ease process in some cases. Suppurative cholangitis is believed 
to result from ascending infection of die biliary tract. Bacteria 
can generally be cultured from the bile of affected cats, and a 
mixed growth of bacteria is often recovered (comprised of 
common inhabitants of the intestinal gut flora). Ascending 
infection from the intestine is also believed to be an important 
factor in the development of pancreatitis. ^ The pancreatic and 
bile ducts are joined before entering the duodenum and this 
may predispose to concurrent development of pancreatitis and 
suppurative cholangitis. It is possible that the presence of IBD 
may predispose to ascending infection. In triaditis the predom¬ 
inant clinical features are 

cholangitis, with the pancreatitis and IBD being identified 
complications. 

Lymphocytic Cholangitis 

In some cases of feline inflammatory liver disease the inflamma¬ 
tory infiltrate is predominantly lymphocytic 5 - 6 (Figure 228-2 B) 
In a proportion of these cases die inflammatory infiltrate consists 
purely of lymphocytes and is restricted to the portal areas. It 
has been suggested that this is a specific form of feline inflam¬ 
matory liver disease that has been termed lymphocytic portal 
hepatitis. 7 It is reported to occur in older cats. 7 Assessment of 
the significance of this pathologic change is complicated by the 
recognition that lymphocytic portal infiltrates are common in 
older cats not showing any climcal evidence of liver disease. 
Over 90% (29 of 30) of cats more than 15 years of age were 
described as having portal lymphocyte infiltrates in one survey.* 

In other cases, although lymphocytes predominate, the 
inflammatory infiltrate is mixed with variable numbers of 
other inflammatory cells, particularly neutrophils. The infil¬ 
trate may be more extensive, appearing as marked aggregates 
of lymphocytes in the Form of lymphoid follicles sometimes 
surrounding bile ducts or as a more diffuse infiltrate within 
portal areas. Changes are evident in the biliary tree, with bile 


T 
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CHOLANGITIS AND CHOLANGIOHEPATITIS 

COMPLEX 


The cholangitis and cholangiohepatitis complex is regarded as 
the second most common hepatic disorder in cats in the USA 
after idiopathic hepatic lipidosis, 1 In countries in which hepa¬ 
tic lipidosis is less common, such as the United Kingdom, the 
cholangitis and cholangiohepatitis complex may constitute 
the most common primary hepatic disorder of cats. 

Considerable confusion exists over the classification and 
terminology used to describe different forms of the cholangi¬ 
tis and cholangiohepatitis complex, and this is the most 
contentious issue relating to feline inflammatory liver disease. 

Pathology and Classification 

Different variants of the complex have been described 
based on histopathologic features of the lesions including the 
predominant nature of the inflammatory cellular infiltrate 

(i.e, neutrophilic, lymphocytic] and bile duct proliferation 
and presence of fibrosis, 2 

It is currently difficult to devise a classification of feline 
inflammatory liver diseases incorporating cholangitis and 

cholangiohepatitis that will reconcile all the previously 
reported cases and forms of the classification used. The most 
striking feature of the lesions is generally whether they 

suppurative with a prominent neutrophilic infiltration or 
whether the inflammatory infiltrate is predominantly lym¬ 
phocytic in nature. This is the basis for the classification of 
cholangitis and cholangiohepatitis. It correlates with distinctly 
different clinical presentations and has practical relevance to 
the management of affected cats. 

Suppurative Cholangitis and Cholangiohepatitis 

The dominant feature in suppurative cholangitis and cholan¬ 
giohepatitis is evidence of a suppurative process within the 
bile ducts. The infiltrate is primarily of neutrophils, although 
there may be a range of inflammatory cells including lympho¬ 
cytes and plasma cells. Disruption of the limiting plate 
with infiltrate extending into the portal areas, 
necrosis is common* The bile ducts themselves show f necrosis 
and degeneration with pvknosis variation in nuclear appear¬ 
ance, and cytoplasmic vacuolation. The extent of fibrosis is 
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Table 


Comparison of Suppurative and Lymphocytic Cholangitis 


LYMPHOCYTIC CHOLANGITIS 


SUPPURATIVE CHOLANGITIS 


Middle aged/older cats 


Predispositions 


Younger cots 
Pe r s Eons 


Usually depressed, ill 


Often bright 


Clinical Features 


Usually anorexic 


May show polyphagia 


Appetite 

Jaundice 

Ascites 

Lymphaden apathy 

Hepatomegaly 


± 


+ 


± 


± 


± 


Laboratory Changes 

Neutrophilia 
Lymphopenia 
T ALT 

T ALP 

± Bilirubin 

+ Bile acids 
T Globulins 


± 


+ 


± 


+ 


+ 


+ 


+ 


+ 


+ 


± 




+ 


Ultrasound 


± Hyperechoic liver 


± Hyperechoic liver 

biliary stasis 


Pathology 

Cellular infiltrate 
Distribution of lesions 
Fibrosis 

Association with other disorder 

Treatment 


Primarily lymphocytes 

Mainly portal 

Va r i a bl e/ca n be exte n s ive 

? Pancreatitis 

I mm unosuppressi ve corticosteroids 


Primarily neutrophils 

Mainly bile ducts 


Pancreatitis/IBD 

Antibiotics 

Choleretics 


duct proliferation and sometimes inflammatory changes 
within the walls of the bile ducts. However, usually no epithe¬ 
lial degeneration or inflammatory infiltrate exists within the 
lumen of the bile ducts. Fibrosis is present to a variable extent, 
and this may be severe in chronic cases. Tins initially has a 
distinctive septal or monolobular pattern, with bridging 
fibrosis between the portal areas. The fibrosis is not associated 
with venules and does not lead to pseudolobule formation 
but frequently results in prominent nodular hyperplasia. 
There may be disruption of the vasculature with increased 
prominence of small blood vessels on the surface of the 
liver. 


lymphocytic cholangitis. The similarities in terms of the 
lymphocytic predominance, biliary involvement, and pattern 
of fibrosis, are more striking than the differences; therefore the 
latter appears more likely. IBD and pancreatitis have been 
reported to be common in cases described as lymphocytic 
portal hepatitis. 3 Pancreatitis has been recognized in combi¬ 
nation with lymphocytic cholangitis but previous reports do 
not reveal any evidence of a striking association. 5 

There has been some preliminary characterization of the 
immune-cell infiltration in lymphocytic cholangitis. 10 The 
infiltrative lymphocytes are predominantly CD3~positive T ceils 
with smaller numbers of associated B cells. Occasional IgA- 
positive plasma cells are present, and increased MHC II 
expression by a variety of immune cells occurs. The nature of 
this infiltrate suggests, not unexpectedly, that an immune- 
mediated mechanism may play a role in the pathogenesis of 
the liver pathology. In the liver diseases of man that bear some 
similarity, sclerosing cholangitis and biliary cirrhosis, autoanti¬ 
bodies against liver cell components are identified. However 
in the limited studies that have been reported, no evidence of 
such antibodies have been found in affected cats. 5 

There may be some initiating factor that triggers the devel¬ 
opment of lymphocytic cholangitis leading to immune- 
mediated mechanisms that perpetuate liver pathology. 
Clinical signs may not arise until this stage has been reached. 


Parallels have been drawn between lymphocytic cholangitis 
and some forms of inflammatory liver disease in man that are 
characterized by lymphocytic infiltration such as sclerosing 
cholangitis, biliary cirrhosis, and pericholangitis; however, 
important differences in the histopathologic features exist 
In occasional cats the fibrosis may be prominent around the 
bile ducts as a concentric distribution, and this has been 
termed sclerosing cholangitis However, differences exist 
compared with sclerosing cholangitis in man, and it may 
simply represent a variant form in the distribution of fibrosis 
of lymphocytic cholangitis. 

It is not dear whether what has been termed as lymphocytic 

portal hepatitis is a distinct separate entity or a variant of 
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Liver and Pancreatic Diseases 


It has been postulated that lymphocytic cholangitis and 
suppurative cholangitis may be essentially part of the 
disease syndrome, with lymphocytic cholangitis representing 
a chronic stage of an earlier suppurative process. 1 A mixed 
inflammatory cell infiltrate in some cats is identified that prob¬ 
ably represents progression of suppurative cholangitis to 
chronic form (see following), but the authors believe that this 
is distinct from lymphocytic cholangitis. Key features suggest 
lymphocytic cholangitis is a separate, distinct disease syndrome: 

* No evidence suggests that cats diagnosed with lympho¬ 
cytic cholangitis have had earlier episodes of liver disease 
or that cats with suppurative cholangitis are at greater risk 
of developing lymphocytic cholangitis. 

■ Lymphocytic cholangitis occurs most frequently i 
younger cats, but suppurative cholangitis tends to 
middle-aged to older cats. 

■ An inflammatory infiltrate is found in the bile ducts of cats 
with suppurative cholangitis but not in lymphocytic 

cholangitis* 

* Concurrent pancreatitis is common in cats with suppurative 
cholangitis hut is unusual in lymphocytic cholangitis. 

These two latter findings implicate ascending infection in the 
pathogenesis of suppurative cholangitis, but no evidence sug¬ 
gests it plays a role in the development of lymphocytic 
cholangitis* 


Cholelithiasis is occasionally seen in cases of suppurative 
cholangitis, and the majority of reported cases of cholelithia¬ 
sis have been associated with suppurative cholangitis. It is not 
clear whether cholelithiasis is the primary problem leading to 
suppurative cholangitis as a complication, or, as seems more 
plausible, suppurative cholangitis predisposes to cholelithiasis. 
Gallstones can be radiolucent, although calcification is a common 
feature (Figure 228-1 A). On ultrasonography, choleliths 
acoustic shadowing Tli is can aid diagnosis of translucent stones, 
although inspissated bile, inflammatory, and neoplastic masses 
may have a similar appearance. Other ultrasonographic features 

that may be seen with suppurative disease include thickening of 
the gallbladder (wall thickness >1 mm), distension of the bile 
duct (>5 mm), and the presence of sludging or inspissatjon of 
bile, 12 There may be general patchy echogenicity of the liver. 13 

Histopaihology is necessary for confirmation of diagnosis of 
suppurative cholangitis, A number of techniques can be used 
to obtain suitable biopsies for histopathologic examination. Fine 
needle aspirates offer the most noninvasive method of collect¬ 
ing samples. These may confirm the presence of a suppurative 
process but do not allow assessment of liver architecture and 
can be misleading. M 15 Fine needle aspirates can be submitted 
for bacteriologic isolation and should be maintained in an 
anaerobic environment until culture is performed. Wedge 
biopsy at exploratory laparotomy enables direct visualization 
of the liver and biliary tree and provides the idea] specimen for 
pathologic assessment. The patency of the bile duct can be 
established by applying gentle pressure to the gallbladder. Bile 
should be aspirated for gross assessment and to provide a 

sample for culture* Immediate cytologic evaluation of _ 

of bile will confirm neutrophilic infiltration in suppurative 

The bile frequently becomes extremely inspissated in 
suppurative cholangitis, and aspiration may necessitate use of 
a wide bore needle. Exploratory laparotomy provides the 
opportunity to examine the pancreas for evidence of pancre¬ 
atitis and to obtain biopsies where appropriate. It also enables 
collection of full-thickness intestinal biopsies to investigate 
the possibility of concurrent IBD. Biopsies suitable for assess¬ 
ment of hepatic architecture can be obtained percutaneously 
using a suitable liver biopsy needle such as a Tru-Cut® biopsy 
needle. Ultrasound guidance allows more accurate placement 
oi the biopsy needle. If the required equipment and expertise 
available, laparoscopy offers the best compromise between 
minimizing invasiveness while allowing visualization and 

biopsy. Hepatic biopsies should be submitted for bacteriologic 
culture in addition to histopathology. 


same 


a more 


cause 


in 


occur in 


Mixed inflammatory Infiltrates 

A small proportion of cats with inflammatory liver disease 
show a mixed cell infiltrate consisting of both neutrophils and 
lymphocytes* They show bile duct proliferation with epithe¬ 
lial degeneration and necrosis but also have inflammatory 
infiltrates within the lumen of the bile ducts that differentiate 
them from the cases of lymphocytic cholangitis with a mixed 
cell infiltration. It is plausible that these cases represent a 
chronic stage of earlier episodes of suppurative cholangitis. 


a smear 


cases. 


SUPPURATIVE CHOLANGITIS 
AND CHOLANGIOHEPATITIS 


Clinical Features 

Suppurative cholangitis occurs more frequently in middle-aged 
and older cats. In one series of reported cases, all affected cats 
were over 10 years of age. 7 No apparent sex or breed predispo¬ 
sition exists. Most cats in which a diagnosis of suppurative 
cholangitis is made are presented as sick cats with acute din ess* 1 
They are usually anorexic and may be pyrexic* Jaundice is the 
most consistent specific clinical sign and is caused by intrahep- 
atic cholestasis, sometimes with extrahepatic biliary obstruction. 
There may be evidence of abdominal pain and resentment 
abdominal palpation* Some cats w ith suppurative cholangitis may 
have milder or more chronic disease that may he overlooked. 


is 


Treatment 

Antibiotic treatment is the priority for suppurative cholan¬ 
gitis, The choice of antibiotic should ideally be based on the 
results of culture of bile and sensitivity tests. However initial 
selection of antibiotic must be made before results of bacte¬ 
riologic culture are available* E. coli is the most frequently 
isolated organism but a mixed growth (including anaerobes 
such as Baaeroides spp. and other organisms that constitute 

the normal small intestinal bacterial flora), is frequently 
found, reflecting ascending infection from the gut. The ideal 
feature of an antibiotic selected for empiric use is that it 
should be broad spectrum, bactericidal, achieve therapeutic 
levels in bile, and not require hepatic metabolism for acti¬ 
vation or excretion. The authors' initial choice is therefore 
generally a potentiated synthetic penicillin (e.g., amoxidllin- 
clavulanate), cephalosporin (e.g. r cephalexin), or fluoro¬ 
quinolone combined with metronidazole for additional 
activity against anaerobes* Chloramphenicol has sometimes 
been recommended 1 ; hovvever, high levels can accumulate in 
the presence of biliary stasis, and toxic effects mav result. 
Antibiotic treatment is maintained for at least A to 6 weeks to 
minimize the risk of 


on 


Diagnosis 

The most consistent changes 


on routine laboratory evaluation 
are increases in ALT and bilirubin. Cholestatic enzymes, ALP, 

and yGT are usually increased, and usually raised fasting 
postprandial (or both) 

found. It is reported that 


or 


serum bile acid concentrations 
some cats with cholangitis have 
normal liver enzymes, although in the authors' experience this 
is rare* The most common finding on hematology is a leuko¬ 
cytosis with neutrophilia and left shift. There may be sup¬ 
pression of hepatic production of" dotting factors in the form 
of prolonged clotting times and increased PIVKA levels, 11 
although spontaneous clinical complications of impaired 
hemostatic function 

The principal abnormalities on imaging are related to the 

extrahepatic biliary tract. Evidence of gallbladder distension 
usually exists, and the bile duct may appear prominent. 


are 


are rare. 


recurrence. 
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Figure 228-1 A and B, Lateral radiograph of a cat with suppurative cholangitis showing a 
calcified cholcliths. Hepatic histology from the same case. 


levels of cysteine and taurine, which are required for bile acid 
conjugation and a cytoprotective effect. Although theoretic 
potential benefits to SAMe exist, no trials have been reported 
that confirm this. 


The benefits of corticosteroid therapy are widely accepted 
for lymphocytic cholangitis (see Following) and probably also 
for chronic nonsuppurative cholangitis associated with mixed 
inflammatory infiltrates. The use of corticosteroids for acute 
suppurative cholangitis may have benefits in some cases when 
used judiciously at anti-inflammatory doses for short periods 
(e g., prednisolone at 1 mg/kg daily) based on facilitating bile 
flow through reducing biliary tract inflammation. 

Cholecystectomy may be necessary in some cases to 
remove inspissated bile. This should be followed by lavage 
and flushing to ensure patency. This may require carmulation 
of the duodenal papilla. If complete obstruction of biliary 
flow is identified at laparotomy, cholecystoduodenostomy is 
indicated to re-establish biliary flow. The peri- and postopera¬ 
tive mortality rate for cats requiring surgical intervention 
is high. 16 

Supportive measures aid in the management of suppura¬ 
tive cholangitis. Fluid therapy is likely to be required initially 
and in most cases nutritional support is also needed. In the 
longer term modified diets formulated for liver support are 
indicated, but in the early stages maintenance of calorific 
intake is the priority. Suitable diets should be easily digested 
with reduced protein and supplemented with arginine and 
carnitine. 

Choleretics are of value in promoting bile flow, and this is 
indicated if extraheptic biliary obstruction is not present. 
The beneficial effects of ursodeoxycholic acid include chang¬ 
ing the composition of the bile acid pool by reducing the pro¬ 
portion of hydrophobic bile acids that have toxic effects on 
hepatocellular membranes. A dose of 10 to 15 mg orally, once 
a day is used No controlled clinical trials have been reported 

to demonstrate a beneficial effect of UDCA, but it is widely 
used and appears to be safe, 17 Vitamin K supplementation is 
indicated if defects in clotting function are identified, particu¬ 
larly prior to any biopsy or surgical procedure, A dose of 5 mg 
of Vitamin K is given orally or subcutaneously The response 
to treatment can be assessed by monitoring PIVKA concen¬ 
trations and clotting function, which are usually restored to 
normal in a few days. 11 

More recently S-adenosyl-L-methionine (SAMe) has been 
used as a nutraceutical agent in the support of cats with 
liver disease. One beneficial effect is believed to be the 
restoration of glutathione levels that are reduced in liver dis¬ 
ease, leading to increased oxidative damage and exacerbation 
of liver disease Other beneficial olivets may be to increase 


Prognosis 

Information on the prognosis for suppurative cholangitis is 
limited. In one study just over half (8 of 15) of cats survived 
for more than 1 year after the diagnosis was made with a 
median survival time (MST) of 29 months. 1 * This concurs 
with the authors' limited experience that suppurative cholan¬ 
gitis has a reasonable prognosis. Some cases do appear to recur 
shortly after initial treatment and this risk may be reduced by 
ensuring prolonged antibiotic treatment, preferably selected 
on the basis of culture and sensitivity testing. Suggestions that 
suppurative cholangitis may progress to lymphocytic cholan¬ 
gitis is not supported by evidence, and the authors have not 
observed any cases of such progression. The prognosis for cats 
that require surgical intervention to restore bile flow is much 
more guarded, 16 Concurrent presence of pancreatitis and IBD 
complicates the prognosis for suppurative cholangitis and the 
choice of treatment. Management of pancreatitis in cats is 
challenging. It is not known whether the high doses of corti¬ 
costeroids usually used for cats with IBD have any deleterious 
effects on cholangitis and pancreatitis in cats with triaditis. 
The authors' clinical impression, based on limited experience, 
is that while this may produce short-term clinical improve¬ 
ments, the longer-term benefits are more questionable. 


LYMPHOCYTIC CHOLANGITIS 


Clinical Features 

In contrast to suppurative cholangitis, lymphocytic cholangitis 
occurs more often in young cats, with more than 50% of cases 
in cats under 4 years of age. 5 A predisposition exists in Persian 
cats, but no sex bias is seen. 5 This form of inflammatory liver 
disease is seen much more frequently than suppurative 
cholangitis in the authors' clinic 

The etiology of this disease is unknown, although an 

mediated mechanism is believed to contribute to the 
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pathogenesis. 

The two main presenting signs In lymphocytic cholangitis 
arc (1) jaundice and (2) progressive ascites. Occasionally both 

i linical signs are present In contrast to suppurative cholangitis, 
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Figure 228-2 A and B, Lateral radiograph of 

hepatomegaly. Hepatic histology From the 


cat with lymphocytic cholangitis showing 


a 


severe 


same case. 


cats with lymphocytic cholangitis often do 


not appear ill. 

Appetite is often maintained and some cases show a noticeable 
polyphagia. There may be severe weight loss, but other cases 
retain reasonable bodily condition. It is unusual for pyrexia to 
be present. Hepatomegaly may be detectable on abdominal pal¬ 
pation, and in some cases this can be striking. Mild generalized 
lymph node enlargement is a common finding. This is most 
apparent on palpation of the superficial lymph nodes but may 
also involve the mesenteric lymph nodes. In the later stages of 
the disease with extensive cirrhosis and portal hypertension, 
hepatic encephalopathy may develop. 


particularly FIP and other liver diseases. The lymphadenopa- 
thy and preponderance of lymphocytes infiltrating the liver 
can potentially lead to confusion with lymphosarcoma, espe¬ 
cially if needle aspirates are used, but can be differentiated on 
histopathology. Many similarities exist in the clinical and 
laboratory features of FIP and lymphocytic cholangitis- 
jaundice, ascites, raised liver enzymes, hyperglobulinemk, 
neutrophilia, lymphopenia, and ascitic fluid with high globu¬ 
lin content. There may be pointers in the clinical presentation 
that may help to differentiate these two diseases, but this is 
complicated by the very variable clinical presentation of cats 
with FIP. Other features suggestive of FIP may be identified 
such as uveitis, neurologic signs, and pleural effusion. Reliable 
differentiation may depend on histopathologic investigations. 

Treatment 

Corticosteroids are 

countering immune-medkted damage to the liver. 
Considerable clinical experience supports their beneficial 
effect. Prednisolone is frequently used at an initial immuno¬ 
suppressive oral dose of I to 2 mg/kg twice a day, which i 
gradually reduced over an extended period of 6 to 12 weeks 


Diagnosis 

An increase 


in liver enzymes [ATT, ALP, and GGT) and bile 
acids is usually seen that can be severe. Bilirubin levels may be 
increased, frequently corresponding with jaundice. Serum glob¬ 
ulin levels are often raised, and this may reflect an i- 1 

Y globulins detectable 


*L 


the mainstay of treatment used based 


increase in 

on serum protein electrophoresis. The 
consistent change cm hematology is lymphopenia. There 
may be some neutrophilia and mild anemia. If ascitic fluid is 
present, abdominal paracentesis will show this to be clear to 
yellow tinged. It is generally thick with a high protein content, 
the majority of which is globulin. The ceUular content is gen¬ 
erally low, with a nonspecific mixture of inflammatory cells. 
Radiography may be complicated by the presence of 
ascites but may reveal hepatomegaly [Figure 228-2A}. The 
liver may have a heterogeneous appearance on ultrasonogra¬ 
phy with irregular margins. If extensive cirrhosis 
liver may have a hypereehoic appearance, 

Histopathology is required to make a definitive diagnosis. 
Fine needle liver aspirates may reveal a lymphocytic infiltrate 
but will not show the characteristic changes in liver architec¬ 
ture, the location of the infiltration, or the pattern of fibrosis. 
Percutaneous core biopsy techniques generally provide diag¬ 
nostic samples. However, the prominent presence of blood 
vessels on the surface of the liver, together with possible 
promise of liver-depen dent clotting factors, leads to 

risk of postbiopsy hemorrhage; therefore biopsy 
arotomy provides the advantage of enabling better hemo¬ 
static control. Laparotomy also enables larger biopsies to be 
obtained, as well as selection of biopsy sites, including 

ment and biopsy [if appropriate) of other abdominal organs 
The most important differential diagno 
cholangitis are other 
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Figure 228-3 Ultrasound of abdomen ot a cat with 

cholangitis showing a dilated, tortuous bile duct. 
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repeated courses of prednisolone or may need to be main¬ 
tained on long-term lower doses. Response to treatment is 
based initially on resolution of clinical signs. Monitoring of 
liver biopsies can be used to assess response to treatment but 
is usually declined by owners, and subsequent progress has to 
be based on monitoring laboratory features [particularly liver 
enzymes and bile acids]. 


according to the progress of the case. Other immunosuppres¬ 
sive agents are occasionally used (e,g,, cyclosporine, chloram¬ 
bucil, methotrexate, cyclophosphamide), but experience of 
their use and value is limited. Colchicine may be used at a 
dose of 0.03 mg/kg once a day in an attempt to combat fibro¬ 
sis, although there have been no controlled trials to confirm 

beneficial effect. Choleretics, SAMe, and nutritional 


any 

support (see Suppurative Cholangitis) may be helpful. If 
ascites is severe, particularly if this is causing dyspnea due to 
pressure on the diaphragm, drainage by abdominal paracente¬ 
sis may be indicated. Loop diuretics such as furosemide (1 to 
2 mg/kg twice a day) combined with restriction of dietary salt 
may be helpful in mild ascites. Potassium-sparing diuretics 
(e.g,, spironolactone) and angiotensin-converting enzymes 
(e g,, enalapril] are alternative agents for treating ascites. 


MIXED INFLAMMATORY CHOLANGITIS 


This form of cholangitis is seen less frequently and is less well 
characterized. It usually appears as a chronic disease with 
gradual loss of condition, although in some cases an 
episode of acute illness occurs with depression that may 
reflect acute suppurative cholangitis, leading to subsequent 
chronic liver disease. Jaundice is frequently present. The labo¬ 
ratory changes are similar to those seen in the other forms 
of cholangitis but are less consistent and frequently milder 
The major dilemma in treatment of cats with cholangitis- 
involved mixed inflammatory infiltrates is whether antibiotics 
or corticosteroids are most appropriate for treatment. Limited 
experience suggests that the best response is achieved with 
prolonged corticosteroid treatment, but antibiotics are fre¬ 
quently administered in combination initially. 


initial 


Prognosis 

Limited information is available about the prognosis for cats 
with lymphocytic cholangitis, but the majority of cats respond 
well to treatment. The mean survival in 25 cats in w T hich 
portal hepatitis was described was 37 months, with 16 cats 
surviving for more than 1 year, 18 The authors' experience is 
that the prognosis is better in cats with jaundice compared to 
those with ascites. Lymphocytic cholangitis has been seen to 
resolve spontaneously in occasional cases. Some cats will need 
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many will traverse the diaphragm prior to emptying into the 
thoracic vena cava or azygos vein. Intraoperatively, clinicians 
can easily locate most shunts by retracting the descending 
duodenum and examining the vena cava cranial to the left 
renal vein. If the shunt vessel is not located in this area, the 
surgeon retracts the liver to the right so that the esophageal 
hiatus may be examined for evidence of a portoazvgous 
shunt. Occasionally, the omental bursa must be opened to 
gain access to shunt vessels dorsal to the stomach. This is done 
by tearing the ventral leaf of the greater omentum followed 
by cranio ventral retraction of the stomach. Intraoperative 
imaging may be required in some cases to locate the shunt 
to help make or exclude a diagnosis of microvascular 

dysplasia (MVD). 

Many intrahepatic venous PSSs result from failure of the 
ductus venosus to dose in infancy. Oxygenated blood from 
the placenta is carried from the left umbilical vein and umbil¬ 
ical sinus to the systemic circulation via the ductus venosus. 
It is not known why the ductus fails to close in some individ¬ 
uals. Pathology of the ductus wall or portal hypertension due 
inadequate development of the porta] venous tree has been 
speculated - The cause of right-sided congenital intrahepatic 


EMBRYOLOGY AND ANATOMY 


The portal vein is formed within the mesentery dorsal to the 
right limb of the pancreas by the confluence of the cranial and 
caudal mesenteric portal branches. It receives blood from the 
gastrointestinal (GI) tract and spleen via numerous mesen¬ 
teric veins, the gastroduodenal, splenic, and gastric veins, 1 
As the portal vein approaches the liver, it sweeps from right 
to left and divides into right and left branches, which further 
divide into branches supplying the individual liver lobes. 
The main right branch supplies the right lateral and caudate 
process of the caudate lobe, whereas the main left branch 
su ppli es a 11 oth er lobes. 2 Within th e h e pa ti c p a renchy m a, th e 
portal blood exits the portal triads, traverses the sinusoids, and 
ultimately enters the systemic circulation via the hepatic 
veins. The left hepatic vein is the only hepatic vein not hidden 
by hepatic parenchyma as it enters the caudal vena cava just 
caudal to the diaphragm. 

Congenital extrahepatic portosystemic shunts (PSSs) are 
usually single vessels that connect the portal venous system to 
the systemic circulation, and as such may arise from any 
portal vessel Most 
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and extrahepatic PSSs Is unknown. Congenital extrahepatk 
PSSs are abnormal communications between the cardinal and 
vitelline venous systems, 3 Intrahepatie PSSs connect portal 
vein branches after their divergence from the portal 
proper to the hepatic veins or abdominal vena cava, thereby 
bypassing the hepatic sinusoids. They are usually hidden from 
view by the hepatic parenchyma. Left-sided shunts (patent 
ductus venosus [PVDJ) arise from the left portal vein branch, 
pass through the left liver lobes or papillary process of the 
caudate lobe, and then empty into a venous ampulla cranial to 
the liver at its confluence with the left hepatic vein. 4 5 Central 
shunts pass through the right medial or quadrate lobes, and 
right-sided shunts pass through the caudate process of the 
caudate lobe or the right lateral liver lobe before emptying 
into the vena cava. 5 - 6 

Arterioportal fistulae (APF) are congenital vascular mal¬ 
formations that allow communication between the hepatic 
arterial blood supply and the portal venous system. The loca¬ 
tion of APF can vary; one or more lobes may be involved. 711 


A recent study that evaluated breed association in over 2000 
dogs with vein-to-vein PSS in North America identified six 

as having odds ratios near 20 or greater for having 

PSS: Havanese, Yorkshire terrier, Maltese, Dandle Dinmont 

terrier, Pug, and miniature schnauzer 15 

Large purebred dogs, such as retrievers, Australian cattle 
dogs, Old English sheepdogs, and Irish wolfhounds, are more 
likely to have intrahepatie PSS,* PSSs are much less common 
in cats than in dogsAs with small breed dogs, the majority 
of feline PSSs are congenital, single, and extrahepatic. Most 
cats with PSS are domestic shorthairs, but among purebred 
cats, the Himalayan and Persian are predisposed. 20 22 26 The 
history most commonly includes failure to thrive, neurologic 
signs that could include bizarre behavior such as yelping, star- 
mg, aggression, head pressing, and wall hugging, seizures, and 
Intermittent blindness. These signs are usually present in cats by 
6 months of age. Intermittent ptyalism, which is a consistent 
finding in approximately 75% of cats, may be a subtle manifes¬ 
tation of GI disturbance or HEd 8 - 20 ' 36 - 28 GI signs, including 
intermittent anorexia, vomiting, or diarrhea, are observed in 
about 30% of affected dogs 13 but less frequently in cats. 30 - 23 ' 26 
Anesthetic or sedative intolerance has also been recorded infre¬ 
quently. Dogs that are older at the time of diagnosis can be pre¬ 
sented because of polyuria-polydipsia (PU/PD), which has been 
reported to be associated with increased AC I H secretion and 
hypercortisolism, 29 ' 30 or urate stone formation. 15 31 

Owners of affected dogs may remark that their pets have a 
dietary preference for fruits and vegetables. Onset of signs 
correlates with meal ingestion approximately 30% to 50% of 

the time. Some cats have a history of improved behavioral arid 
neurologic signs after antibiotic therapy. 12 

High portal pressure is not a feature of vein-to-vein vascular 
anomalies, so abdominal effusion does not form in animals with 
PSS unless they have profound hypoalbuminemia. Many cats 
are of small stature, poor body condition, and have an unkempt 
haircoat 12 ]4 - 20 22 ; neurologic signs (e.g., amaurosis, dementia) 
and ptyalism may also be evident on examination. There may 
be evidence of other congenital defects; cryptorchidism 
noted in about 30% of male cats in one study 30 and 50% of the 
male dogs in another study Coexistent heart murmur has also 
been reported. 16 2036 Bilateral renomegaly is seen in both 
species, and copper-colored irises inappropriate for the breed in 
cats may also be noted in dogs (Yorkshire terrier, Maltese, 
Dandie Dinmont terrier, pug, and miniature schnauzer). 15 

Mild diffuse or multifocal intrahepatie portovascular 
dysplasia A disorder first described in 82 dogs and 23 in 
cats in which the signalment and signs resemble those of 
animals with PSS but a macroscopic vascular anomaly cannot 
be identified 32 has been termed microvascular dysplasia 
(MVD). 32 - 39 This condition can occur as the sole anomaly 
or jointly with PSS. Based on histopathologic changes in liver 
specimens and detailed portography, the anatomic site of 

vascular abnormality is believed to be the terminal portal 
veins. In Cairn terriers, MVD is believed to be an autosomal 
inherited trait; the specific mode of inheritance has not been 
established. 15 

The same dog breeds that are predisposed to PSS are those 
that have been described with MVD, 13 333 and cats are typ¬ 
ically domestic shorthairs. 32 Common presenting signs include 
vomiting, diarrhea, and signs of HE, especially in dogs with 
both defects. Dogs with - only MVD are somewhat older, 3416 
and many have mild to no signs of illness. 

Idiopathic noncirrhotic portal hypertension A category 
of hepatopathies in human patients characterized by 


breeds 


vein 


Diagnostic Evaluation 

Hi is lory and Clinical Ft ridings For vase ul ar a n om a 1 i es tha t 
connect the portal venous 

system as the primary defect (i.e., single PSS, congenital mild 
diffuse or multifocal intrahepatie portovascular dysplasia), the 
signs, physical examination abnormalities, dimcopathologic 
changes, and certain histopathologic findings in liver biopsy 
specimens are directly related to diversion of portal blood 
flow around the liver Intrahepatie portal pressure is normally 
higher than caudal vena cava pressure; therefore in the pres¬ 
ence of a single patent anomalous conduit, portal blood flows 
preferentially around the liver Exposure of the central 
vous system (CNS) to shunted gut-derived toxins (e.g., 
ammonia and other encephalotoxins, absorbed bacteria, endo¬ 
toxins) that would otherwise be removed by the liver results 
in signs of hepatic encephalopathy (HE), whereas lack of 
trophic I actor-rich portal blood and oxygen (50% of that 
delivered) leads to poor hepatoeyte growth and function. 

In conditions that are characterized by high portal pressure 
(i.e., severe chronic hepatitis such as idiopathic noncirrhotic 
portal hypertension [NCPH] or single or multiple APF), pre¬ 
viously ru dimentary multiple extrahepatic shunt vessels 
necting the portal vein with the caudal 


system to the systemic 


venous 


ner- 


was 


con- 

vena cava open to 
modulate portal pressure. These vessels are commonly found 

clustered around the left kidney, and occasionally in the sub¬ 
mucosa of the esophagus, primarily in dogs and rarely in cats. 
Additional pathophysiologic consequences and signs of this 
acquired shunting are directly related to the underlying 
(e,g. f high alanine transaminase activity in dogs with chronic 
hepatitis) and the existence of high portal pressure (e.g., 
ascites, GI bleeding). 


cause 


Portosystemic shunt Most cats and dogs w'ith PSSs 
examined because of signs of illness at less than 2 years of 
age, 13-28 but some animals have been 10 years of age or older 
at presentation. l4 ,5 ' 3/ Diagnosis may be missed in some indi¬ 
viduals because the signs are subtle, or because owners believe 
that certain long-standing behaviors are "normal 7 A gender 
bias has not been convincingly identified, although one study 

from Britain describing 45 dogs with intrahepatie PSSs 

reported that twice as many affected dogs were male as were 
female. 23 Male cats often outnumber females in the literaiure. 
A familial predisposition for single extrahepatic PSS is sus¬ 
pected in several small purebred dogs.* The inheritance pat¬ 
tern of PSS in Yorkshire terriers has been investigated through 
pedigree analysis and trial breeding, but it remains unclear. 25 


are 


'References 13,16,18,19,21,25,27. 


•References 13, ] 6, ] 8,19,2 1,23. 






• Vascular Liver Diseases 


CHAPTER 229 


1455 


hypocholesterolemia, normal to low blood urea nitrogen [BUN] 
concentration, postchallenge hyperammonemia, and normal 
or high fasting with high postprandial serum bile acid (SBA) 
concentrationsJ 3.16.18.Z8 Clinicopatho 1 ogic evidence of hepatic 
dysfunction eliminates the possibility of certain inborn errors 
of metabolism that cause hyperammonemia in young animals 

(e.g., urea cycle enzyme deficiency, 53 methylmalonic academia 54 ) 
or hyperammonemia associated with urethral obstruction . 55 
Target cells can be seen in some dogs, but microcytosis is the 
most common hematologic change in dogs; iron sequestration 
or ineffective iron transport have been proposed as causes 
for iron-deficient erythropoiesis. 5657 Two to threefold 
increases in serum alkaline phosphatase (AP) and alanine 
aminotransferase (ALT) activities are commonly recorded; the 
origin of high serum AF activity is unknown. The AP isoen¬ 
zyme of bone origin could be part of the high serum total 
AP activity in growing dogs, but subcell ular hepatic organelle 
injury and increased release or decreased elimination of 
canalicular AP has also been proposed, 59 A study comparing 
dogs with in tra hep a tic PSS versus dogs with extra hepatic PSS 
made no particularly surprising discoveries; dogs with intra* 
hepatic PSS weighed more and had higher blood glucose 
concentration and serum AP values than did dogs with extra- 

hepatic PSS, 19 

Dogs with MVD may have similar but less dramatic 
changes as dogs with other vascular anomalies, but never have 
microcytic red blood cells (RBCs)* 3537 - 39 In fact, high SBA 

concentrations may be the only dinicopathologic finding in 
young purebred dogs with MVD that have been screened for 
PSS before sale or that are ill for nonhepatic reasons. The 
authors of one study attempted to distinguish dogs with 
MVD from dogs with MVD and PSS by use of a regression 
equation developed from four variables that were the most 
discriminating values in multiple regression analyses: 

diagnosis = 2.851 - (0,00135 x cholesterol concentration] 

- (0.234 x albumin concentration) 

(0 0209 x MCV) + (0.000517 

x postprandial SBA concentration). 


intra-abdominal portal hypertension, a patent portal vein, and 
relatively unremarkable liver biopsy findings has been 
described and termed noncirrhotic porta! hypertension 

Two unusual previously reported diseases of pri¬ 
marily young dogs (<2.5 years) might be able to he grouped 
under this same name: hepatoportal fibrosis in 3 dogs 45 - 46 and 
primary hypoplasia of the portal i'dn in 42 dogs). 47 Two more 
recent reports describe a syndrome resembling idiopathic 
NCPH in four Doberman pinscher dogs, 48 three of which 
were related, and a similar condition in 33 dogs of various 
breeds. 49 NCPH has also been reported as an incidental find¬ 
ing in a colony of dogs with mucopolysaccharidosis Type I. 
This condition is seen most often in purebred dogs 4 years of 
age or younger, of either gender, weighing over 
Individual cases had been described earlier but were buried in 
reports of PSS. Presenting signs include abdominal enlarge¬ 
ment associated with effusion, GI abnormalities, polydipsia, 
weight loss, and less consistently, signs of HE. The cause for 
this group of conditions has not been identified, but the uni¬ 
fying thread amongst the theories is severe, diffuse intrahep¬ 
atic vascular malformation. Dogs with NCPH have similar 
signs, dinicopathologic test results, and diagnostic imaging 
findings as dogs with cirrhosis, but they differ substantially in 
histopathologic changes in liver biopsy specimens and prog¬ 
nosis. This condition may represent severe diffuse or multifo¬ 
cal intrahepatic portovascular dysplasia, 

Arterioportol fistulae Clinical signs associated with APF 
are usually acute in onset during the first year of life and are 
primarily associated with the portal hypertension that results 
from conference of high-pressure arterial blood to the nor¬ 
mally low-pressure portal venous system. Young medium to 
large breed dogs are most commonly reported, although small 
breeds may also be affected. 10 This appears to be a rare con¬ 
dition in cats. 51 Nearly all animals with APF have ascites 911 5152 
(Figure 229*1). Vomiting, diarrhea, lethargy, and weight-loss 
are also commonly reported. 8 Signs consistent with HE have 
been reported less frequently. In some animals with APF, the 
sound of turbulent blood flow through macroscopic fistula or 
fistulae, resembling the heart murmur in animals with patent 
ductus arteriosus, can be ausculted across the body wall over 
the affected lobe or lobes, 

dinicopathologic Test Results dinicopathologic findings 
in over 50% of affected dogs, regardless of the type of vascu¬ 
lar anomaly, are typical of global hepatic dysfunction: hypo- 
albuminemia, euglycemia, hypoglycemia, hypocreatinemia, 


(NCPH). 
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Values approaching one were most consistent with a diag¬ 
nosis of MVD and PSS, w r here values closer to 0 were likely 
associated w'ith MVD alone. 36 Essentially, the lower the values 
for serum cholesterol and albumin concentrations, and MCV, 
and the higher the SBA concentration, the more likely the 

diagnosis of PSS. 

In cats, poikilocytosis is common, and about 30% have ery¬ 
throcytic microcytosis. Serum albumin, urea, and cholesterol 
concentrations can he strikingly normal or in the low-normal 
range. Serum glucose concentration is usually normal as are 
liver enzyme activities. The most consistent dinicopathologic 
abnormality in cats with PSS is high SBA, hyperammonemia, 
or both** 

As many as 50% or more of affected animals of both 
species may have dilute or hyposthenuric urine, but fewer 
numbers inconsistently have ammonium biurate crystalluria 
in a freshly voided and analyzed urine specimen. Persistent 
hyperammonemia and decreased ability to convert uric acid 
to allantoin favor formation of ammonium urate uroliths 
independent of urinary pH, 63 - 64 w'hich, in some cats and dogs 
with PSS, may be the only presenting complaint. 2031 Rarely, 
bilirubinuria can be seen in the absence of other chemical or 
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sediment abnormalities. Other than concentrating deiects and 
urinary sediment findings typical of animals w r ith hepatic vas¬ 
cular anomalies, little information is available concerning 
characteristic renal consequences. Arising from preliminary 

observations that 


Cfl o 


Figure 229-1 Preoperative photograph of a typical puppy with 

an hepatic arterioporial fistula. Ascites has resulted in a pot¬ 
bellied appearance. Numerous catheters and monitors have been 
placed, including a cephalic venous catheter for fluid and plasma 
administration, arterial catheter to monitor blood pressure, and 
a jugular catheter to monitor central venous pressure (CVP). 
The patient is placed on a warm-air blanket to help prevent 

hypotbermia. (Courtes v of Dr Chick Weisse. I 
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glomerular sclerosis, renal tissue from 12 dogs with PSS that 
had died or were euthanatized was examined retrospec¬ 
tively, 66 In six of nine dogs in which urinalysis was done, trace 
to 1 ± protein by dipstick analysis was found. All 12 dogs how¬ 
ever, had light microscopic evidence of glomerulopathy, with 

severity scores assigned as moderate to severe in nine of 10 
dogs in which paraffin-embedded tissue was available. The 
renal changes were believed to be associated with shunted 
antigens from the G1 tract; direct immunoperoxidase staining 
failed to consistently identify immunoglobulin deposition. 
Renal volume and glomerular filtration rate were compared 
with reference values in 21 dogs with confirmed PSS, with 
renal volume compared pre- and posts urgical correction in 
five dogs. Values for both decreased after surgery, perhap 
explaining in part why many dogs with PSS are polydipsic 
before surgery and that this directly relates to the presence of 
shunting. 67 Primary polydipsia was also documented in three 
dogs with PSS and theorized to be another reason for 
increased water consumption. 69 In animals with abdominal 
effusion associated with NCPH 
consistent with a pure transudate. 

Hepatic Histopathologic Findings Microscopic findings in 
liver specimens from dogs and cats with naturally occurring 
PSS mimic those of dogs with surgically created PSS, which 
was first described by Nicholas Eck in 1877. 69 Mild to moder¬ 
ate lobular hepatocellular atrophy with close approximation 
of portal venules, inconspicuous portal vein tributaries of 
small caliber, arteriolar duplication, lipidosis and vacuolar 
change, smooth muscle hypertrophy and increased lymphatics 
around central veins, and I to cell hypertrophy are the findings 
in both species. Some animals have mild fibrosis around 
tral veins. Minimal, if any, evidence of necrosis or inflamma¬ 
tion is seen. 12 ' 1823 ' 70 - 72 Random intralobular t him walled blood 
vessels can also be seen and may represent a compensatory 
response to decreased portal blood flow. The histopathologi 
changes in the liver are considered identical in dogs with PSS, 
MVD, and NCPH, 32 - 35 - 37 * 39 ^ 7 ' 50 and can be over- or misinter¬ 
preted among boarded pathologists (Table 229-1), 

Histologic changes in liver tissue at some distance from the 
vascular malformation or malformations in animals with APF 
are similar to those of other vascular anomalies, presumably 
associated with portal blood deprivation 91152 Findings in 
liver tissue in close proximity to the fistula include dilated 
portal venules, marked arteriolar hyperplasia, and sinusoidal 
capillarization. Some portal veins in resected lobes manifest 
evidence of previous thrombus formation and recanalization. 9 


Table ° 229-1 


Histopathologic Diagnoses of Two Pathologists 
Compared with the Medical Record Diagnosis 
in 33 dogs unth Hepatic Vascular Anomalies 
and in Two Normal Dogs 


MEDICAL 
RECORD 
DIAGNOSIS E VALU ATIO N) 


PATHOLOGIST! 

(BLIND 


PATHOLOGIST 2 

(BLIND 

EVALUATION) 


CASE 

NUMBER 


1 


CPS 


MVD 

NCPH 


CPS 


2 


s 


CPS 


CPS 


3 


CPS 


CPS 


N/CPS 


4 


CPS 


MVD 


N 


5 


CPS 


CPS 


CPS 


6 


CPS 


MVD 

MVD 


CPS 


7 


NCPH 

NCPH 


CPS/NCPH/MVD 

CPS/NCPH/MVD 


APF, fluid analysis is 


or 


8 


CPS 


9 


CPS 


CPS 


CPS 


10 


NCPH 

NCPH 

NCPH 

MVD 

NCPH 


NCPH 

MVD 


NCPH 


11 


CPS 


12 


CPS 


N 


13 


MVD 

NCPH 

NCPH 


CPS/NCPH/MVD 

NCPH 


14 


15 


CPS 


CPS 


16 


CPS 


CPS 


CPS 


17 


MVD 


N 


N 


18 


CPS 


MVD 

NCPH 

MVD 

NCPH 

MVD 


cen- 


19 


NCPH 

NCPH 

NCPH 

MVD 

MVD 

NCPH 

NCPH 


NCPH 


20 


N 


21 


CPS 


22 


1C 


N 


23 


CPS 


N 


24 


MVD 

NCPH 

MVD 


CPS/NCPH/MVD 

Unclear 

CPS/NCPH/MVD 


25 


26 


CPS 


27 


CPS 


CPS 


CPS 


28 


NCPH 


CPS 


CPS/NCPH/MVD 

Lobular dissecting 
hepatitis 


29 


CPS 


MVD 


30 


N 


N 


N 


31 


N 


N 


N 


32 


MVD 

MVD 

MVD 

MVD 


N 


N 


Diagnostic Imaging Microhepatia is found on survey 
radiographs in about 50% of cats, 121 ^ 20 and 60% to 100% of 
dogs 15 ' 17 ' 16 - 36 with PSS, Bilateral renomegaly may also be doc¬ 
umented. In dogs with MVD, the liver and kidneys are usually 
of normal size radiographically, 35 ^ 37 but the liver can be small 
in some cases, 36 Ammonium biurate uroliths are discovered in 
the bladder most commonly, but they can develop in the 
kidney, urethra, or both. They can be radiolucent, but usually 
contain enough calcium salts and magnesium ammonium phos¬ 
phate to make them moderately radiopaque. 

Confirmation of vascular communication or communications 
between the portal system and the systemic circulation may be 
achieved by using a variety of imaging modalities including ultra¬ 
sonograph), nuclear scintigraphy, portography, computed tomog¬ 
raphy (CT), and magnetic resonance imaging (MRT). 

Ultrasonographic evaluation of potential PSS is both 
sensitive (80% sensitivity for canine extrahepatic shunts, 
95% overall for canine shunts) and specific (67% specificity 
for extrahepatic shunts, 98% overall). 6 ' 73 It 

than portography doesn't require the licensure and handling 
precautions needed for administration oi radioisotopes, and 
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CPS 


N 


34 


N 


N 


35 


NCPH 


N 


CPS, Portosystemic venous shunt; Ml/D, micro vascular dysplasia; 
NCPH, non cirrhotic portal hypertension; N t normal 


unlike CT does not require general anesthesia. Abdominal ultra¬ 
sonography should therefore be strongly considered for all 
patients with possible PSS. Sensitivity improves with intrahepa- 
tic PSS (100%) as the shunt vessel is surrounded by hepatic 
parenchyma (Figure 229-2), whereas extrahepatic PSSs 

generally smaller and may be obscured by sound wave atten¬ 
uation "shadowing” secondary to the presence of gastric or 
intestinal gas, 6 73 The authors 1 experience with ultrasonographic 
evaluation of canine extrahepatic PSS suggests that results 
are highly operator dependent. The experience level of the 
operator must be taken into account when evaluating results 
Origin and termination of the shunt vessel or vessels mav be 


are 


is less invasive 
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Figure 229-2 Sonogram of an lntrahepatic portosystemic shunt 
surrounded by hepatic parenchyma. The arrows indicate direction 
of blood flow determined by color flow Doppler ultrasonography, 
(Courtesy of Dr. Kathy Spaulding.} 


Figure 229-3 Lateral per rectal technetium scintigrams. The 
head is to the right. Colonic technetium deposition site (C), liver 
(L), and thoracic (T) regions of interest. Technetium reaches the 
liver prior to the thorax in a normal dog (fop). The situation is 
reversed in a dog with a portosystemic shunt (bottom)* 


identified in many cases, but an understanding of the geome¬ 
try and location of complex, tortuous shunts may be diffi¬ 
cult to appreciate using two-dimensional ultrasonography. 
In patients with complex Lntrahepatic shunts, intraoperative 
ultrasonography may improve the surgeon's ability to locate 
and define the morphology of the shunt, although this has not 
been well described. Color flow and pulse wave Doppler 
ultrasonography offers the added advantage of visualization of 
blood flow direction, turbulence, and measurement of portal 
blood flow velocity. Portal flow velocity was decreased in dogs 
with experimentally induced cirrhosis with secondary portal 
hypertension and multiple extrahepatic shunts 74 ; therefore it 
may also be decreased in dogs that develop multiple shunts 
secondary to naturally occurring liver disease or after surgical 
attenuation of shunt vessels. The normal portal flow velocity 
for dogs is around 15 cm/sec, and flow velocity and direction 
is relatively uniform. Portal flow velocity was increased or 
variable in 9/17 (53%) dogs with a congenital extrahepatic 
shunt, and in 12 of 13 (92%) dogs with an Lntrahepatic shunt. 
Increased flow velocity may be due to decreased resistance to 
cranial flow because of the presence of the shunt. 

A variety of rectally administered radiopharmaceuticals 
have been used to identify the presence of PSSs. 

99ni Technetium pertechnetate is most commonly used because 
it is rapidly absorbed, relatively inexpensive, and has a short 
half-life. 76 ' 79 '® 0 After absorption by the colonic mucosa, 
^^technetium enters the colonic venous (portal) circulation 
and is transported cranially to the liver. The patient is placed 
in right lateral recumbency on the surface of a gamma camera, 
which detects the location of the isotope. This information is 
displayed on a computer monitor. In dogs with normal portal 
circulation, the liver is visualized as a bright area on the mon¬ 
itor as the Isotope is initially delivered to the hepatic micro- 
circulation (Figure 229-3), With time, the isotope enters the 
hepatic veins, caudal vena cava, and cardiopulmonary vascula¬ 
ture at which time the heart can be visualized on the monitor 

Although special handling of the isotope and patient are 
required, the study may be performed in less than 5 minutes 
and requires only light sedation. Morphology, number, and 
location of PSSs, if present, often cannot be ascertained using 
scintigraphy. By drawing regions of interest (ROI i around the 
liver and thorax using computer software, an estimate of 
shunt fraction is calculated based on the counts per pixel 
within each ROI (Figure 229-4). Normal dogs have a shunt 
fraction Jess than 15% (i,e., the image of the liver is signifi¬ 
cantly more intense than that of the thorax at the time of 
image acquisition),* 1 In contrast, in animals with PSS the 


image of the heart is initially more apparent as the isotope 

bypasses the liver via the shunt (see Figure 229-3), Shunt frac¬ 
tions in dogs with macro vascular intra- and extrahepatic 
shunts often exceed 80%, whereas the reported mean shunt 
index for five cats was only 52% in one study. 02 The range of 


76-79 


Figure 229-4 Time (seconds)/radioactmty (counts) curves of 
the normal (top) and shunt dog (bottom) depicted in Figure 229-3. 
Radioactivity in the liver is greater than that in the thorax in the 
normal dog (fop). The situation is reversed in the dog with a 
portosystemic shunt (bottom). Shunt fraction is calculated by 
using data collected over 12 seconds starting at the separation of 
the curves using the formula: 

[X total heart counts over time}/[X(total heart counts} 

+ (total liver counts) over time], 

Shunt fraction was 2.3% in the normal dog and 92% in the dog 

with a shunt. 
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shunt fractions for dogs with MVD is thought to be lower 
than those with macrovascular shunts, although this has not 
been reported. Shunt fraction estimation is inexact and 
to inter- and intraoperator variability. 83 As such, changes in 
shunt fraction over time should be cautiously interpreted. 
Despite its limitations, per rectal scintigraphy is quite useful 
in determining if significant shunting is present, if ultrasonog¬ 
raphy has failed to identify the presence of a shunt, yet clinical 
signs or laboratory test results are consistent with shunting, 
then scintigraphy should be considered. 

Portography, although less commonly performed because 
it is more invasive than ultrasonography and scintigraphy, 
has the advantage of offering a "global snapshot" of the patient 's 
portal circulation. By injecting contrast medium into the 
portal circulation, the relative location and number of PSSs 
may be identified with fluoroscopy, plain radiography, or CT 

( Figure 229-5). 84 Percutaneous splenoportography may be per¬ 
formed preopera lively by injecting contrast into the splenic 
parenchyma with or without ultrasound guidance. Caudally 
located shunts may be missed with this technique. Injection of 
contrast medium into the mesenteric artery via a femoral 
artery catheter is now' rarely performed because of less invasive 
options and because it results in a poorer quality study due to 
dilution as the contrast medium passes from the intestinal arte¬ 
rial to the portal circulation. Alternatively, a fluoroscopicaUy 
guided catheter may be inserted in the right jugular vein and 
advanced into the caudal vena cava, shunt, and portal system 
in dogs with large intrahepatic shunts prior to insertion of 
thrombotic coils (see discussion of treatment of intrahepatic 

shunts), or it may be used in the minority of dogs in which the 

results of ultrasonography and scintigraphy are inconclusive or 
discordant.^Portographic imaging may be used intraopera- 
tively by catheterization of a mesenteric or splenic vein to 
evaluate the morphology of the portal vasculature, to confirm 
the location of hard to find macrovascular shunts, or to rule 
out their presence in dogs suspected of suffering from 
MVD. 34 - 35 ' 3887 ' 88 The same catheter is used to measure portal 
pressures during shunt manipulation. Intraoperative portog¬ 
raphy can be cumbersome, because it requires either a portable 
radiographic unit or temporary’ closure of the abdominal inci¬ 
sion and transport of the patient. Sensitivity of intraoperative 
portography has been reported to be between 85% and 100% 
and is dependent on patient positioning. 

Computed tomography (CT) is primarily performed in 
dogs with complex intrahepatic shunts. Contrast medium 
injected into a peripheral vein highlights both the systemic 
and portal venous circulation. Alternatively in large dogs, the 


contrast medium may be injected into a splenic vein using 

ultrasound guidance,^ Because the radiopacity of the vascula¬ 
ture changes rapidly, helical CT is preferred because it allows 
rapid acquisition of data over a 

Transverse images of the liver and its vasculature are then 
reconstructed after data acquisition. Three-dimensional 
images of the shunt created with specialized computer soft¬ 
ware are especially useful to surgical planning. Disadvantages 
to CT are the need for general anesthesia and the 
A second anesthetic event may be eliminated if the CT 
is performed immediately prior to surgery; however, this 
allows the surgeon little time for evaluation of the images, 
especially if three-dimensional reconstruction is contemplated. 

Two- and three-dimensional magnetic resonance angiog¬ 
raphy (MRA) have been reported as reliable techniques 
for evaluating shunt vessels in human patients 93 Two- 
dimensional MRA, without contrast enhancement, has been 
evaluated in dogs with shunts and found to have the follow¬ 
ing sensitivities and specificities: multiple extrahepatic shunts 
(63% to 97%)^ and single congenital shunts (79% to 97%). 
The use of gadolinium-enhanced and three-dimensional MRA 
as preoperative planning tools for animals with complex shunt 
anatomy has not been reported to date. 

APF are seen as numerous tortuous vascular 


prone 


large anatomic 


area. 41 ^ 


cost, 

scan 


communica¬ 
tions with ultrasound or celiac arteriography (Figure 229-6). 11 

Microscopic hepatic arteriovenous fistulae were suspected in 

young dog, 52 Ultrasonographic evidence of reversed 

portal blood flow' (hepatofugal flow r ) and diminished forward 

(hepatopetal) flow are present in all cases. The portal venous 

system is often markedly distended. Multiple acquired PSSs 

may develop as a compensatory mechanism to diminish portal 

blood pressure and protect against splanchnic congestion 

(Figure 229-7) 4 11 Multiple shunts are most easily imaged in 
the region of the left kidney. 


one 


Differential diagnoses If 


an animal suspected of having 
PSS is older than average at presentation, or if a young dog has 

signs of portal hypertension, other primary hepatopathies 
must be considered, such as chronic hepatitis; liver biopsy is 
needed. If a PSS cannot be identified by ultrasonography, 
transcolonic scintigraphy, surgery, or portography in a dog (or 




Figure 229-6 Sonogram of a left-sided arterioportal fistula. 

The patient "s head is to the left, and ventral is toward the top of 

the image. Diaphragm (arrow/s), ascites fit), atrophied hepatic 

parenchyma (*). The APF (arrowheads) 
thin-walled tortuous vessels. (Courtesy of Dr Kathy Spaulding.j 


Figure 229-5 Lateral intraoperative mesenteric portogram of a 

cat, A large extrahepatic shunt vessel [arrowheads) originates 

from a branch of the portal vein (flrrrmd and terminates at the 
Ldudai vena 


is seen as numerous 


cava (n'c). [Courtesy of Dr, Daniel Brockman J 
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Intraoperative portography may be needed if the macro vas¬ 
cular shunt is difficult to locate, or if MVD is suspected and 
macro vascular shunting needs to be ruled out. 

Placement of a jugular catheter preoperatively is recom¬ 
mended so that central venous pressure (CVP) can be moni¬ 
tored during shunt attenuation and postop eratively. 102 An 
arterial catheter is also helpful in many cases for monitoring 

blood pressure. 

Without intraoperative warming, PSS shunt patients are at 
risk for developing profound hypothermia. Fluid-line warmers, 
warm-air devices, heating blankets, or a combination of these 
devices should be used in all cases. 

Patients undergoing surgical correction of an intrahepatic 
shunt may require additional surgical exposure cranial to the 
liver A partial median sternotomy and diaphragmatic incision 
may need to be performed. In these cases, placement of a chest 
tube will be required prior to surgical closure. 

Correction of Extrahepatic Portosystemic Shunts 

Many extrahepatic PSSs (48% to 68%) cannot be completely 
occluded with a single surgery without causing hfe-threatcning 
portal hypertension , m ]04 Once the shunt has been surgically 
identified, surrounding tissues are dissected away as close to 
the vena cava or diaphragm as possible (Figure 229-9). 
A suture is passed around the shunt so that temporary occlu¬ 
sion may be performed while measuring portal pressures. A 
variety of parameters are then evaluated during temporary 
occlusion to determine if complete ligation of the vessel is 
prudent. Significant increases in portal pressure as measured 
by a manometer attached to a catheter placed within a jejunal 
vein, increased intestinal peristalsis, intestinal and pancreatic 

venous 

that complete occlusion should not be attempted. 
Perioperative mortality rates after partial or complete ligation 
are generally between 10% to 20%. ,3,MfI03,105 Most dogs with 

a partially ligated shunt vessel improve clinically and often 
can be taken off of symptomatic treatment for some time. 
However, up to 41 % to 50% of animals with partially ligated 
extrahepatic shunts redevelop clinical signs months to years 
postop eratively (mean: 3 years). 28 103 106 Because of this, 
repeat laparotomy to attempt complete ligation, before clini¬ 
cal signs recur, has been recommended. Parameters to deter¬ 
mine appropriate timing for reoperation have not been 
documented. Of 24 dogs that underwent partial occlusion of 
their extrahepatic shunt, complete shunt occlusion occurred 
spontaneously in 15 (63%) 1 to 6 months postop eratively. 
This would argue against repeat surgery within this time 

period. 

Staged or gradual occlusion of the shunt vessel can result in 
complete resolution of shunting in many animals. By placing 
materials around the shunt that result in its gradual closure, 
acute portal hypertension associated with complete ligation 
may be avoided and perioperative mortality diminished. In 
addition, multiple surgeries are not required. Two implantable 
materials (ameroid rings and cellophane bands) have been 
evaluated for this purpose. Ameroid rings are composed of 
hydrophilic casein that swells over time (Figure 229-10). 
They are surrounded by a stainless steel collar, which limits 
outward expansion.They were originally designed as a cardio¬ 
vascular research tool to create gradual occlusion of coronary 
and other vessels and have been adopted as a treatment tool 
by veterinary surgeons. Placement around a shunt vessel 
results in occlusion in 30 days in most animals, although 
delayed closure of up to 90 days has been reported. 72 Shunt 
occlusion has been thought to be due partly to ring swelling, 
and partly due to an inflammatory reaction with fibrosis 
around the ring. The mechanisms by which the portal circula¬ 
tion accommodates increased flow have not been reported, 
but it is clear that acute increases result in life-threatening 


Figure 229-7 Intraoperative photograph of multiple acquired 
extrahepatic shunt vessels, which resulted from portal hyperten¬ 
sion in a dog with an APE (Courtesy of Dr, Chick We Use.) 


less commonly, a cat) suspected of having PSS, MVD is likely. 
Liver biopsy in such cases would provide evidence to exclude 
a more serious hepatopathy. 

If APF are not found in a young dog with ascites, a nor¬ 
malized to small liver and clinicopathologic evidence of hepa¬ 
tic dysfunction, lobular dissecting hepatitis (or other form of 
chronic hepatitis), and NCPH are possibilities. Histopathologic 
examination of liver tissue will distinguish these disorders. An 
algorithm to facilitate diagnosis of vascular disorders in dogs 

and cats is provided in Figure 229-8. 


congestion, and decreases in CVP are all indications 

' 102,105 


Surgical Management 

Preoperative and Operative Considerations Clinicians 
have good reason to believe that signs of HE should be con¬ 
trolled before surgical correction is attempted. In one study, 
asymptomatic dogs had a better prognosis for complete recov¬ 
ery after surgery. To start, a diet moderately restricted in protein 
(minimum 20% on a dry matter basis [2 g proteinAg/day] for 
dogs; 30% on a dry matter basis [3 g crude protein/kg/d ay] 
with adequate amounts of taurine and arginine for cats) is rec¬ 
ommended. 5590 If signs are not controlled with dietary modi¬ 
fication alone, an oral disaccharide (e.g., lactulose, lactitol), 
antibiotics, and soluble fiber may be added. For animals with 
ascites secondary to portal hypertension, a diet that is moder¬ 
ately restricted in sodium (0,20% to 0,25% on a dry-matter 
basis) is beneficial. 

After a diagnosis of PSS has been made, many clinicians 
prefer to preload patients with PSS on anticonvulsant medi¬ 
cations to diminish the risk of postoperative seizure activity. 
Potassium bromide (dogs: 100 mg/kg, orally every 24 hours; 
cats: 30 mg/kg, orally every 24 hours) may be started 2 weeks 
prior to surgery, and the dose adjusted (30 to 100 mg/kg, 
orally every 24 hours) to obtain a serum concentration of 
100 to 200 mg/dL." The lower end of the dose should be used 
in cats, because many develop coughing as an adverse 
effect. 100 Similarly, phenobarbital may be started (2,2 mg/kg, 
orally every 12 hours) and the serum concentration evaluated 
prior to surgery. Oral lactulose, antibiotics, and a low-protein 
diet are generally started at the same time. 

Given that most animals undergoing surgical correction of 
a PSS are hypoalbuminemic, and because current methods 
used to detect diminished hepatic production of clotting factors 
are insensitive (eg., prolonged PTT), fresh frozen plasma 
commonly administered pre- and intra op eratively (6 to 
10 ml/kg, intravenously). 101 Dextrose-containing fluids should 
also be considered in the perioperative period. Anemia com¬ 
bined with intraoperative fluid loading and blood toss may 
result in the need for cross- 
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Evidence of hepatic insufficiency 

* Signs of hepatic encephalopathy 

* Microcytosis 

* Decreased albumin 

* Decreased cholesterol 

* Decrease urea and creatinine 

* Decrease urine specific gravity 

* Increased postchallenge bite acids or ammonia 

* History of recurrent urate urolithiasis 


S ma II slat u re F de me nted or ove rty q u iet, 
renomegaly cryptorchid. cystoliths 


Transudative ascites J 


No ascites 


i 


Ultrasound 


Ultrasound 


Hypoeehotc fluid, 
mtcrohepatia, shunt 
ves sel s cl u ste red 
around left kidney 


No fluid, microhepatia 


Sh unt vess el v is u al ized? 


Nodular appearance 


Unremarkable 

appearance 


Turbulent blood flow 
in one or more lobes 
Liver otherwise 
unremarkable 


"I 


Scintigraphy (no anatomic detail) 
or portogram (anatomic detail) 


Fine-needle aspirate 


B iopsy 


f 


Shunt fraction 
< 15 % 


Shunt fraction 

>50% 


Noncirrhotic portal 
hypertension (NCPH) 
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Micro vascular 
dysplasia 


Surgical inspection 


Regenerative 
nodule, other 


Multiple 


Single 
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Fistula in one or 
more lobes 


Ligate shunt vessel 

Biopsy 


Primary hepatopathy 


Congenital 

portosystemic 

venous shunt 


Primary hepatopathy 


Remove affected 
lobes, biopsy 




Arterioportal fistulae 


Fig 1 ure 229-8 Suggested diagnostic path for animals suspected of having a portovascul ar anomaly. 
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went on to develop multiple acquired shunts despite continued 
flow through the original shunt, 107 

An alternative to the ameroid ring is cellophane tape or 
film, which is derived from plant cellulose. Cellophane incites 
an inflammatory reaction that results in gradual attenuation of 
the shunt vessel. Progressive occlusion is slower and poten¬ 
tially less complete than with ameroid constrictors; however, 
potentially diminished risks are associated with placement, 
including less risk of tearing the shunt, less shunt manipula¬ 
tion required, and less risk of kinking the shunt postopera- 
tively. Additionally, because occlusion is slower, there may be 
a diminished risk of developing multiple acquired shunts. 
When placed around the femoral vein in six dogs occlusion 
was progressive over a 6-week period in four of six dogs, and 
was incomplete in all. 110 Of eleven dogs with extrahepatic 
PSSs treated with cellophane handing, 10 had resolution of 
shunting. In eight dogs, shunt occlusion occurred by 8 weeks, 
whereas occlusion did not occur until 7 and 11 months in the 
remaining two dogs. 111 

Correction of Intrakepatic Portosystemic Shunts 
Intrahepatic shunt vessels are hidden from the surgeon by 
hepatic parenchyma in most cases. Because of their large 
diameter, complete ligation is rarely accomplished with one 
surgery. The location of the shunt may be confirmed intra- 
operatively by a variety of means. Palpation of the liver will 
often reveal a soft spot with accompanying fremitus in the 
affected liver lobe. Intraoperative mesenteric portography or 
ultrasonography may also be performed. 112 The portal vein 
branch that feeds the shunt vessel, as well as the exit point of 
the shunt, can be identified by passing a catheter through a 
purse-string suture and small incision in the portal vein. The 
catheter is passed era n.i ally through the shunt and into a 
prehepatic venous ampulla or thoracic caudal vena cava. A left- 
sided shunt (PDV or patent ductus venosus) empties into a 
venous ampulla, which also receives the LHV prior to emp¬ 
tying into the vena cava at the level of the diaphragm, 113 The 
shunt vessel , LHV-ampulla, or both are bluntly dissected free 
from the surrounding tissues between the liver and the 
diaphragm. The shunt vessel, LHV-ampuila, or both are then 
either partially ligated while monitoring portal venous pres¬ 
sures, or a large ameroid constrictor or strip of cellophane is 
placed. 114 Experimental occlusion of the LHV in normal dogs 
resulted in transient congestion of the left and central hepatic 
lobes, but it had no clinical effect. 115 New information indi¬ 
cates that dissection and partial ligation of the LHV or 
ampulla is not needed because left-sided shunts may be dis¬ 
sected prior to their entry into the ampulla in most cases. 5 If 
the shunt vessel empties directly into the vena cava (most 
right-sided and central shunts), a determination is made as to 
whether the portal vein branch that feeds the shunt can be 
dissected free from the surrounding tissues, 116 - 117 If possible, 
partial ligation, ameroid ring or cellophane band placement 
on this vessel is performed. 1 Ift Shunt vessels that empty 
directly into the vena cava, and for which the feeding portal 
branch cannot be isolated, are either partially ligated after 
inflow vascular occlusion of the liver, or an extrahepatic shunt 
may be created by placing a jugular vein graft or grafts 
between the portal vein and abdominal vena cava. After graft 
placement, complete resection of the shunt and its surround¬ 
ing liver lobe has been reported. Inflow vascular occlusion of 
the liver requires that the patient or liver be hypothermic at 
the time of surgery to limit ischemic damage to the liver. 
Whole body hypothermia has been reported in dogs with 
good results, despite complications that include severe 
hypotension, arrhythmias, acidemia, and cardiac arrest sec¬ 
ondary to increased myocardial irritability. np Topical cooling 
of the liver with cold saline may protect it from ischemia and 
reperfusion injury without the svstemic side effects seen wi fh 


Figure 229-9 Intraoperative photograph of a large splenic vein 
to abdominal vena cava portosystemic shunt vessel (arret//). 
(Courtesy of Dr, Chick Weisse.) 


portal hypertension, whereas gradual increases in portal flow 
lead to increased liver size. Portal hypertension associated 
with sudden complete shunt occlusion is generally not a prob¬ 
lem after ameroid ring placement unless the weight of the 
ring kinks the vessel postoperative!y, or excessive manipula¬ 
tion of the shunt vessel during ameroid placement results in 
thrombotic shunt occlusion, 72 A recent study investigating 
ameroid ring placement on external iliac veins in six dogs 
showed that the luminal area of the ring only decreased 
by 23%. All dogs had evidence of venous thrombosis at the 
site, with complete occlusion occurring by the sixth day in 
half of the dogs. loe This rate of PSS occlusion after ameroid 
placement may be too rapid, and could theoretically result in 
subclinical portal hypertension and subsequent development 
of multiple extrahepatic PSSs. Multiple acquired shunts have 
been reported in approximately 10% to 20% of dogs, and are 
even more common in cats, after ameroid placement (see Feline 
Portosystemic Shunts: Unique Considerations). 72 In these 
patients, symptomatic treatment may need to be continued 
indefinitely. It is interesting to note that four of 24 dogs 17%) < 
in one study that had an extrahepatic PSS partially ligated) also 
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Fi g U re 229-1 0 1 nt raope rati ve ph otogra phofthesamePSS seen 
in Figure 229-5 after placement of an ameroid ring around the 

vessel. (Courtesy of Dr Chick Weisse.) 









SECTION XV • 


1462 


Liver and Pancreatic Diseases 


whole-body hypothermia; however, this has not been evalu¬ 
ated in dogs with PSS, 120 To perform inflow occlusion, the 
aorta (or celiac and cranial mesenteric arteries), portal vein, 
and abdominal and thoracic vena cava are temporarily 
occluded. This allows the surgeon to make an incision into the 
thoracic vena cava or the portal vein, identify the shunt, and 
place a circumferential suture around it. 116 '* 21 Once the 
tomy has been closed and blood flow to the liver has been 
reestablished, the circumferential ligature is slowly tightened 
while monitoring portal pressures as for extra hep a tic shunts. 
The significant blood flow through large intrahepatic shunts 
cannot be suddenly obstructed by the surgeon without the 
development of life-threatening portal hypertension. 
Intraoperative shock (hemorrhagic and septic), cardiac arrest, 
and portal hyper- and hypotension have been listed 
of intraoperative death. Postoperative survival rates vary from 
75% to 89%, with peritonitis, portal vein thrombosis, and 
portal hypertension listed as the most common causes of 
death in the postoperative period. 1719 - 23 ' 20116 Predictors for 
the development of postoperative complications were low 
body weight {<10 kg) and hypoproteinemia or hypoalbu- 
minemia in one study. 122 Shunt location had 
short or long-term outcome. One- and 2-year survival rates 
were 60% and 55%, respectively, for partially attenuated 
shunts. After A months, euthanasia because of failure to show 
clinical improvement, was the most common cause of death. 
Another study followed 37 dogs that survived initial intra¬ 
hepatic PSS attenuation. Twenty-eight (76%) became clini¬ 
cally normal and required no medical management (mean 
follow-up: 16 months), 23 Nine dogs had persistent 
rent encephalopathy of which three were euthanized without 

surgery. Six dogs were reoperated, three successfully ligated, 
and three euthanatized at 


then placed in the shunt (Figure 229*11). Complete 
complete occlusion of the shunt requires multiple-staged 
coiling sessions to prevent the development of acute portal 
hypertension. 

Feline Portosystemic Shunts ; Unique Considerations 
Complete ligation of feline PSS is only possible in one of three 
cases. Most importantly, the prognosis after partial surgical 
ligation is less favorable than that reported for dogs. Although 
clinical improvement is usually seen after surgery, only 57% 
of 22 cats had a good to excellent long-term outcome. 
Persistence or recurrence of clinical signs has been reported in 
the majority of partially ligated cases. 12 20 515 - 61 For this reason, 
staged attempts to completely ligate the shunt vessel 
advocated, 2024 with resolution of clinical signs possible if 
complete ligation is eventually achieved. 

Given the poorer prognosis associated with partial ligation 
when compared with dogs, gradual occlusion of feline FSSs 
with ameroid constrictors has also been investigated. 2562 After 
ameroid placement, many cats (33% to 77%) experience post¬ 
operative complications, including central blindness (zero to 
45%), hyperthermia (zero to 27%), seizures (8% to 14%), and 
frenzied behavioral changes (zero to 23%) . Most of these 
complications are temporary. It should be noted that post¬ 
operative hypothermia and hypoglycemia are commonly 
reported in studies evaluating feline response to PSS ligati 
Despite the high frequency of complications, the postopera¬ 
tive mortality rate is low (zero to 4%) and compares favorably 


or near 


veno- 


60 
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as causes 


no effect on 
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or recur- 


surgery. 

Complete occlusion requires multiple-staged procedures, 
unless a vein graft is placed between the portal vein and the 

cava. By placing the graft, portal hypertension may not 
develop after complete occlusion of the intrahepatic shunt. 
Splenectomy followed by anastomosis of the splenic vein to 
the abdominal vena cava has been used to alleviate portal 
hypertension in one dog as an emergency procedure, 123 
Intraoperative hemorrhage from an intrahepatic PSS in this 
dog necessitated resection of the involved liver lobe and 
created life-threatening portal hypertension. As a planned 
procedure, a jugular vein may be harvested and used to create 
a bridge between the portal vein and the abdominal vena 
cava. With this technique, the surgeon essentially moves the 
shunt to an extrahepatic location, which allows for ligation 
resection of the intrahepatic shunt. This new extrahepatic 
shunt can then be treated by placing an ameroid constrictor 
around the graft in an attempt to achieve complete resolution 
of all portosystemic shunting. This technique has been 
reported in a limited number of cases. 124125 Eight of 10 dogs 
could have their intrahepatic PSS completely ligated using 
this technique in one study. 124 Nine of these dogs had 
excellent clinical outcome, despite the development of 
multiple PSS in four of eight dogs reevaluated 8 to 10 weeks 
postoperatively. 

Given the invasiveness and complexity of surgical correc¬ 
tion, interventional radiologic techniques may become 
routinely performed in the future. Transjugular coil emboliza¬ 
tion of canine intrahepatic PSS has been reported, and the 
short-term results are promising. 
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A fluoroscopically 
guided catheter is advanced from the right jugular vein to 
the caudal vena cava and shunt vessel. Contrast studies and 
measurement of portal pressures before and after coil pi 
ment are performed. A cylindric wire mesh stent is placed 
in the caudal vena cava at the level of the shunt to prevent 
coil mig ration Cathet er- delivered 1 hrr>mhngenic 


86 I 26 


Figure 229-11 Ventrodorsal fluoroscopic image of a catheter- 

delivered thrombogenic coil being placed into a large right-sided 

intrahepatic portosystemic shunt (PSS), The dog's head is toward 

the top of the image, A cylindric braided wire stent has been 

placed in the caudal vena cava at the level of the diaphragm to 

prevent cranial migration of the coil (Courtesy of Dr. Chick 
We i ss e.) 
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appears to be no place for vena cava banding in animals with 
conditions causing portal hypertension. 

f 

Postoperative Complications Despite preloading with 
anticonvulsants, postoperative seizure activity can still occur 
in PSS in some patients regardless of the shunt type or the 
surgical procedure performed, 104 134 13w Other residual neuro¬ 
logic deficits, such as transient blindness in cats, have also 
been reported. 62 In some cases, life-threatening status epilep- 
ticus may develop up to 3 days postoperatively. Some reports 
suggest that older animals are more prone to developing this 
complication, 135137 but this complication may occur regard¬ 
less of age. m A few of the causes that have been suggested 
include alterations in brain amino acid and neurotransmitter 
profiles, and withdrawal of gut-derived benzodiazepine 
agonists, 140 142 Postoperative seizures in these patients 
appear to he most responsive to intravenous barbitutate 134 
or a continuous rate infusion (CRI) of propofol (0,01 to 
0.25 mg/Tg/mmf 536 and management may require ventilatory 
and parenteral nutritional therapy. 

Life-threatening portal hypertension is uncommon, but it 
may develop in the early postoperative period, 36 7 2 - 102103 
Clinical signs may include abdominal pain, hypotension, 
ascites, and vomiting. Reoperation to remove the suture or 
ameroid ring that is obstructing blood flow through the shunt 
vessel must be performed immediately. Successful outcome 
after reestablishment of shunt patency is uncommon. 

Portal vein thrombosis may occur after shunt manipulation 
regardless of the surgical procedureJ hsj43 p mj Potential con¬ 
tributing factors to this condition include portal venous stasis 
or turbulent flow, endothelial damage, and hypercoagulabil¬ 
ity. 144 The authors have seen this occur in both dogs and cats 
with both intra- and extrahepatic shunts. Increases in portal 
venous pressures may result in the development of multiple 
shunts and continuation of clinical signs, or they may be 
severe enough to result in life-threatening Gl venous stasis. 
The optimal method and duration of treatment is not clear. 
Treatment with anticoagulants, thrombolytic compounds 
such as tissue-plasminogen activator, 14q or both should be 
considered. 

Treatment for Animals with Nonsurgical Conditions 

For dogs with partially occluded PSS, inoperable PSS, NCPH, 
or for animals with owners who decline definitive treatment, 
symptomatic management is recommended for life. Quality 
of life is improved temporarily, but fluctuating neurologic 
signs and occurrence of urate urolithiasis can be expected. 
The current ability to manage clinical signs in dogs with con¬ 
genital PSS primarily with diet is limited unless a purified diet 
is used, but it is no substitute for surgical correction. In a study 
of the long-term effects of surgically created end-to-side 
portocaval shunts in adult dogs, the diet used was a purified, 
carb oh yd rate-based diet formulated with a specific ratio of 
branched chain amino acid to aromatic amino acid compo¬ 
sition. Both dogs with created portocaval shunt and sham- 
operated dogs lived comfortably for nearly 1 year, free of signs 
of HE and weight loss. These diets are not made commercially, 
so they are inaccessible to owners. Another study evaluated 
23 dogs with congenital PSS that did not have corrective 
surgery but had symptomatic treatment for at least 3 years. 
About half of the dogs had been euthanatized within 1 year of 
diagnosis, mostly because of uncontrollable HE, but nine dogs 
lived a reasonable quality of life for 3 to 8 years. Similar stud¬ 
ies have not been performed in cats. Despite these encouraging 
findings in dogs, hepatic deterioration associated with poor 
portal blood flow progresses as long as the abnormal vascular 
pattern persists. The same regimen is used for cats with inop¬ 
erable PSS or for cats whose owners decline surgery 


to surgical attenuation (complete or partial ligation) of feline 
PSS (11%), 20 However, at recheck evaluation 8 to 10 weeks 
postoperatively, persistent shunting is common (57%). This is 
most likely due to the development of subdinical portal 
hypertension resulting in multiple acquired extrahepatic 
shunts, although this has been documented in only a few 
cases. As with dogs, too rapid closure of the shunt vessel or an 
underdeveloped portal system (or both) may contribute to 
portal hypertension. Long-term results vary between studies 
with 33% to 75% of cats reported as having a good to excel¬ 
lent clinical outcome 25 62 and 18% to 66% having a poor out¬ 
come. Owners contemplating surgical treatment for their cats' 
extrahepatic PSSs should be made aware of the discordant 
results reported in the current literature. 

Fewer than 10% of feline shunts are intrahepatic, and 
acquired shunts are rarely reported, therefore less can be said 
regarding their long-term prognosis. 20127 A left-sided intrahep- 
atic shunt consistent with a PDV is most common, although 
shunts involving the right and central liver lobes have been 
reported. As in dogs, feline PDVs empty into a venous dilatation 
or ampulla that receives contributions from the PDV, left hep¬ 
atic veins, and phrenic veins prior to emptying into the caudal 
vena cava at the level of the diaphragm. 1201 Partial ligation of 
the intrahepatic shunt cranial to the hepatic parenchyma has 
been reported in 10 cats. 12£> Most cats survived these proce¬ 
dures. 70 - ]2S ' 129 Complete occlusion of the shunt by ligation of 
the portal vein branch feeding the shunt and transjugular coil 
embolization has been reported in one cat each. 70130 Both cats 
survived and were clinically normal at long-term follow-up, 
This is in contrast to canine intrahepatic shunts, which can 
rarely be completely occluded with a single procedure. 

Correction of Arterioportal Fistulae Surgical treatment 
by resection of the affected liver lobe is successful in the 
majority of cases that have not gone on to develop multiple 
shunts. Partial hepatectomy has been successfully performed 
with and without temporary occlusion of the hepatic vascula¬ 
ture, 7010 Portal hypertension resolves immediately after liver 
lobectomy, although this resolution is incomplete in many 
cases. 7ft - 10 After surgery, animals that have formed multiple 
shunts may need to be treated medically with low-protein 
diets and medications as previously discussed for other forms 
of portosystemic communications. Upon review of 11 dogs 
with APF from four reports, eight of the dogs had developed 
multiple shunts by the time of surgery. 7 - 10 - 131132 Two dogs 
died or were euthanatized at surgery; one died 15 hours post- 
opmtively (hypovolemic shock); one dog each was euthana¬ 
tized at I month (esophageal stricture), 14 months (recurrent 
hepatoencephalopathy), 26 months (h emorrhagic diarrhea), 
and 31 months (recurrent vomiting). Four of the 11 dogs 
(36%) were still alive at 5, 24, 26, and 36 months postopera- 
tively. One dog still suffered from episodic HE 24 months 
postoperatively; the others were reportedly normal and off all 
medications and dietary management. 

Mu hip le Acquired Portosys temic Shu tUS Multiple ac qu i red 
shunts form in response to increase portal blood pressure. 
Cirrhosis, APF, and NCPH are some conditions that may result 
in formation of multiple shunts (see Figure 229-11). Treatment 
is aimed at controlling the underlying problem if possible, and 
the prognosis is guarded unless the underlying problem can be 
ameliorated (see discussion of symptomatic treatment of 
PSS). Surgical treatment has been performed in the past by 
partially occluding the abdominal vena cava in an attempt to 
raise cava! pressures above portal pressures and thus eliminate 
portosystemic shunting. Long-term survival and quality of life 
were no different between medically managed and surgically 
managed groups after hospital discharge in one study 137 There 
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No surgical remedy for MVD exists, so symptomatic 
management for HE (if present) is the only treatment recom¬ 
mended, Affected dogs seem to live comfortably in good 
to excellent condition for at least 5 years without serious 
consequences. 25 

For dogs with NCPH, one study concluded that affected 
dogs might live as long as 9 years after diagnosis with minimal 


symptomatic treatment for ascites, and for some, HE. Four 
dogs were euthanatized because of problems related to per¬ 
sistent portal hypertension (e.g., duodenal ulceration, urate 
urol i thi asis). 45 

For treatment of animals that have acquired portosystemic 
shunting associated with primary hepatobiliary disease, 
elsewhere in this text. 
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INTRINSIC AND IDIOSYNCRATIC XENOBIOTIC 
HEPATOTOXICITY 


intracellular events and many damage zone 3 (Figure 230-1), 
The most common hepatic reaction with intrinsic drug toxic¬ 
ity is necrosis without an inflammatory infiltrate. Although 
drug-metabolizing enzymes detoxify many xenobiotics and 
toxins, they also enhance the toxicity of some. 

Unlike intrinsic toxicity, idiosyncratic injury is thought to 
commonly involve immune-mediated mechanisms that either 
invoke specific cell surface death receptors, signaling apopto¬ 
sis or necrosis, or involve hapten and neoepitope expression 
on the hepatocyte surface. Idiosyncratic hepatotoxicity 
exhibit either a regional or mixed zonal pattern. 

Because the liver has an enormous regenerative capacity, 
replacement of lost hepatocytes may mask detection of drug- 
induced injury. The outcome of intrinsic and idiosyncratic 
biotic hepatotoxicity varies widely, ranging from cell survival to 
apoptosis or complete cytolytic necrosis. Nutritional status affects 


Deriving 75% of its circulation directly from splanchnic 
venous drainage, the liver receives direct and concentrated 
delivery of xenobiotics (drugs and environmental chemicals) 
absorbed from the gut. Consequently, because of this central 
position in drug metabolism and disposition, the liver is a 
pre fe renti al target for adverse xen obi otic rea ctions. M any xen o- 
biotics are capable of causing some degree of liver injury; these 
are broadly classified as intrinsic or idiosyncratic, although 
combination of reactions also may occur. 1 Intrinsic hepato¬ 
toxicity is a result of the direct action of a xenobiotic or its 
metabolite on vital cell targets; a prototype of this form of 
injury is acetaminophen. Biochemical and morphologic features 
of intrinsic hepatotoxins reflect either extrinsic mechanisms 
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Figure 230-1 Microscopic liver architecture: acinar unit 
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xenobiotic toxicity, with obesity favoring the accumulation of 
lipid-soluble toxic metabolites and anorexia or protein: calorie 
restriction resulting in reduced hepatic glutathione (GSH) con¬ 
centrations that can increase the hepatotoxicity of certain agents. 

Xenobiotic Hepatotoxicity; Morphologic Lesions 

Drug-induced liver injury can mimic all forms of spontaneous 
liver disease. Lesions that may be linked with xenobiotic hep¬ 
atotoxicity, include hepatocellular necrosis, toxic hepatitis, 
steatosis, and cholestasis (canalicular stasis with periportal 
Inflammation). A summary of xenohiotics-related hepatotoxic 
reactions is provided in Table 230-1, The most common 
effects are described below. 

Hepatocellular necrosis associated with xenobiotic toxicity 
may be zonal often zone 3) or panlobular. Clinically, illnesses 
may range from an asymptomatic increase in transaminase 
activity to jaundice and overt hepatic failure. Intrinsic hepato- 
toxins can produce vague gastrointestinal (G!) signs, abdomi¬ 
nal discomfort within a few hours to days of exposure (e.g., 
diazepam (cats) and carprofen (dogs)). In some cases, clinical 
signs resolve within days of xenobiotic withdrawal, however, 
in others, overt liver failure develops within 1 week and is 
associated with sequentially increasing liver enzymes, jaun¬ 
dice, coagulopathies, evidence of proximal renal tubular injury 
(i.e., granular casts, renal glucosuria), acute renal failure, and 
neurobehavioral changes indicative of hepatic encephalopathy 

Toxic hepatitis is characterized by diffuse or multifocal 
hepatic necrosis and degeneration with or without canalicular 
cholestasis. Hepatic acinar structure is maintained, but areas 
of necrosis and degeneration are surrounded by viable hepa- 
tocytes (+/— degenerative features) and an inflammatory infil¬ 
trate (mononuclear, macrophages, or eosinophils). Illness can 
range in spectrum from asymptomatic increases in transami¬ 
nases to signs of overt liver failure and jaundice. 

Steatosis (cytosolic fatty vacuolation) reflects the abnormal 
accumulation of triglycerides in hepatocytes in either a 
macro vesicular or microvesicular pattern, With the exception 
of hepatic lipidosis in cats, mild to moderate fatty vacuolation 
of hepatocytes may accompany Toxic” hepatitis. Microvesicular 
steatosis is thought to reflect severe metabolic disruptions asso¬ 
ciated with abnormal mitochondrial function. When diffuse, 
this lesion often accompanies inflammation and hepatocellular 
necrosis. 

Cholestasis Induced by xenobiotic toxicity results from the 
disruption of bile production or flow and may present as a peri¬ 
portal inflammatory lesion causing hepatocanalicular cholestasis 
or a less obtrusive, canalicular dysfunction without inflammation 
or necrosis. The major evidence for this form of injury involves 




Known Hepatotoxins 


Azathtoprine 
Carprofen (dogs) 

Clonazepam (cats) 

Diazepam (cats) 

Danazol (dogs) 

Acetaminophen (dogs and cats) 

D Eet hylea rba mazi ne ( Diro filaria immitis 
microfilaria-positive dogs) 

Diethy lea rba ma z i ne 
Calactosamine 
Glucocorticoids (dogs) 

Halothane (dogs) 

Ketocon azote 
Mebendazole (dogs) 

Methimazoie (cats) 

Methoxyflurone (dogs) 

Mitotane (dogs) 

Oxibendazole (dogs) 

Phenytain(dogs) 

Primidone (dogs) 

Phenobarbital (dogs) 

Stanozolol (cats) 

Thiacetarsemide (dogs) 


Commonly Reported Toxins 

Amanita mushrooms 
Afl atoxi n s/my cotoxins 
Blue-green algae: cyanobacteria 
Cycad (Sago palm nuts) 

Chlorinated compounds 
D i methyl n itrosa mine 
Dinitrophenol 

Heavy metals (Pb, Zn, Mn ( Ar, Fe, Cu) 
Phenols (especially cats) 


Endotoxins and Enterotoxins 

Enteric organisms: Clostridium perfringens, C. difficile 
Food poisoning: Staphylococcal, Escherichia coif 
Salmonella, Bacillus cereus 


Table 230-1 


Histologic Patterns of Xenobiotic Associated Hepatic Injury 


PATTERN OF INJURY 


MECHANISMS 


PROTOTYPE XENOBIOTICS 


Zonal necrosis 
Toxic hepatitis 
M i c rove s icu la r steat osi s 
Macro vesicular steatosis 
Phospholipidosis 

Canalicular Cholestasis 
Hepatic cholestasis 
Veno-occlusive disease 
Peliosishepatica 
Hepatic xeoplasia 

Mixed inflammatory patterns 


Xenobiotic adducts, free radicals, neoantigens 
Hapten formation neoantigen 
Impaired hepatic B-oxidation of fatty acids 
Increased triglyceride synthesis, reduced egress 
Formation of lysosomal inclusions 
Decreased membrane fluidity, Na/K ATPase 
Inflammation, Damage to bile canaliculi 
Occlusion of terminal hepatic venules 
Damage to sinusoidal membranes 
Unclarified 

Immune-mediated to product/adduct 


Acetaminophen, halothane 
Phenytoin, sulfonamide, isontazid 

Tetracycline, valportc acid, tamoxifen 
Anabolic steroids in inappetent cats 
Amiodarone 

Anabolic hormones, estrogens, androgens 

Chlorpromazine 

Azathioprine, 6-thioguanine 

Anabolic androgenic hormones 

Sex hormones 

Many drugs 


E 
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sequential increase in alkaline phosphatase (ALP) and GGT 
activity, and the development of hyperbilirubinemia. 

Specific Hepatic XenobioticToxkities 

A list of known hepatoxins follows. 

A ntimicrobial Hep ototoxicity A nti m icrobi al hepatotoxid ty, 
fable 230-2, has been widely recognized in humans and less 
commonly reported in veterinary patients. Trimethoprim'sulfa 
reactions are the best recognized example in dogs. Tetracycline 
therapy can result in fulminant hepatic failure in both dogs 
and cats as well as hepatic lipidosis. 

Anticonvulsants: Phenobarbital, PhenytoiUj and Primidone 
Phenobarbital hepatotoxieity is the best-characterized 
"idiosyncratic’ reaction in the dog, and has been well studied 


in this species as an enzyme inducer. It is clinically recognized as 
a hepatotoxin in some epileptic dogs. Clinical signs may include 
sedation and ataxia due to impaired drug metabolism. 
Anorexia, ascites, jaundice, and coagulopathy develop when 
liver damage is severe. A direct dose-related hepatotoxicity is 
not consistent. Clinical signs can develop within several 
months or years of phenobarbital initiation. Most dogs have 
been treated for over 1 year before showing clinical signs. 
Despite substantial hepatic injury, dogs may appear to he 
physically healthy despite abnormal serum chemistry values. 
Remission of clinicopathologic features and improvement in 
hepatic injury may occur after drug discontinuation. Dose 
reduction may produce improvement, but this is not well doc¬ 
umented. Necropsies in dogs succumbing to hepatic insufficiency 
usually confirm chronic liver injury or cirrhosis. Lesions are iden¬ 
tical to those described in dogs with primidone hepatotoxicity 


Antimicrobial Hepatotoxicity 


ANTIBIOTICS 


TYPE Of UVER INJURY 


Penicillins 

Amoxicillin 

Ampiciliin 

Amoxicilfin/davulanic acid 


Hepatocellular 

Hepatocellular 

Cholestatic*, mixed vanishing bile duct lesions, 

granulomatous 

Mixed 

Cholestatic 

Cholestatic, granulomatous 

Hepatocellular 

Cholestatic 


Carbenicillin 

Nafciliin 

Oxacillin 
Penicillin G* V 
T i m enti n 


Cephalosporins 

Ceftriaxone 

Cephalexin 


Mixed, cholestatic 

Biliary sludge/stones 
Granulomatous 


Tetracyclines 


Hepatic lipidosis', fulminant hepatic failure* (dogs, cats) 


Mac rot ides 

Erythromycin 

Azithromycin 

Clarithromycin 

Clindamycin 


Cholestatic*, vanishing bile duct lesions 

Cholestatic 

Cholestatic 

Acute hepatocellular injury 


Sulfonamides 

Trimethoprim-Sulfa 


Cholestatic*, hepatocellular*, mixed, granulomatous, fulminant liver failure* 
Chofestotic, hepatocellular, mixed, granulomatous, fulminant liver failure* (dogs) 


Antifungal 

Ketoconazofe 

Fluconazole 

Itraconazole 

Flucytosine 

Criseofulvin 


Hepatocellular*, mixed, fulminant liver failure 
He pa toce 11 u I o r*, c h o lest a tic 
Hepatocellular 
Hepatocellular 

Hepatocellular* cholestasis (cats)* 


A nti parasitic Agents 

Albendazole 

Mebendazole 

Thiabendazole 

Oxibendazole 


Hepatocellular, mixed 

Hepatocellular*, mixed, fulminant hepatic failure* 

Mixed*, vanishing bile duct syndrome with drethylcarbamazine, necrosis (dogs) 


'Antimicrobial dmg hepatotoxicity reported in humans hut pertinent tn veterinary patient^ 

From Brown S.t, Desmond PV, Hepatotoxicity oi antimicrobial agents. Seminar Liver Dis 2002; 22:157-07 
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also for potential hepato toxic effects. The mechanism by 
which hepatic toxicity occurs with most NSAIDs is not 
known, but it is not related to prostaglandin inhibition. 
NS A ID-associated hep atop athy is believed to be idiosyncratic. 
Thus it is reasonable to obtain baseline biochemistry values 
(alanine aminotransferase [ALT], alkaline phosphatase [ALP], 
blood urea nitrogen [BUN], creatinine, total protein, packed 
cell volume [PCV]) because these agents can be associated not 
only with idiosyncratic hepatotoxicity but also with dose- 
dependent Gl bleeding and exacerbation of renal insufficiency. 

Nearly all nonsteroidal anti-inflammatory drugs (NSAIDs) 
can cause an asymptomatic increase in transaminase activity in 
humans. Usually enzyme activity normalizes rapidly upon treat¬ 
ment of cessation. Virtually all NSAIDs can cause some form of 
liver injury. There is no clear correlation between chemical class 
of NS AID and risk of hepatotoxicity. The histologic type of 
injury varies within and between classes. Although hepatocellu¬ 
lar injury is most common, cholestatic injury, mixed injury, 
steatosis, and granulomatous reactions also are described in 
humans. Since many toxic metabolites are normally detoxified 
by GSH, some metabolites may become more injurious when 
hepatic GSH stores are depleted [e.g. in patients w ith chronic 
necroinflammatory and cholestatic liver disease], 5 

Two NSAIDs are directly hepatotoxic: aspirin and phenylbu¬ 
tazone. In humans, the effects of aspirin are predominantly 
dose-dependent, anicteric, rarely fatal* and are reversible when 
treatment is discontinued. Carprofen (see below), a propionic 
acid derivative is recognized to cause severe and sometimes 
lethal idiopathic hepatotoxicity in dogs. Reye's syndrome, an 
unusual adverse response to aspirin, occurs in children with 
viral infections and results from mitochondrial toxicity. 

Acetaminophen Acetaminophen is widely recognized to 
provoke hepatotoxicity through induction of the p450 
enzyme and impairment of hepatic GSH concentrations. 
Treatment with thiol donors to restore circulating and liver 
GSH status, or that directly conjugate toxic adducts can 
attenuate acetaminophen hepatotoxicity. Both NAC and 
S-adenosyl-L-methionine (SAMe) have been proven to do 
this. Dogs have an apparent predisposition to acetaminophen- 
induced liver damage due to their intrinsically low hepatic 
GSH concentrations relative to that of other species. 5 Cats 
have higher hepatic GSH concentrations and do not succumb 
to hepatotoxicity. Rather, they develop oxidative damage to their 
rbcs (red blood cells) (Heinz body anemia, methenoglobine- 
mia) because of labile sulfbydry bonds in their hemoglobin, 
and endothelial toxicity. 

Carprofen Carprofen is a lipophilic, propionic acid class 
NS AID useful for the amelioration of pain associated with 
osteoarthritis. It can provoke idiosyncratic cytotoxic hepato¬ 
toxicity in some dogs. 6 Severity of cytotoxic injury varies 
among dogs and appears unrelated to dose or duration of 
treatment. Most dogs have received treatment for at least 
2 weeks before showing vague signs of toxicity: anorexia, 
vomiting, lethargy, and polyuria/polydipsia (PU/PD), Some 
dogs w r ith occult hepatic injury lack clinical illness. Common 
clinicopathologic abnormalities include modest to markedly 
increased transaminases (exceeding increases in ALP). Renal 
toxicity (granular casts, glucosuria in the absence of hyper¬ 
glycemia, and proteinuria) may also occur. Some dogs 
succumb to fulminant hepatic failure, although most recover 
alter drug withdrawal and 1-2 weeks of hospitalized support¬ 
ive care. It is unclear whether chronic inflammatory liver dis¬ 
ease precedes or follows acute toxicity. 

Natural or Herbal Remedies Awareness of the potential 

hepatotoxicity of herbal preparations and other botanicals 
Manv herbal remedies arc believed to be harmless and are 


as 25% of primidone is metabolized to phenobarbital, and 
c annot be d i ffe re n ti a ted from d o gs w ith ot her fo mns of ch roni c 
parenchymal liver injury 2 Combination therapy of phenobar- 
bitol and primidone increase the risk of hepatotoxicity. 

Phenytoin, a potent enzyme inducer can cause hepatitis, 
jaundice, and death in dogs when used as an anticonvulsant, 
especially when administered in combination with either phe¬ 
nobarbital or primidone, A dose-independent chronic hepati¬ 
tis may progress to cirrhosis and appears to be reversible if the 
drug is discontinued promptly after initial signs of illness. 
Rarely, acute hepatotoxicosis has been observed. 

Diazepam 
appears to be 

lobular hepatocellular necrosis sparing the biliary epithelium. 
Affected cats received these agents for behavior modification 
(e.g. inappropriate urination)* Hepatotoxicity is recognized 
w ithin the first week (several days) of oral drug administration. 
Initial clinical signs include inappetence, vomiting, and severe 
lethargy associated with transaminases progressively rising 
levels. After several days, ALP GGT and bilirubin levels pro¬ 
gressively increase activities progressively and cats become 
overtly jaundiced* Clinicopathologic abnormalities may 
progress to reflect fulminant hepatic failure, including hypo¬ 
glycemia, profound coagulopathies, high creatinine kinase 
activity (muscle and myocardial necrosis), granular casts, and 
acute renal failure. Cats who have survived fulminant hepatic 
failure have received blood transfusions, plasma, vitamin K lr 
water-soluble vitamins, parenteral feeding, and aggressive fluid 
and electrolyte support. Administration of N-acetyleysteine 
(NAC) is recommended. Surviving animals have persistently 
high ALP and GGT activity for several weeks to months after 
recovery due to regeneration, and hyperplastic biliary epithe¬ 
lium. Similar toxicity has been observed in cats receiving oral 
clonazepam. 

Qxibendazale and Mebendazole Administration of a 
combination heart w f orm-hookworm preventative containing 
diethylcarbamazine and oxibendazole has been associated 
with lethal hepatotoxicity in dogs. Clinical signs developed 2 
to 4 weeks after the initiation of treatment and included 
lethargy, anorexia, vomiting, diarrhea, polydipsia, polyuria, 
and weight loss. Biochemical profiles reflected hepatocellular 
injury and cholestasis* 

Methimazole Methimazole used to treat hyperthyroid cats 
may be associated with cholestatic hepatotoxicity. This usually 

wnihin the first month of therapy and is indicated by 
increased liver enzyme activity (transaminases, ALP) and jaun¬ 
dice. Liver injury appears to be reversible with early drug dis¬ 
continuation. Because metabolism of toxic intermediates 
involves GSH, it is postulated that patients with subnormal 
hepatic GSH concentrations may beat an increased risk for 
hepatotoxicity. 3 Although not yet studied in the cat, hyper¬ 
thyroidism in other species reduces hepatic GSH concentrations, 
possibly from to increased oxidative stress associated with the 
enhanced metabolic rate. Because catabolism and protein defi¬ 
ciency states can enhance hepatic GSH depletion, certain 
symptomatic hyperthyroid cats may be at increased risk for 
methimazole toxicity. Cats with pre-existent liver disease 
associated with GSH depletion (e.g., cholangitis, eholangio- 
hepatitis) may also be at increased risk. 4 This coincides with 
the observation that cats w ith cholangitis/cholangiohepatitis 
may become increasingly symptomatic when hyperthyroid. 


Diazepam-associated hepatotoxicity in cats 
an idiosyncratic reaction. It causes severe pan- 
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Nonsteroidal Anti-inflammatory Drugs Because NSAIDs 
are being used more often in the treatment of inflammatory 
and painful conditions, it is important to be observant for not 

inhibition but 




of prostaglandin 


onh pastni. and renal effects 



SECTION XV * 


1468 


Liver and Pancreatic Diseases 


Table 230-3 


Herbal Remedies Associated with Hepatotoxicity 


ACENT/PRODUCT NAME 


TOXIC INGREDIENT 


EVIDENCE/TYPE HEPATOBILIARY INJURY 


African remedy 

(Mediterranean/African regions) 

Bajiaolian 

Chaparral leaf 


Atroctyiis gummifera 
Callilepsis la ureola 
Podophyllotoxin 
L arrea triden tata, 

nordihydroguaiaretic add 
Glycyrrhizin 

T u san-chi'f ( Composites ) 
PyrrolizEdine alkaloid 


Diffuse hepatic necrosis; acute onset within hours 
Mitochondrial toxins 
Abnormal liver tests 

Fulminant hepatic necrosis, zone 3 necrosis, 
chronic hepatitis, cholestasis, cirrhosis 
Vanishing bile duct syndrome 
Veno-occlusive disease 
Veno-occlusive disease 


Chinese Herbal Medicine 
Chinese Herbal Tea 
Co m frey (Symphytum officinale) 
(gordolobo yerba, tea, mat£) 
Dabsaika-to (differs from Sho-saiko-to 
in proportion of components) 
European remedy 
Germander 


Acute and chronic hepatitis 


Chelidonium majus, other 
Neoclerodane diterpenes P 
Teucrium chamaedrys 


Hepatitis, fibrosis, eosinophilic inflammation 
Zone 3 hepatitis, necrosis, fibrosis, 
csrrhosistoxidty enhanced by p450 
cytochrome induction and glutathione 
(GSH) depletion 
Veno-occlusive disease 


Herbal teas 

comfrey, Heliotroprium , Senecio, 

Crot Gloria , Symphytum , Vu-sanchfl 

[ Compositae ] 

jin Bu Huan 

Kombucba "mushroom" 

Ma-huang 


Pyrrolizidine alkaloid 


Lycopodium serratum 
Yeast-bacterial aggregate 
Ephedrine many other 
ingredients 

Aza dirach ta indica 


Acute/chronic hepatitis, fibrosis, steatosis 
Abnormal liver tests 

Acute hepatitis 


Margosa oil 


Hepatic lipidosis associated with diffuse 
mitochondrial failure (Reye's syndrome) 
Zone 3 necrosis, fibrosis, acute liver failure 
Hepatic injury, laboratory abnormalities 


Mediterranean traditional remedy 
Mixed preparations: mistletoe, 
valerian, skullcap 

Natural laxatives 

Oil of cloves 

Pennyroyal oil (home-made tea) 


Teucrium polium 
Unknown 


Senna, podophyllin, a loin 

Eugenol 

Labitae (mint) 

Mentha pulegium; pulegone 
—> menthofuran pulegone 
Saw palmetto 
Serenoa serrulato # Rygeum 
african um t other ingredients 
Sassafras albidum 
Scutellaria, others 


Abnormal liver tests 
Direct-dose hepatotoxin 
Zone 3 necrosis, liver test abnormalities, 
pulegone depletes glutathione 


Prostata 


Hepatitis, fibrosis, cholestasis 


Sassafras 

Sho-soiko-to (Tj-9) 


Hepatic carcinogen (animals) 

Zona), bridging necrosis, fibrosis, 
microvesicular steatosis, cholestasis 
Acute hepatitis, focal steatosis 


Chinese name; Xiano-Choi-Hu-Tang 


Many components 
Venencapsan (horse chestnut 
leaf, sweet clover, celandine, 
milk thistle, dandelion root, 
milfoil) 

Callilepsis la ureola 


Zulu remedy 


Hepatic necrosis 


commonly used without adequate medical supervision. The 
true frequency with which botanlcals cause hepatic damage is 
unclear but it is important to remain alert for a causal rela¬ 
tionship when liver injury is identified A list of hepatotoxic 
associations with different herbal remedies is provided in 

Table 230-3, 5 


and administration of activated charcoal (orally and by 
enema) is recommended. Animals with reduced consciousness 
or active enteric bleeding should not be made to vomit 
have vigorous enema manipulations performed for fear of 
causing aspiration pneumonia or exacerbating hemorrhage. 
Activated charcoal may importantly reduce enterohepatic 
circulation of certain toxins and should be administered. 
Antioxidant supplementation is warranted. Although not 
clearly a direct antidote lor every form of xenobiotic hepato 
toxicity, administration of NAG is sale, and may guard against 


or 


General Treatment Recommendations 

ft acute insertion of a hepatotoxin within the preceding 8 h 
prompt is suspected emesis, gastric lavage, high enema cleansing 
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hepatocellular thiol depletion. It is important that NAC be 
injected as a slow bolus rather than as a constant rate infusion. 
Using a nonpyrogenic 0,2 pm filter, give 140 mg/kg; subse¬ 
quently give 70 mgAg up to 4-6 times daily slow IV. Once 
oral medications can safely be administered, initiate SAMe 
20 mg/kg PG. SAMe is best administered on an empty stom¬ 
ach to ensure availability of this pivotal metabolic substrate. 
Supplementation with alpha-tocophetol (vitamin E, 101 u/kg 
orally per day) is also suggested. In fulminant hepatic failure, 
provision of clotting factors by administration of fresh frozen 
plasma is advised (2 to 5 mL/kg intravenously), along with 

vitamin K, (0.5 to 1.5 mg/kg subcutaneously, every at 12-hour 

intervals for three doses). For certain xenobiotics, particularly 
early after acetaminophen ingestion, cimetidine is adminis¬ 
tered with the intent of impairing cytochrome p450 activity 
responsible for generation of toxic adducts, Fluid therapy is 
provided to ensure adequate hydration, not only for normal 
circulatory support, but also for maximal biliary and renal 
excretion of toxic adducts. Fluids should be supplemented 
with B complex vitamins (1 to 2 mL/liter of fluid), along with 
KOI (judiciously using conventional sliding scale doses), ph 
phate, and magnesium according to needs. Glucose supple¬ 
mentation is important for patients in fulminant hepatic 
failure or demonstrating proximal renal tubule injury with 
glucosuria when hypoglycemia is recognized. For toxins that 
highly protein bound and difficult to eliminate, adminis¬ 
tration of medications with competitive protein binding 
may exacerbate toxicity. For animals with declining oncotic 
pressure, administration of synthetic colloids (hetastarch, 
Dextran-70) is advised. Because colloids may result in 
platelet-associated bleeding tendencies, fresh frozen plasma is 
preferred in animals in fulminant hepatic failure prior to colloid 

administration. 

Clinical use of Milk Thistle (silibinin) 

sial, except for intervention of amanitin-associated mushroom 

toxicity. 5 The active constituents, flavonolignans including sili- 

binin, isosilibinin, silidianin, and silicristin, are collectively 

known as silymarin; silibinin is the principle active ingredient. 

This herbal product is thought to be a hepatoprotective, antiox- 

idive, antiinflammatory, antifibrotic, and to promote hepatic 

regeneration. No evidence indicates that silymarin poses a 

toxic effect, although standardization of products and purity is 

unregulated. Doses of 20 to 50 mg/kg of 60% to 80% potency 

silymarin extract may be appropriate for dogs? studies of 

Amanita phalloides hepatotoxicosis used 50 to 150 mg/kg 
successfully. 5 

Nutritional support is critical for animals recovering from 
acute xenobiotic toxicity. Protein restriction should not be 
imposed unless signs of hepatic encephalopathy are recog¬ 
nized; undue restriction may impair a positive nitrogen bal¬ 
ance needed for tissue regeneration. 

Sequential evaluation of liver enzymes (transaminases in 

particular), total bilirubin (where elevated), and serum bile 

acids (SBA) (in those with normal bilirubin) can be used to 

monitor resolution of hepatocellular toxicity and improving 

liver functions. For lesions associated with reactive biliary 

epithelial hyperplasia, the serum ALP and GGT activities 

may increase for days after clinical improvement is firmlv 
established. 


If cholestasis is a component of chronic disease, accumulation 
of mem bran ocytolytic hydrophobic bile acids justifies its use. 3 


METALS AND LIVER DISEASE 


Because the liver is the first organ perfused by portal blood 
containing absorbed minerals, it can serve as a "sink" or “reser¬ 
voir" for excessive quantities of absorbed materials 
metals. Copper and iron play a critical role i 
reactive oxygen species (ROS); selenium and zinc contribute 
to ROS detoxification. Excess copper is primarily eliminated 
through the biliary system, thereafter undergoing an entero- 
hepatic circulation* The transition metals copper and iron have 
been proven to accumulate in the liver tissue of dogs and cats 
with necroinfl a minatory liver disorders where they may enhance 
hepatic vulnerability to oxidant injury.® 


or toxic 
in formation of 


Copper 

Because copper is a transition metal, it has both pro-and 
antioxidant effects. Pathologic hepatocellular copper overload 
has been well described in Bedlington terriers as a genetic 
defect and has been observed randomly in other pure and 
mixed breed dogs and in a few cats. Serum ALT activity has 
been shown to correlate with mitochondria! 


os- 


copper concen¬ 
trations, hepatocellular oxidant damage, and cytolysis in 

patients with inherited copper storage hepatopathy. The 

familial tendency for hepatic copper accumulation described 

in the West Highland white terrier does not consistently lead 

to liver injury. Copper retention is more commonly observed 

as a complicating feature of chronic cholestatic liver disease. 


are 


Iron 


In approximately 80% of dogs with chronic n ecro in fl am ma¬ 
te* ry liver disease, tissue iron concentrations exceed the 
normal ranged Recent work suggests that although this iron 
appears morphologically isolated in hepatic Kupffer cells, 
other macrophages or lipogranulomatous inflammatory foci in 
liver tissue, it remains biologically active and may contribute 
to ROS formation and hepatic fibrosis. 7 - 9 

It is clear that iron is a profibrogenic factor based on exten¬ 
sive study of humans with hemochromatosis, a genetic defect 
resulting in hepatocyte iron loading, A central role in liver 
fibrogenesis associated with iron overload is the Kupffer cell, 

which in turn, activates nearby stellate cells, directly mediating 
collagen gene activation. 

Therapeutic intervention in iron-related liver injury has 
been studied. High hepatic iron concentrations are associated 
with subnormal concentrations of vitamin E and a reduced 
GSH/GSSG balance in liver tissue. Hepatocytes depleted of 
GSH are more susceptible to iron-induced lipid peroxidation. 
In hemochromatosis, phlebotomy is the treatment of choice 
along with administration of antioxidant and hepatoprotective 
agents. Both vitamin E and silibinin attenuate iron-associated 
oxidative liver injury in this disorder. 10 - 11 One of the authors 
has rarely diagnosed apparent hemochromatosis-like hepatic 
disease in dogs and cats. These have been managed wdth phle¬ 
botomy (i.e., biweekly removal of no greater than 15% of 
blood volume), repeated based on circulating ferritin 
trations and serum iron indices (as well as chronic suppl 
mentation with antioxidants). 


remains controver- 


concen- 


Discontinuation of the suspected hepatotoxin is the most 
important interventional treatment for chronic xenobiotic 
hepa to toxicity. Intervention with glucocorticoids or other 
immimomodulating medications should only be based 
liver biopsy findings. Common involvement of oxidative stress 
argues for intervention with antioxidants, especially thiol 
donors (SAMe), and vitamin E until clinicopathologic findings 
indicate recovery. Ursodeoxychol acid is specifically indicated 
when high bile acid concentrations are a pan of the disease 
process, hut it has limited value in acute xenobiotic toxicity 


on 


METABOLIC DISORDERS 


Amyloidosis 

Amyloidosis involving the liver is uncommon but may occur 
as a component of systemic amyloidosis, a syndrome resulting 
from multiorgan extracellular amyloid deposition Amyloid is 
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affected cats have more than tenfold increase in circulating 
triglycerides yet normal total cholesterol. Kittens do not 
exhibit clinical signs other than fasting lipemia; they grow 

ally and show clinical signs at 8 to 9 months of age, 
including fasting hyperlipemia, lipemia retinalis, cutaneous 
xanthogranulomas [1 ip□ granulomas), and peripheral 

pathies due to the compression of lipogranulomas in areas of 
minor trauma. Treatment involves feeding a diet restricted in 
fats and triglycerides. Peripheral neuropathies may resolve or 
improve after several months on a fat-restricted diet. 

Canine Hyperlipidemia 

Abnormalities in canine lipid metabolism have received lim¬ 
ited attention. Affected breeds include Miniature Schnauzers, 
Shetland Sheepdogs, Briards, Beagles, certain terrier breeds 
(especially Scottish terriers, West Highland white terriers. 
Cairn terriers), and some mixed breed dogs. Hyperlipidemia 
in the dog predisposes to development of a diffuse vacuolar 
hepatopathy or biliary mucocele. Vacuolar hepatopathy may 
be associated with excess hepatocyte glycogen and/or lipid 
inclusions. Biliary mucocele formation may reflect the influ- 

of hypercholesterolemia on biliary cholesterol concen¬ 
trations and appears to be augmented by age-related cystic 
hyperplasia and possible dysmotility of the gallbladder wall. 

In the developmental stage, biliary mucoceles are asymp¬ 
tomatic and are serendipitously discovered during abdominal 
ultrasound performed for unrelated reasons. Dogs with large 
biliary mucoceles may present for associated necrotizing chol¬ 
ecystitis or they may be found ultrasound investigation for 
high liver enzyme activity (especially ALP). Many cases have 
a coexistent diffuse vacuolar hepatopathy causing a diffuse or 
multifocal hepatic parenchymal hyperechogenicity, hypo- 
echoic nodules, n ongra vita tion al gallbladder “sludge/' and a 
thickened, bi- or trilaminar appearance of the gallbladder 
wall. The appearance of a "kiwi” fruit echoimage within the 
gallbladder lumen is diagnostic for a firm, well-established 
mucocele. These must be surgically removed, the urgency 
depending on clinical evidence of necrotizing cholecystitis 
[hyperbilirubinemia, high liver enzymes, cranial abdominal 
pain, leukocytosis). Dogs with severe hypothyroidism can also 
develop pathologically significant hypercholesterolemia, hep¬ 
atic vacuolation, high liver enzyme activity associated with 
abnormally increased SB A concentrations, hyperbilirubine¬ 
mia, and biliary mucoceles. Initiating thyroxin therapy for 1 to 
2 weeks before elective surgical removal of a biliary mucocele 
is advised in these dogs if clinical signs of the mucocele are 
minimal. Although liver lesions resolve with institution of 
thyroxine, mucoceles usually require surgical removal. At 
surgery, the gallbladder should be excised because mucoceles 
have been observed to reform. Chronic life-long treatment 

fat-restricted diet (in hyperlipidemia patients) and 
chronic administration of ursodeoxycholic acid (15 mg/kg 
ally per day) is recommended for dogs with biliary mucoce¬ 
les, even after their removal. 


number of different amyloidogenic proteins 


made up of 

reflecting a diversity of disease processes, AU amyloid proteins 
share a pleated structure, resulting in a characteristic green 
birefringence when stained with Congo red and viewed with 
polarized light. In systemic amyloidosis of dogs and cats, the 
precursor protein is typically amyloid A (AA), an amino ter¬ 
minal fragment of the acute-phase protein, serum amyloid A 
(SAA). This protein may occur secondary to sustained acute- 
phase reactions associated with chronic inflammatory, infectious, 
neoplastic diseases or as a familial trait as it does in man. 

In systemic amyloidosis, the clinical signs vary correspond- 
_ to the pattern and extent of tissue involvement. In famil¬ 
ial A A amyloidosb in Chinese Shar Pei dogs and in Abyssinian 
cats, the most common presentation involves renal involve¬ 
ment. Systemic familial amyloidosis involving the liver has 
been described in a small number of dogs, and in Siamese, 
Oriental shorthair, Devon Rex, Burmese, and DSH cats.* 2 ' 15 
Investigation of amyloid protein in Siamese and Abyssinian 
cats suggests a unique isotype in the Siamese. Diffuse hepatic 
involvement predisposes to spontaneous hepatic rupture, 
owing to increased organ fragility and the presence of a coex¬ 
istent coagulopathy (inhibition or deficiency of factors, binding 
of ionized calcium, or deficiency of vitamin K). Cats present 
suddenly dead or hypothermic with acute signs of hemor¬ 
rhage from ruptured liver lobes (anemia, hemorrhagic abdom¬ 
inal effusion). A regenerative anemia, presence of Howell Jolly 
bodies due to splenic dysfunction from amyloid deposition, a 
"stress" leukocytosis, and poikilocytes are observed. 
Thrombocytopenia and abnormally prolonged clotting times 
are common in cats with hepatic rupture; some cats respond 
to vitamin K h Increased ALT is common, but some cases lack 
biochemical features indicating hepatic involvement. A famil¬ 
ial duster of cases is common. Hepatic ultrasonography ini¬ 
tially may reveal a diffusely hypoechoic liver 

Definitive diagnosis requires tissue biopsy and histopatho¬ 
logic demonstration of amyloid. Cytologic evaluation of an 
hepatic aspirate may suggest (but not definitively confirm) the 
presence of amyloid, based on the identification of pink 
amorphous material adjacent to hepatocytes (with a modified 
WrightVGiemsa stain). Caution is warranted before collecting 
liver samples because either aspiration or biopsy may initiate 
uncontrollable hemorrhage. On gross inspection, affected liver 
or spleen appear pale and enlarged, with rounded edges. The 
intestines may be dilated reflecting dysmotility secondary to 

amyloid deposition. 

Colchicine is used in the treatment of familial 
Mediterranean Fever in man (similar to the periodic fever syn¬ 
drome in Shar Pei dogs). It attenuates inflammation by inter¬ 
fering with release of inflammatory mediators, neutrophil 
participation, and deposition of amyloid fibrils. Clinical signs 
(several dogs) and histologic severity of hepatic amyloid depo¬ 
sition [as reported in one dog) have been blunted in Shar Pei 
dogs treated with colchicine (0.03 mg/kg orally per day). No 
experience exists with colchicine in cats with systemic amy¬ 
loidosis and liver involvement. Colchicine has been used in a 
few cats with hepatic fibrosis (0.03 mg/kg orally, once a day 
every other day). Acute treatment of liver hemorrhage 
requires generous provision of fresh whole blood and plasma 
transfusions. A grave prognosis is warranted for cats with hep¬ 
atic amyloid; survivors eventually succumb to renal failure or 
acute hypovolemic shock from liver lobe fracture. 
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Canine “Steroid or Glycogen” Vacuolar 
Hepatopathy 

The hepatic response to glucocorticoids varies remarkably 
among species. In the dog, rapid change in hepatic morphol¬ 
ogy and induction of liver enzymes is well recognized. High 
dose glucocorticoid administration usually causes significantly 
increased ALP and ALT activity within 2 to 3 days if given by 
injection and within 1 to 2 weeks if given orally. 18 Individual 
variation in response, different potencies of glucocorticoid 
agents, and route of exposure (endogenous, parenteral, oral, 

ocular) influence changes in hepatic morphology, 

features, and clinical signs. Typically, 


to 


Feline Lipoprotein Lipase Deficiency 

Lipoprotein lipase (LPL) regulates the dispersal of fatty adds 
to muscle and adipose. Deficiency disturbs fat metabolism 
leading to hypertriglyceridemia, hyperchylomicronemia, and 
systemic sequela of these aberrations. Several kindreds of cats 
with familial LPL deficiency have been studied; this defect is 
autosomal recessive trait. 1 - J Compared with normal cats, 


cutaneous, 
clinicopathologic 

creased ALP and GOT activity develop in parallel as these 

ndergo induction and subsequent release from 
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sinusoidal and canalicular membranes. Initially, (during the 
first week of glucocorticoid exposure) a liver-ALP isoenzyme 
predominates. This is rapidly replaced (within 1 week) with a 
glucocorticoid-ALP isoenzyme 19 Because most canine patients 
with increased ALP activity produce the glucocorticoid-ALP 
isoenzyme, clinical utility of isoenzyme fractionation is low. 

In the seminal study of glucocorticoid hepatopathy in the 
dog (injectable prednisone daily for 14 days), hepatocellular 
glycogen gradually increased, achieving maximal values on the 
fifteenth day. Glycogen accumulated first in zone 1 but there¬ 
after predominated in zone 3 resulting in typical ballooning 
degenera lion . After discontinuation of glucocorticoids expo¬ 
sure, hepatocellular glycogen slowly diminished over a period 
of weeks. Ultrasonographic features of vacuolar hepatopathy 
include diffuse or multifocal parenchymal hyperechogenicity 
with variable appearance of hypo echoic nodules. Distinction 
from other chronic necroinflammatory or fibrosing liver dis¬ 
orders is impossible without tissue sampling. 

A similar clinical scenario as that described for exogenous 
glucocorticoids occurs in dogs with adrenal hyperplasia syn¬ 
dromes, where high steroid sex hormone production or high 
cortisol production occurs, A confusing aspect of the vacuolar 
hepatopathy syndrome in dogs is its association with a variety 
of chronic health problems. These may reflect an aspect of 
patient stress response correlating with acute phase responses, 
resulting in enhanced production of endogenous corticos¬ 
teroid or non glucocorticoid steroid hormones (Box 230-2). If 
clinical scrutiny fails to disclose an underlying health problem 

or cortisol values consistent with classic hyperadrenocorticism 

in a dog with a prominent vacuolar hepatopathy associated 
with high ALP activity (often with modestly increased SBA 
concentrations), a sex hormone profile conducted before and 
after ACTH administration should be pursued. Samples may 
be sent to the University of Tennessee Endocrinology labora¬ 
tory (UTCVM Clinical Endocrinology Laboratory Tests, 
Department of Comparative Medicine, Room A105, 2407 
River Drive, Knoxville, TN 37996-4500; (865) 974-5638). 

Because severe vacuolar hepatopathy has been observed to 
progress to the severe lesions associated with the hepatocuta- 
neous syndrome, one of the authors (SAC) has recendy taken 
a more aggressive approach. Treatment is undertaken in 

patients with abnormally high sex steroids (single or multiple 
abnormalities involving androgen, progesterone, or estrogen 
hormones, without cortisol abnormalities) in the following 
circumstances: marked vacuolar remodeling with formation of 
reticulin-bound nodules, or clinical signs such as PU/PD, 
polyphagia, or evidence of compromised liver function (eg., 
high bilirubin, high bile acids). Treatment with mitotane (op' 
DDD) has been successful; experience with trilostane is lim¬ 
ited at present. L-deprenyl and melatonin treatment has been 
discouraging, and no experience exists with estrogen 
matase inhibitors in this syndrome. 

Hepatic Lipidosis Syndrome in the Cat 

Cats have a propensity for accumulating triglycerides (TG) in 
their hepatocytes, Systemically ill cats usually develop 
degree of hepatocellular fatty vacuolation. The development of 
lipid vacuoles within hepatocytes is not direedy noxious but 
rather reflects an underlying metabolic disorder. Hepatic TG 
accumulation is not problematic until the degree of vacuolation 
is morphologically severe In a normal feline liver, the fat con¬ 
tent comprises less than 5% of total organ weight. The liver of 
a cat with the HL syndrome may double or triple in weight 
from accumulated fat. 

TGs accumulate when the rate of hepatic synthesis exceeds 
their dispersal. Hepatic TGs are produced from fatty adds 
derived from the systemic circulation (dietary lipids, adipose 
stores) and from de mm hepatic synthesis. Ovemutrition, espe¬ 
cially with carbohydrates, augments hepatic fat accumulation 


Differential Diagnoses for Canine Vacuolar 
Hep a topalhy 


Hype rad renocortidsm 

Spontaneous disease 
Pituitary or adrenal origin 
lat rogenlc: g I u coco rt ico i d s the ra py: 
PO, IM, SQ, topical: skin, eye, ear 


Adrenal Hyperplasia Syndrome 

Abnormal sex hormone production 


Hepatocutaneous Syndrome 


Chronic Stress 

Illness >4 weeks 


Severe Dental Disease: 

Infection 


Chronic Infections or Inflammation 

(e.g. P Pyelonephritis, chronic dermatitis) 

m 

Inflammatory Bowel Disease (IBD) 

Chronic 

Ly m p h op I a s macyt ic 

Eosinophilic 


Neoplasia 

HI ■ - ' wb ■ 

Lymphoma, other 


Disorders Influencing Lipid Metabolism 

Diabetes mellitus 
Idiopathic hyperlipidemia 

(e.g., schnauzer, sheltie, other) 


-■/: 


Pancreatitis 

Chronic 


Hypothyroidism: Severe 


Congestive Heart Failure (CHF) 


are¬ 


as a result of a positive energy balance and an inhibitory 
metabolic influence on mitochondrial fat oxidation. Many 
cats developing HL are obese; unrestricted release of fatty 
acids from excessive adipose stores promotes HL, because up 
to one third of mobilized fat resides in the liver at any time, 
HL reflects the liver's inability to match fat dispersal with 
delivery from systemic sources. The balance of TG lipolysis 
and accumulation is modulated by blood glucose concentra¬ 
tion, hormonal, neural, and pharmacologic mechanisms. The 
activity of hormone sensitive lipase (1 iSL, promoting lipolysis) 
and LPL (promoting fat uptake) directly regulate adipocyte 
fat metabolism. Norepinephrine, epinephrine, growth hor¬ 
mone, glucagon, corticosteroids, and thyroxin increase HSL 
activity, whereas insulin inhibits HSL. Because cats release 
catecholamines readily stress may exacerbate HS1 activity. 
This effect is augmented in the absence of instil in resulting in 
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occult or overt HL in unregulated diabetic cats. The LPL 
activity promotes fat uptake into adipocytes in the well*fed 
individual. In starvation however, although LPL activity 
declines, H$L increases, this balance favoring hepatocellular 
fat accumulation. An obese individual undergoing self- 
imposed starvation [anorexia] consequently has increased risk 
for peripheral fat mobilization and hepatocellular uptake. 

The fate of fatty acids is diverse, including their consump¬ 
tion by beta-oxidation, conversion to phospholipids, use in 
formation of TG, cholesterol esters, to be packaged with 
apoproteins for dispersal as lipoproteins. An important mech¬ 
anism of hepatic TG egress or dispersal is through formation 
of very low-density lipoproteins (VLDL). A variety of subcel- 
lular activities regulate VLDL dispersal from the hepatocyte, 
including lipid transport through subcellular compartments, 
combination with apoprotein, formation of secretory particle 
and vesicle, and expulsion into the peri sinusoidal space. 
Impairment at any step or imbalance between essential lipop 
tein components may compromise hepatic fat mobilization. 
The essential interaction of fatty acids and L-camitine at the 
mitochondrial membrane for intraorganelle delivery and for¬ 
mation of activated fatty acid necessary for bet a-oxidation 
may also play a role in development of the HL syndrome. The 
ntly demonstrated deficiency of GSH in hepatocytes of 

these cats could represent dysfunction of the transsulfuration 
pathway. This, collectively considered with the common find¬ 
ing of B n deficiency in the HL cat (especially those with sub¬ 
stantial intestinal disease), supports defective availability 
use of SAMe necessary for raethylation reactions and de novo 
synthesis of L-carnitine. Studies of the Influence of L-camitine 

on fatty acid oxidation in the cat, and in modeled HL, support 
this associa tion. 1 

Ultra structural study of hepatocytes in HL cats documents 
reduced number of peroxisomes—organelles needed for 
oxidation of long chain fatty acids prior to mitochondrial 
delivery. This may further interfere with normal fat oxidation. 
Given the complexity of lipid metabolism, a multitude of fac¬ 
tors likely predisposes any given cat to HL. Possible scenarios 
include an increased presentation of fat to the liver as a result 
of obesity, catabolism, chronic over-nutrition, enhanced 

de now) hepatic fatty acid synthesis, or impaired fatty add 
oxidation or VLDL dispersal. 

Cats of any age may be affected by HL; most commonly 
cats are between 4 to 15 years of age. Domestic shorthair cats 

commonly affected, which may reflect breed popu¬ 
larity. Initial clinical features include inappetence and 
anorexia, weight loss, vomiting, lethargy, and weakness. 22 
Physical findings include dehydration, variable icterus, an 
unkempt appearance, and palpable liver margins. Although fat 

may become depleted on the limbs and dorsal trunk, abdom¬ 
inal fat stores are spared. 

Hematologic tests may disclose a nonregenerative anemia 

and a stress leukogram reflecting the disease causing anorexia. 

Poiidlocytosis is common and may reflect altered red blood 

cell (RBC) membrane lipids, metabolism and oxidative 
altering cell membrane flexibility. 

Biochemical changes reflect cholestasis, and to a lesser 
degree, altered hepatocellular membrane permeability and 
viability. Because the feline HL syndrome lacks necroinflam- 
matory lesions, release of transaminase and ALP usually coex¬ 
ist. Rarely, a cat with HL will have high transaminases with 
«'!ily modest ALP activity* In HL without pancreatitis or 
inflammatory disease involving biliary structures, the GGT 
activity usually remains quiet. Hyperbilirubinemia and high 
SBA concentrations are common. Hypokalemia reflects inap¬ 
petence and is significantly associated with failure to survive if 
uncorrected. 22 Hypoehloremia may reflect vomiting. 
Hypophosphatemia reflects a multitude of effects on the 
imercompartmemal homeostasis of phosphate, but 


importantly it may occur as a consequence of a refeeding syn¬ 
drome. A urinalysis reveals urobilinogen, bilirubin crystals, and 
bilirubin pigmenturia* 

Ultrasound evaluation characteristically shows a hyper- 
echoic hepatic parenchyma. Liver aspirates demonstrate hepa¬ 
tocellular lipid vacuolation. Aspiration cytology is good for 
identifying HL, hepatic lymphoma, and overt hepatic sepsis, 
but it is unreliable for detection of necroinflammatory disor¬ 
ders, especially cholangitis and cholangiohepatitis, Ultrasound 
examination is also important for inspection of disorders 
involving the pancreas, stomach, intestines, and biliary struc¬ 
tures, which may have initiated the inappetence resulting in 
HL. Surgical or laparoscopic biopsy of the liver reveals a 
yellow-tan hepatic color and friable tissue. Histopathology of 
hepatic biopsies reveals profound vacuolation of hepatocytes. 
Presence of lipid within vacuoles is verified using Oil Red-O 
stain on frozen sections not paraffin embedded. It is important 
to look for other findings in the liver biopsy and in other sam¬ 
pled tissues for an underlying primary disease process. 

Appropriate treatment requires client education regarding 
the likelihood of an underlying primary disease, the impor¬ 
tance of critical supportive care, without which the condition 
has a poor prognosis and the infrequency of recurrence of lipi¬ 
dosis in survivors. Treatment may require weeks to months of 
assisted alimentation and metabolic support. Concurrent 
medical conditions must be managed. A recovery rate exceed¬ 
ing 85% can be achieved if a primary disease is identified and 

ameliorated or cured and the patient survives the initial 72 hours 
of critical supportive 

The most important treatment is provision of a balanced 
feline diet delivering adequate energy intake (60 keal/kg/day)* 
Feeding is usually achieved using a feeding tube (esophagos- 
tomy tube being least invasive and easiest to manage with 
fewest com plications) * The number of feedings per day is deter¬ 
mined based on the volume of food tolerated per meal. The diet 
is balanced to prevent protein-to-calorie malnutrition. Fat sup¬ 
plementation is contraindicated Carbohydrate supplementa¬ 
tion Is ill advised (e.g., dextrose infusion) because of its 
inhibitory influence on fatty acid oxidation. Dietary protein 
restriction is reserved only for patients with irrefutable signs of 
hepatic encephalopathy. Placement of a large bore feeding tube 
is recommended after the patient is stable enough to tolerate 
anesthesia and bleeding tendencies have been circumvented by 
administration of vitamin Kj. Nasoesophagostomy tubes 
used only short term to start patient nutritional support. 
Gastrostomy tubes may be placed at the time of surgery; 
esophagostomy tubes may be placed under a shorter anesthetic 
or at the time of surgery. The Inappetent cat has increased risk 
for food aversion when confronted with forced oral alimenta¬ 
tion* Tube placement is discussed in Chapter 92. 

Vomiting must be controlled. Although this can be 
achieved medically (see Chapter 38), it may also be alleviated 
by reducing the feeding volume, increasing the number of 
meals per day, or by use of a trickle feeding approach with a 
syringe or fluid pump. Trickle feeding is accomplished by plac¬ 
ing liquefied food into an empty fluid bag and administering 
it gravitationally or by pump assistance via an intravenous line 
attached to the large bore feeding tube or by use of a large 
syringe filled with food and syringe pump. Care must be taken 

food and delivery tubing and syringe at 6- to 8-hour 
intervals to avoid bacterial contamination. 

Fluid support is best-provided intravenously with a non¬ 
lactate and nonglucose containing fluid. Lactate intolerance 
is suspected in the severe HL cat, and steady glucose infusion 
is thought to potentiate hepatic TG accumulation. Hydration is 

critical in any animat with severe hepatic insufficiency as is 
thought to exist in the HL cat. Dehydration impairs hepatic 
circulation, which can compromise normal detoxification 
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subsequently, enteric ammonia production. Constipation may 
be augmented by dehydration and prolongs contact with and 
absorption of endotoxic enteric material. Cats demonstrating 
signs consistent with hepatic encephalopathy may benefit 
from lactulose administration. Aggressive attention to correc¬ 
tion of hypokalemia is essential, this is accomplished using the 
customary sliding scale for fluid potassium supplementation. 

Hypophosphatemia may precede initiation of nutritional 
support but more commonly reflects a refeeding phenomenon. 
Treatment of hypophosphatemia accomplished using potassium 
phosphate (delivered at 0.01 to 0.03 nmol/kg/hr) monitoring 
serum phosphate every 6 hours. Phosphate supplementation is 
discontinued when serum phosphorus greater than 2 mg/dL. 
Iatrogenic hyperkalemia is possible if the clinician fails to 
appropriately reduce KCl infusion rate given concurrently. 
Parenteral phosphate requirements resolve once alimentation 
is established. 

Water-soluble vitamins should be added to intravenous 
fluids (1 to 2 mL vitamin B complex per liter). Cobalamin 
(vitamin B 1Z ) deficiency should be suspected in HL cats with 
thickened intestines on palpation; treat by giving 1 mg B 
subcutaneously. Administration of B 1Z in a deficient cat with 
HL is critical because this imposes a significant metabolic 
deficit, limiting methylation reactions and endogenous SAMe 
production. Thiamine (vitamin B|) deficiency also has been 
observed in cats presented for HL based on dramatic response 
to vitamin supplementation. Affected cats usually show severe 
neck ventroflexion; this also may occur w ith substantial hypo¬ 
phosphatemia, hypokalemia, hepatic encephalopathy, and a 
variety of disorders influencing neuromuscular or cervical 
vertebral function. Anaphylaxis may occur as a result of 
injected thiamine; oral rather than parenteral thiamine admin¬ 
istration (50 to 100 mg per cat per day for 1 week in those 
demonstrating consistent clinical signs) may be preferable. 

Cats with HL are often deficient in vitamin K as proven by 
the PIVKA (proteins induced in vitamin K absence or antag¬ 
onism) or prothrombin time (FT) tests. Lack of dietary intake, 
altered intestinal bacterial flora as a consequence of antimi¬ 
crobial treatment, impaired vitamin K epoxidase cycle associ¬ 
ated with hepatic dysfunction are considered underlying causes. 
Subcutaneous treatment with vitamin K is recommended for 
three doses (0.5 to 1.5 mg/kg at 12-hour intervals). Further 
treatment may induce RBC oxidation and hemolysis. 
Correction of PIVKA clotting abnormalities typically occurs 
within this time. Vitamin K treatment must precede insertion 
of feeding appliances, jugular venipuncture, cystocentesis, 
hepatic aspiration, or hepatic biopsy. 

Supplementation with 250 to 500 mg L-camitine per day 
is warranted based on experimental data and on observed clin¬ 
ical response. L-camitine is an essential cofactor of fatty acid 
oxidation. Although it may be derived from the diet, it also is 
normally synthesized endogenously from lysine and methion¬ 
ine. Methionine metabolism may be compromised in the HL 
cat, limiting transformation of methionine to SAMe. Because 
SAMe generates CSH through the transsulfuration pathway 
and L-camitine via methylation reactions, both depletion of 
GSH and L-camitine may result. L-camitine prevents accu¬ 
mulation of free fatty acids in the hepatocyte cytoplasm, as 
well as acetyl groups in the mitochondria where they inhibit 
beta-oxidation* It is surmised that the HL cat maintains a "rel¬ 
ative” local hepatocellular carnitine deficiency regardless of 
adequate plasma or muscle carnitine concentrations. Taurine 
may also be supplemented (250 to 500 mg/d ay); this essentia] 
amino acid in the cat is necessary for normal bile acid conju¬ 
gation, Owing to the compromised hepatic GSH shown in a 
small number of HL cats tested, antioxidant supplementation 
using vitamin E [10 lU/kg per day in food) and the thiol 
donor NAC intravenously during initial crisis [Heinz body 
hemolysis, recumbency) followed In SAMe there, [20 to 
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Treatment of Hepa tic Lipidosis in Cats 


1. Supply 60 kcai/kg/day of balanced diet: protein 
restriction is contraindicated unless encephalopathy is 
present 

2. Correct dehydration and maintain hydration using 
non-lactate, non-glucose—containing fluids. 

3* Supplement wit \ \ vita min K1 (0*5-1.0 mg/kg/day SC 
for 3 treatments at 12-hr intervals). - 

4* Place a large bore-feeding tube as soon as possible. 

5 * Co r re ct hypo ka le m ia. 

6* Correct hypophosphatemia. 

JB • BA * I _ ( . - m A am . p. k 

7* Supplement with 2SO-SOO mg L-carnitine/day. 

8, S u pp! em e nt with wa te r- sol u b le vita mi ns. 

9* Supplement with 25 G-500 mg tawire/day. 

10. Supplement with vitamin E (10 lUAg/d PO), NAC for 
crisis intervention, SAMe (20-40 mgAg/d via feeding 
tube). 
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40 mg/kg through feeding tube is suggested, A higher dose 
SAMe than is normally used may be necessary because 
removal of the enteric coating for administration through the 
feeding appliance theoretically limits SAMe availability* 
Alternately administer 90 mg/day in an uncmshed tablet 
orally Treatment of HL is summarized in Box 230-3. 


STORAGE DISORDERS INVOLVING THE LIVER 


Lysosomal Storage Disorders 

Lysosomal storage disorders comprise a group of inherited 
juvenile or adult-onset disorders that show different clinical 
features depending on the particular metabolic aberration. 
Most of these are autosomal recessive traits and express as a 
consequence of line breeding. 24 25 Normal lysosomes degrade 
cellular and extracellular macromolecules, providing amino 
acids, fatty acids, nucleic adds, and carbohydrate residues for 
reuse. Primary lysosomes, derived from the Golgi apparatus, 
may fuse w'ith other membrane-bound vesicles forming 
ondary lysosomes. Secondary lysosomes contain material 
derived from outside the cell through endocytosis or from 
within the cell by autophagy, Storage diseases are defined by 
the nature of the lysosomal hydrolase deficiency and resultant 
accumulating metabolic substrates or products. Disorders are 
suspected based on clinical signs, including progressive neuro¬ 
logic dysfunction, ocular abnormalities, visceromegaly (includ¬ 
ing hepatomegaly), and skeletal abnormalities; signs may 
overlap clinically with nonlysosomal storage disorders. 24 

The different disorders that may be associated with hepa¬ 
tocellular or Kupffer cell storage product accumulation are 
described in Table 230-4. The mucopolysaccharidoses (MPSs) 
and disorders associated with interrupted catabolism of 
oligosaccharides can be crudely determined by specific urine 
tests (e.g., toluidine blue for detection of glycosaminoglycans 
reflecting MPS). Evaluation of peripheral leukocytes (looking 
for unusual lysosomal granules in granulocytes, lymphocytes, 

and monocytes) and staining blood smears with acid phos¬ 
phatase (to confirm lysosomal vacuolation) can be helpful. 
Juvenile forms of certain storage diseases may be suspected from 
the appearance of vacuolated lymphocytes or monocytes in 

peripheral blood (e.g., mannosidosis, GM l-GM2-ganghosides, 
mucolipidoses). Ultra structural examination of skin also can 
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flora entering the portal venous circulation by enteric trans- 
mural migration are killed or extracted by the hepatic 
macrophages (Kupffer cells), migrating macrophages, with 
neutrophils, and some being eliminated in bile. Locally pro¬ 
duced immunoglobulins, primarily IgA, cooperate in providing 
innate immune defense. A number of conditions are known to 
predispose to hepatobiliary infections (Box 230-4). 23 Ischemic 
and hypovolemic injury decrease hepatic perfusion and 
impair macrophage function* The interruption of normal 
choleresis as occurs in cholestasis of any cause may result in 
infections derived from normal enteric organisms as rapid 
elimination of bacteria becomes compromised* 

Infection, sepsis, and endotoxemia may each cause hepatic 
injury and cholestasis. Clinical signs variably include hep- 
atosplenomegaly, fever, lethargy, and jaundice. Hematologic 
abnormalities may include a nonregenerative anemia (chronic 
inflammation), leukopenia, or leukocytosis with a left shift, 
and toxic changes in neutrophils. Biochemical abnormalities 
include increased transaminase and ALP activities and vari¬ 
able hyperbilirubinemia. Sep sis-related hypoglycemia might 
be recognized. Successful therapy requires judicious provision 


demonstrate lysosomal storage disorders, however it is not 
specific. Genetic testing for many disorders is available. Where 
this isn't possible, plasma, leukocyte, and tissue sampling with 
verification of storage products and enzyme deficiencies is nec¬ 
essary. For reliable assessments, samples from an age- and sex- 
matched peer group should be evaluated concurrently. 

Treatment is limited for these disorders. Bone marrow trans¬ 
plantation and enzyme replacement studies have been con¬ 
duced on canine MPS type 1 and VII, feline MPS type VI f canine 
fucosidosis, and feline ct-mannosidosis. Although variable 
improvements have been documented, this is not a practical 
recommendation and without neutering permits perpetuation 
of the genetic defect. Bone marrow transplant failed to improve 
advanced ceroid-lipofuscinosis in English setters. 


HEPATOBILIARY INFECTIONS 


The central position of the liver between the enteric and 
systemic circulation makes it an important interventional mech¬ 
anism guarding against infectious agents. Normally, enteric 


Table 230-4 


Storage Disorders Involving the Liver 


STORED PRODUCT/ 
DEFICIENT ENZYME 


REPORTED IN 


TISSUES IMPACTED 


CLASS 


Dogs and cats 


Nervous tissues, liver, 

mac ro ph eg es* g ra n u I ocyte s 
Hepotocytes, renal 
and neural cells 


Sphingofipids 


Sphingolipidoses 


Cats: Persians, DSH 

Springer spaniels, other dogs 


Sugars 


Giy coproteinosis 
Mannosidosis 
Fucosidosis 

Mucopolysaccharidoses 

(MPSs) 

MRS! 

MPS II 
MPS IHA 

MPS VI 
MPS VII 
Mucolipidoses 


Wide tissue involvement, 
growth deformities, may 
observe storage produce in: 
Hepatocytes, Kupffer cells, 
neural cells, 

MPS VI skeletal tissues 


Gtycosaminoglycans 

(GACs) 

{sulfates of dermatan, 
heparan, keratan, & 
chondroitin) 


Dogs and cats 

Dogs 

Dogs 

Cats {Siamese, DSH) 

Dogs 

Cats 


Growth deformities: involves 
many tissues including: 
cartilage, skin, connective 
tissue, Kupffer cells, 
no hepatomegaly 
Neural cells, Kupffer cells 


Features of sphingoliprdosis 

& MPS, deficiency of 

acetylgucosamine-1- 
p ho 5 p hotra n sfe ra se s 


Dogs and cats 


Upopigments (lipofusdn, 
ceroid) protein products 
Cholesterol (defective 
esterification) 

Storage: glycogen 


Ceroid-H pof uc i noses 


Dogs and cats 


H epoto cyt es, fi b rob I a sts 


Nlemann-Pick types A & C 
{Sphingomyelinosis) 
Glycogen storage diseases 


Dogs and cats, 

depending on form 


Liver, heart, skeletal muscle, 
kidney, CNS, 

RBCs: varies with defect 
Fail to thrive, obtunded, 
hepatomegaly causing 
abdominal distention 
Muscle, megaesophagus, neurons 

Like GSDIA, but 
m i Id hypo g ly ee m ia 
Lethal perinatally, cardiac signs, 
skeletal muscle atrophy 

RBC hemolysis (with alkalosis), 
skeletal muscle weakness, 
lacks hepatic involvement 


Maltese dog, toy breed 
puppies 


Deficiency: 

Glucose-6-phosphate 

dehydrogenase 

a-glucosidase 

Amylo-TG-glucosidase 


GSD IA 


Swedish Lapland dog 
German shepherd dog, 
Akita 

Norwegian Forest cat 


CSDM 
GSD 111 


a-1,4-D-glucan (glycogen 
branching enzyme) 
Phosphofructose kinase 

deficiency 


GSD IV 


English springer spaniel 
American cocker spaniels, 

cross breed dogs 


GSD VII 
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of fluid and electrolyte support, supplemental glucose for 
sepsis-related hypoglycemia, and appropriate antimicrobial 
coverage. Importantly, the underlying causal factor must be 
identified and either eliminated or controlled. Nutrition 
should focus on avoiding a negative nitrogen balance. 
Antioxidant support with thiol donors (NAC in crisis that can 
be used as an intravenous treatment; SAMe for more chronic 
oral administration) and vitamin E may be helpful. 23 

In general, hepatobiliary infections, and especially focal 
abscesses, are uncommon. Focal abscesses may result from 
trauma, ascending biliary tree infection, or ischemic lesions 
within the liver (e.g., necrotic liver tumor, thromboembolic 
lesions). 2326 29 Immunocompromised patients are at greatest 
risk especially for hepatic abscessation. 23 Multifocal abscess 
formation and microabscessation may involve a variety of 
organisms derived from systemic infections by hematogenous 
or lymphatic distribution, or by infection ascending the biliary 
tree. 23 ' 27 28 Early signs of hepatic abscessation are often vague 
(lethargy, fever, dehydration, trembling, anorexia, vomiting, 
diarrhea, and weight loss). Localization of disease to the 
abdomen may be indicated by abdominal tenderness and hepa¬ 
tomegaly. Hematologic features usually include a leukocytosis 
with or without a left shift and toxic neutrophils, as well as 
monocytosis; if chronic, a nonregenerative anemia may develop 
Biochemical features include increased transaminase and ALP 
activities, hyperglohulinemia, and sometimes, sepsis-induced 
hypoglycemia. Should an abscess rupture, septic peritonitis 
and abdominal effusion develop. Diagnosis is greatly facili¬ 
tated by abdominal ultrasound, which may disclose discrete 
focal lesions in the hepatic parenchyma and abdominal effu¬ 
sion* Cytologic evaluations of abdominal effusion or aspiration 
from discrete parenchymal lesions usually disclose neutrophils 
in various conditions (necrotic, degenerative, toxic) and bac¬ 
terial organisms* Culture of blood or urine may identify occult 
infectious agents. Submission of both aerobic and anaerobic 
microbial cultures from sampled lesions or effusion is critical 
for optimized therapy. Polymicrobial infections nearly always 
involve an anaerobic organism; approximately 50% of solitary 
hepatic abscesses in dogs appear to be polymicrobial. 23 Because 
anaerobes are difficult to cutture, they should be suspected 
and treated when cytologic evaluation discloses a polymicrobial 
population. Further, therapy should continue even if no organ¬ 
isms are cultured or only a few aerobic organisms are grown. 
Anaerobes may potentiate infection with other organisms and 
alter the course of disease. 2 ^ 30 ' 31 When causal factors remain 
illusive, hepatic biopsy may be indicated looking for underly¬ 
ing neoplasia or other primary hepatic processes predisposing 

to infection* 

Good initial therapy for hepatic abscessation is achieved 
with combination of penicillin and a fluoroquinolone or an 
aminoglycoside. Metronidazole or clindamycin can be substi¬ 
tuted for penicillin to provide an anaerobic spectrum. 23 
Dose reduction of metronidazole by 50% is indicated in 
patients with jaundice or reduced hepatic function (adjusted 
dose for dogs and cats is 7.5 mg/kg orally, twice a day to 

three times a day). 23 Fluoroquinolones provide broader gram¬ 
positive coverage compared with aminoglycosides and are 
thought to have better penetration across an abscess wall. 
First-generation cephalosporins, potentiated sulfonamides, and 
aminoglycosides, are uniformly ineffective against anaerobes* 
Animals with cholestasis also should receive ursodeoxycholic 
acid (10 to 15 mg/kg per day) to facilitate brisk choleresis. 
Hydration must be maintained to achieve this objective. 

Ultrasound-guided abscess aspiration as a primary mode of 
abscess treatment has been successfully applied to veterinary 
patients. 23 This approach is recommended for several reasons: 
(1) as a method of confirming the diagnosis, (2) to provide 
time for patient stabilization before surgical exploration for 
liver lobe resection, and (3) because it is successful as a soli¬ 
tary means of therapy in a sublet of patients. Major factors 


w«' \ 


Conditions Predisposing to Hepatobiliary Infections 
Disorders in Dogs and Cats with Culture Positive 
Hepatobiliary Infections 


Obstructed Bile Flow 

Extrahepatic bile duct occlusion 
Disease of the gall bladder 
Dys motility 

Cholelithiasis 
Cystic duct occlusion 
Cholecystic neoplasia 
Parenchymal cholestasis 

Destruction of intrahepatlc bile ducts: ductopenia (e.g. p 
certain cats with chronic cholangltis/cholangiohepatitis) 
Microcholelithiasis (intrahepatic bile ducts) 

Pa ncreatitis 


Impaired Hepatic Perfusion ± Oxidant Injury: 

Chronic necroinflammatory fiver disease: chronic hepatitis, 
chronic cholangiohepatitrs 
Cirrhosis 

Copper storage hepatopathy 
Acquired portosystemic shunting 
Congenital portosystemic shunting 
Liver, lobe torsion 
Hepatic neoplasia 

Primary: development of a necrotic center 
Hepatocellular carcinoma, Hepatoma 
Metastatic: 

Lymphosarcoma, adenocarcinoma, malignant 
histiocytosis 

Portal venous thrombosis 
Pancreatitis 

Trauma: automobile accident, bite wounds, penetrating wounds 
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Compromised Immunocompetence 

H y perad rena co rti c i sm 
Diabetes mellftus 
Severe hypothyroidism 

FIV/FeLV 

Treatment with immunomodulatory drugs: glucocorticoids, 
azathioprine, methotrexate, chemotherapy 
Amyloidosis 

Increased Translocation of Enteric Organisms 

Inflammatory bowel disease 

Enteric neoplasia: lymphosarcoma, adenocarcinoma 

Chronic liver disease 

Extrahepatic bile duct occlusion 

Reduced bowel motility 

Pancreatitis 


Neonatal 

Omphalitis 

Visceral larval migrans 
Toxoca ra 
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Iatrogenic 

Extension from a feeding device 
Surgical infection 
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arguing against this technique are unsafe access, contamina¬ 
tion or lesion depth exceeding aspiration needle length. It is 
always essential to anticipate a need for immediate surgical 
intervention when aspirating a suspected hepatic abscess in 
the event of abscess rupture into the peritoneal cavity. 

Successful management of multifocal microabscessation can 

be accomplished with intravenous antibiotics if the involved 
organisms are identified and sensitivity defined. Treatment 
requires extensive supportive care and long-term administration 
(months) of a tailored antibiotic regimen targeting involved 
pathogens along with identification and management of the 
underlying predisposing cause. Disseminated sepsis should 
initiate a search lor an underlying condition compromising 

immune defense. 23 


Differential diagnoses that should be considered include 
metazoal (e.g., schistosomiasis, dirofilariasis), fungal (e.g., 
histoplasmosis, paeci I o mycosis), protozoal (e.g., visceral leishma¬ 
niasis, toxoplasmosis), bacterial (e.g,, mycobacteria, Nocardia , 
Bartonella , Brucella r Borrelia, Propionibacterium acnes }, and viral 

(e.g., feline coronavirus infectious peritonitis [FI P]} infections, 
and visceral larval migrans (Toxocara migration). N on in fectious 
disorders may be caused (drug reactions, lymphangiectasia, 
histiocytosis or histiocytic neoplasia, lymphosarcoma, and 
immune-mediated inflammation. The last may be associated 
with a positive antinuclear antibody test. 1 Until recently, 
causative factors have remained elusive in at least 50% of 
cases. However, with increased molecular surveillance for 
infectious causes, more definitive diagnoses are anticipated. 


Hepatic Involvement in Systemic Infectious Disease 

A number of systemic infectious diseases can involve the hver 
(see Box 230*4). 23 32 Agents with tropism for endothelium, 
parenchymal hepatic cells or macrophages are particularly 
prone to secondarily involve the fiver. Infectious canine hep¬ 
atitis caused by adenovirus type 1 is a unique pathogen 
because it is the only recognized virus with primary tropism 
for the liver. Along with severe hepatic necrosis and initiation 
of chronic hepatitis, glomerulonephritis, comeal edema, and 
uveitis may develop. This is currently a rare condition in North 
America due to high efficacy of vaccination programs, 3134 

Granulomatous Hepatic Inflammation Granulomatous 
hepatic inflammation is an uncommon diagnosis character¬ 
ized by multiple discrete, sharply defined nodular infiltrates 
consisting of macrophage aggregates (and with or without 
epithelioid cells), surrounded by or intermixed with lympho¬ 
cytes and plasma cells. Lesions may be focal, multifocal, or 
diffuse. Underlying causes include many infectious agents. 


HEPATOBILIARY NEOPLASIA 


The most common primary and secondary types of hepatic 
neoplasia in the dog and cat are shown in Table 230-5. 
Retrospective studies show an incidence of primary hepatobil¬ 
iary neoplasia in less than 1,5% of all canine and less than 2.9% 
of all feline neoplasms, 35-41 Hemoiymphatic neoplasia in the 
liver is more common. The peak incidence of hepatobiliary 
cancer occurs at 10 to 12 years of age in both species. In cats, 
malignant tumors develop at a younger age than benign tumors 
da 38-4 ' 48 It remains unclear whether previously eliminated 
feline leukemia virus (TeLV) may induce oncogenic transfor¬ 
mation resulting in feline hemoiymphatic neoplasia in the liver. 
In dogs, hepatic carcinoids occur at a mean age of 8 years. 37 - 43 
No significant breed predilections exist for primary liver cancer; 
however, female dogs may be predisposed to biliary carcinoma 
(BC), while male dogs and cats to hepatocellular 

(HOC), 37 ' 43-46 Although 


carcinoma 

no evidence indicates that chronic 


Table 230-5 


Hepatic Neoplasia 


DOCS 


CATS 


“Primary Hepatic Tumors (26%) 

H epatoc el 1 u I a r ca rd nom a 
H epatocell u I a r a d e n om a 
Hepatic hemangiosarcoma 

carcinoma 


•Primary Hepatic Tumors (20%) 

Biliary carcinoma 

Hepatocellular carcinoma 
Hepatic hemangiosarcoma 


Other 

Leiomyosarcoma 

Lipo sarcoma 

Myxosarcoma 

Fibrosarcoma 
Biliary adenoma 
Hepatic carcinoid 


Other 

Biliary cystadenoma 
Myelolipoma 
Hepatic carcinoid 


Hemoiymphatic Neoplasia (28%) 

Lymphosarcoma 
Mast cell tumor (MCT) 

Plasma cell tumor 


Hemoiymphatic Neoplasia (60%) 

Lymphosarcoma 

MCT 

Plasma cell tumor 


Metastatic Neoplasia (46%) 


Metastatic Neoplasia (20%) 


* Primary tumors: in order of prevalence 
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involved biliary tissues maybe recognized. Pulmonary met as- 
tases occur late in the disease process. 

Abdominal ultrasound is a better imaging modality for the 
detection of mass lesions, with a sensitivity (true positive, all 
patients with neoplastic lesions) ranging between 20% to 84% 
depending on operator, equipment and tumor type. 6061 
Although echogenicity and distribution can suggest a tumor 
type, broad overlap of patterns occur and findings do not 
closely correlate with histologic type, 62 Lesions may be local¬ 
ized or diffuse, hypo-, hyper-, or of mixed echogenicity; target 
lesions (hypoechoic margin surrounding a hyperechoic core) 
may be observed with carcinomas and other tumor types. 
Most variable in appearance are lymphomas as these may 
assume nearly any echogenic appearance or remain indis¬ 
cernible despite diffuse hepatic involvement. Ultrasound may 
fail to detect neoplasia, and mass lesions from other causes 
may be erroneously assumed to be neoplasia. 63 Hematomas 
acquired from needle aspiration or Tru-Cut® biopsy sampling 
may subsequently be observed as mass lesions. Doppler (color 
flow) assessment of the mass may show vascularization more 
consistent with a tumor versus a benign process. 5064 
Computed tomography (CT) or magnetic resonance imaging 
(MRI) can provide information valuable in tumor staging and 
planning for attempted surgical resection. 

Collection of cells by fine needle aspiration or tissue (via 
Tru-Cut® needle, laparoscopic, or surgical biopsy) for 
histopathology is required for definitive diagnosis. ss - 66 
Cytologic diagnoses of lymphoma, MCT, and carcinomas may 
be accomplished in some cases. Bleeding tendencies must be 
considered before invasive tissue sampling. Usually, fine 
needle aspiration poses little threat. 

Treatment and prognosis of different forms of hepatic neo¬ 
plasia depends on its distribution, localization, and tumor 
type. Removal of focal mass lesions or liver lobe resections are 
recommended for neoplasia restricted to the liven Tumors 
involving the porta hepatis cannot be resected. The consider¬ 
able regenerative capability of the liver can permit successful 
resection of up to 80% of the liver if the remaining tissue is 
normal functionally and critical supportive care provides 
fluid, electrolyte, glucose, water-soluble vitamin, and coagula¬ 
tion factor support. 67 Caution is warranted in diagnosing 
apparent metastatic disease on the basis of gross appearance 
of the liver at the time of surgery, because hyperplastic nod¬ 
ules may be mistaken for cancer. Mass resection may offer pal¬ 
liation in the circumstance of a bleeding mass, despite 
irrefutable evidence of metastasis. Biliary tree diversion (bil¬ 
iary enteric anastomoses) should be considered for obstructive 
lesions involving the extrahepatic biliary structures because 
long-term palliation is possible. Chronic biliary tree occlusion 
results in cirrhosis within 6 to 8 weeks. 

A fair to good prognosis may follow excision of focal 
canine HCC and benign feline tumors. However, dogs with 
BC and cats with malignant tumors have a poorer prognosis, 
HCC can be confusing because it may present as diffuse, mul¬ 
tifocal, or solitary lesions. Histopathologic subtype and 
anaplastic characteristics also influence whether a HCC will 

metastasize. Metastasis is highest (100%) with diffuse HCC 
and lowest (37%) with solitary mass HCC. After surgical 
resection of HCC, a median survival time (MST) of 3 7 7 days was 
reported (n = 18). 42 Adjunctive, postoperative chemotherapy 
(5-fluorouracil, cisplatin, actinomycin D) has not been shown 
to provide significant benefit in dogs. However, one of four 
dogs treated with mitoxantrone had a complete response , 1m 
No comparable information is available for cats. 

Biliary carcinoma shows a high metastatic rate in both dogs 

4 8,69 


inflammatory liver disease predisposes to HCC in dogs, cats with 
chronic cholangitis may have an increased predisposition to BC. 

Primary liver tumors may be classified as hepatocellular, 
biliary, neuroendocrine or as sarcomas. Secondary metastasis 
of neoplasia to the liver is common in both species, and rep¬ 
resents the largest proportion of hepatic cancers In dogs. 47 - 49 
Lymphoreticular neoplasia involving the liver occurs in both 
species and represents the largest proportion of cancer in 
feline liver. 50 

Hepatic nodular hyperplasia is common in geriatric 
dogs, but unlike in humans, does not appear to represent a 
preneoplastic change. Biliary cystadenomas are considered 
benign tumors in older cats, and may be focal or multifocal. 51 ' 53 
Some of these may have a malignant behavior due to location 
in the porta hepatis. In younger cats, multiple hepatic cysts 
may express as a manifestation of polycystic disease, with or 
without renal lesions. Confusion in histologic diagnosis of 
these lesions with biliary cystadenomas may occur in some 
patients. 

Clinical signs of hepatic neoplasia are often vague and non¬ 
specific including chronic lethargy, inappetence, dehydration, 
PU/PD, and fever. Less commonly, vomiting, diarrhea, 
jaundice, and ascites may develop. PU/PD is more commonly 
linked to primary liver tumors (up to 50% of dogs). Rarely, 
neurologic signs may occur in dogs and these reflect hypo¬ 
glycemia or hepatic encephalopathy 37 54 * 55 Weakness due to 
myasthenia gravis associated with carcinoma was described in 

a dog. 56 Many animals (25% dogs, 50% cats) will be asymp¬ 
tomatic. Finding a cranial abdominal mass or hepatomegaly is 
the most common physical abnormality. 

Clinicopathologic features are usually vague-and non¬ 
specific. Hematologic tests may reveal a nonregenerative 
anemia and a neutrophilic leukocytosis reflecting neoplasia - 
associated inflammation. Hepatic hemangiosarcoma may pro¬ 
duce a regenerative anemia, acanthocytosis, and schistocytosis. 
Mast cell tumors (MCTs) may produce eosinophilia and signs 
associated with release of biogenic amines. 54 * 55 Lymphoma may 
be accompanied by circulating lymphoblasts, eosinophilia, 
thrombocytopenia, thrombocytosis, and hematologic effects 
attributable to bone marrow involvement. 

Biochemical changes reflect hepatocellular or biliary 
epithelial damage or biliary stasis (increased transaminase and 
ALP activities, hyperbilirubinemia, high SB A concentrations). 
Hepatic enzyme activity does not reflect the degree of hepatic 
neoplastic involvement. High SB A concentrations develop in 
50% to 75% of dogs and in 33% of cats with hepatic cancer. 
Despite the more common prevalence of biliary neoplasia in the 
cat, only 33% have hyperbilirubinemic. In dogs, hypercalcemia 
(implying lymphoma), hyperglobulinemia, and hypoglycemia 
are more common. Hypoglycemia may be a dominant marker 
of large tumor mass (metabolic consumption) or reflect para¬ 
neoplastic phenomena due to production of an insulin-like 
protein. 

reflect a negative acute phase response, catabolism and poor 
nutritional intake, or hepatic insufficiency. Increased serum 
pancreatic lipase (PL) activity was reported in dogs (n - 6) 
with either pancreatic or hepatic neoplasia. 57 It was proposed 
that some hepatic tumors produce PL. Alpha-fetoprotein 
(AFP), a glycoprotein produced by fetal, neoplastic, and regen¬ 
erating hepatocytes, may increase in dogs with hepatocellu¬ 
lar carcinoma, chronic hepatitis, or rapidly regenerating liver 

tissue. 58,59 

If ascites is present, fluid should be evaluated for protein, 
cell typers, # s, and morphology. Imaging remains the most 
valuable, noninvasive method for localizing hepatic mass 
lesions and for detecting of overt metastasis. Abdominal radio¬ 
graphy may show caudal and lateral displacement of the stom¬ 
ach Occasionally dystrophic mineralization of mass lesions or 


Hypoalbuminemia, more common in dogs, may 


54,55 
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and cats (56% to 88% and 67% to 78%, respectively). 
Surgical resection is more difficult than for HCC due to 

multifocal or diffuse extension and involvement of the porta 
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hepatis, Little information exists regarding adjunctive 
chemotherapy. In cats, surgical resection of biliary adenomas 
or myelolipomas may provide several years of tumor-free 
survival or cure. Despite the benign character of these tumors, 
removal is recommended because malignant transformation 
has been suggested. 4 ^ 

Postoperative adjunctive chemotherapy has been beneficial 
in inducing remission and prolonging survival in dogs with 
hepatic hemangiosarcoma. Surgery is indicated for removal of 
bleeding or Large resectable masses. Chemotherapeutic proto¬ 
cols include a combination of vincristine, doxorubicin, and 
cy d ophos p ha m ide. 

Hepatic carcinoids and lymphosarcomas in dogs have a 
high metastatic rate (86% to 93%). Carcinoids are a rare and 
aggressive neuroendocrine tumor. 35 - 37 - 43 

Hepatic tumors metastasize first to regional lymph nodes 
then lung, and peritoneum in the dog and peritoneum in 


the cat. Biliary tumors in the cat may extend into the pan¬ 
creas. Metastatic extension to brain, spinal cord, bone, kidney, 
adrenal gland, and spleen is less common in each species. 

Canine MCT involving the liver can be controlled with 
cyclophosphamide, vinblastine, and prednisone, 5070 Many 
protocols are recommended for control of lymphoma in dogs 
and cats; most include vincristine, cyclophosphamide, and 
prednisone, with variable combinations of L-asparaginase, 
methotrexate, and doxorubicin. 

Radiation therapy is not a feasible option for hepatic 
cancers, owing to the exquisite sensitivity of this organ to even 
low amounts of radiation, 71 Although liver transplantation, 
directed delivery of chemotherapeutic agents i intra-arterial 
chemotherapy), transactedal chemoembolization, and immuno- 
therapeutic regimes using a-FP as a tumor-specific antigen 
have been used in humans with HCC, these have not been 
explored in animals, 72 - 73 
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CHAPTER 


Diseases of the Gallbladder and Extrahepatic Biliary System 


Michael D. Willard 
Theresa W. Fossum 


ANATOMY 


PHYSIOLOGY 


Bile is formed by hepatocytes and discharged into the canali- 
culi lying between the hepatocytes. Canaliculi unite to form 
interlobular ducts, which ultimately merge to form lobar or 
bile ducts. The gallbladder plus the hepatic, cystic, and 
common bile ducts constitute the extrahepatic biliary system. 
Bile drains from the bile ducts into the cystic and common 
bde ducts and is stored and concentrated in the gallbladder 

(Figure 231-1), The gallbladder lies between the quadrate 

lobe of the liver medially and the right medial lobe laterally. 1 
It is a pear-shaped organ that, in a medium-sized dog, nor¬ 
mally holds approximately 15 mL of bile. The rounded end of 
the gallbladder is the fundus. Between the neck of the gall* 
bladder (i.e., the tapering end leading into the cystic duct) and 
the fundus is the body. 

The cystic duct extends from the neck of the gallbladder to 
the junction with the first tributary from the liver. 1 From this 
point to the opening of the biliary system into the duodenum, 
the duct is termed the common bile duct . The common bile 
duct runs through the lesser omentum for approximately 5 cm 
and enters the mesenteric wall of the duodenum. The canine 
common bile duct terminates in the duodenum near the open¬ 
ing of the minor pancreatic duct. This combined opening of 
the minor pancreatic duct and common bile duct is the maior 
duodena] papilla The feline common bile duct usually join- 
the major pancreatic duct before entering the duodenum. 1 


Bile primarily contains water, conjugated bile acids, bile 
pigments, cholesterol, and inorganic salts. Over 90% of bile 
salts are reabsorbed from the intestinal tract, transported back 
to the liver via the portal vein, and re-excreted (i.e., entero- 
hepatic circulation). Bilirubin and biliverdin produce the 
typical yellow color of bile. Bile is continually secreted into 
the gallbladder, where it is stored and modified. Gallbladder 
emptying is normally induced by neural (vagal parasympa- 
thetics) and humoral (cholecystokinin) stimuli. Parasympath¬ 
omimetic drugs and magnesium sulfate 2 cause gallbladder 
contraction, whereas anticholinergic drugs and somatostatin 
inhibit contraction. 1 


DIAGNOSTIC TOOLS FOR EVALUATING THE 
GALLBLADDER AND BILE DUCTS 


Icterus, vomiting, abdominal pain, and ascites are all consis¬ 
tent with biliary tract dysfunction. Complete blood count 
(CBC), serum biochemistry profile, and urinalysis are indi¬ 
cated if biliary tract dysfunction is suspected. The CBC incon¬ 
sistently reflects cholecystic inflammation. Increased alanine 
aminotransferase (ALT) is common if inflammation ascends 
into the hepatic parenchyma. Increased serum alkaline phos¬ 
phatase (SAP), with or without hyperbilirubinemia, is typical 
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Figure 231-2 Distention and convolution of the gallbladder 
body arrowheads) and neck (white arrowheads) in a cat 

with common bile duct obstruction, [Courtesy of Dr. L. Homco, 
Texas A&M University.) 
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Figure 231-4 Anatomy of the canine gallbladder. (From Evans 
HE, Christensen GO Miller's Anatomy of the Dog, 3rd ed. 

Philadelphia, WB Saunders Co, 1993, p 750.) 
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Gallstones are typically identified ultrasonographieally as 
hyperechoic foci or by the observation of acoustic shadowing 
originating from the gallbladder. 5 Sediment (sometimes 
referred to as sludge) is occasionally noted in the gallbladder, 
but its significance is uncertain* Supposedly, bile becomes 
progressively thicker as water is absorbed during biliary stasis. 

Soft tissue changes of the gallbladder (e.g., tumors, granu¬ 
lation tissue, congenital defects) may be seen ultra son ograph- 
ically. Cholecystitis may cause gallbladder wall thickening, 
edema, or both, which can produce a layered or"doub 1 e-w f aiT 
ultrasonographic appearance 5 ; however, one cannot reliably 
diagnose cholecystitis ultrasonographically. Finding a stellate 
or striated pattern within the gallbladder with immobile 

contents is suggestive of mucocele. 9 

Bile [for culture or cytologic examination) can be aspirated 
from the gallbladder by ultrasound-guided fine-needle aspira¬ 
tion using a 22- to 25-gauge needled 0 As much bile as possi¬ 
ble is withdrawn to lessen the likelihood of subsequent bile 
leakage into the abdomen. This procedure appears to be 
relatively safe, although vagal-induced severe bradycardia and 
other problems have occurred in people. 1 Aerobic and anaero¬ 
bic cultures of bile (and hepatic parenchyma) are recom¬ 
mended if bacterial cholecystitis is suspected. 

Laparoscopy or exploratory laparotomy should be performed 
in animals with suspected leakage of bile into the abdomen, 
as well as those with EH BO, neoplasia, parasites, stones, infil¬ 
trates, and other mass lesions of or within the biliary tract. 
Laparoscopy can be particularly valuable in helping the 
clinician decide if exploratory surgery is warranted. During 
exploration , patency of the common bile duct must be ensured 
by compressing the gallbladder or catheterizing the duct. 
Readers are referred to surgery' texts for detailed information 
regarding extrahepatic biliary tract surgery. 11 Nuclear scintig¬ 
raphy is rarely used to define canine or feline biliary disease, 
ow'ing to the need for specialized equipment and facilities. 


in extrahepatic biliary tract obstruction (EHBO) 3 and inflam¬ 
matory disease ascending from the biliary tract. Cats tend to 
have lesser elevations of SAP than dogs. 

Hypercholesterolemia may occur secondary to EHBO. 
Bilirubinuria occurs before hyperbilirubinemia. Imaging, sur¬ 
gery, or both are usually required to differentiate icterus due 
to hepatic disease versus biliary tract disease. 

Abdominal radiographs may reveal radiodense objects 
{e.g., gallstones) or air in the gallbladder. Animals with EHBO 
due to pancreatitis may have a soft tissue mass or poor serosal 
detail in the region of the pancreas. Contrast radiographs of 
the biliary tree are rarely useful, and endoscopic retrograde 
pancreatography is rarely performed in icteric animals. 

Ultrasonography is the most useful nonsurgical technique 
to distinguish hepatic parenchymal from biliary tract disease. 
It can identify abnormalities within the lumen of the gall¬ 
bladder (e.g., stones, tumors, flocculent material) and most 
biliary tract obstructions (Figure 231-2). 3 Finding ’sludge" is 
not informative because many normal dogs have this finding. 
Anorexic animals often have marked cholecystic enlargement, 
which can be misdiagnosed as obstruction. Dilatation of the 
gallbladder plus loss of the tapering of the gallbladder neck 
typically occur within 24 hours of ligation of the bile duct. 
This is followed by dilatation of the common duct at 48 hours 
and of the extrahepatic ducts at 72 hours. Similar changes 
occur in the intrahepatic bile ducts within 1 week, 5 The 
common bile duct is typically less than 3 mm in diameter in 
medium-sized dogs ti and less than 2,5 mm in cats. 3 One study 
found that 28 cats without EHBO had a common bile duct 
4 mm or less in diameter, w-hereas a common bile duct greater 
than 5 mm in diameter meant EHBO in six of seven cats, 7 
Distension of the gallbladder plus the common bile duct 
was the most common finding in 22 cats, 8 If the clinician is 
unsure whether EHBO is present after performing ultra¬ 
sonography, repeating the examination in 2 to 4 days or 
after inducing gallbladder contraction [e.g., feeding a high-fat 
meal) is often definitive. However, loss of elasticity of the 
bile ducts may occur as a result of aging, inflammation, or 
chronic obstruction (especially in cats), and some ducts 
never return to their original diameter after obstruction, 5 - 6 
Rarely, EHBO will not be diagnosed until laparoscopy or 
la pa rot orm 
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SPECIFIC PROBLEMS SEEN WITH GALLBLADDER 
AND BILIARY TRACT DISEASE 
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Vomiting, icterus, and anorexia are common in animals with 
inflammatory' or obstructive biliary tract disease. 1213 Fever 

and abdominal discomfort also occur, but not as consistently. 

often helpful for localizing the problem to ths 
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biliary tract. After hemolytic disease is eliminated, ultrasonog¬ 
raphy helps distinguish hepatic parenchymal from biliary tract 
disease. Ascites may occur owing to leakage of bile into the 
peritoneal cavity. Bilious effusions are obvious because the 
fluid looks like bile. If one is unsure whether abdominal fluid 
is bilious or bile stained, bilirubin concentrations in serum and 
in effusion should be compared. Bilious effusions have fluid 
bilirubin concentrations greater than serum concentrations. 
Acute abdomen (i,e. P shock, sepsis, pain due to abdominal 
disease) may he caused by leakage of bile into the peritoneal 
cavity, particularly if the bile is septic. Hematemesis is uncom¬ 
mon in animals with cholecystic disease, hut intracystic bleed¬ 
ing may allow blood to exit into the duodenum, where it is 
refluxed into the stomach and vomited. 


Nonobstructive Disease 

Cholecystitis (i,e., inflammation of the gallbladder) usually 
involves the associated bile ducts. It is typically due to a bac¬ 
terial infection caused by bacteria ascending from the intes¬ 
tine via the common bile duct or by hematogenous seeding, 
and it can often be cured with antibiotics. However, if chole¬ 
cystitis recurs repeatedly despite appropriate use of antibi¬ 
otics, cholecystectomy is usually curative. Cholecystitis may 
take one of several courses. 

Bacterial cholangitis and cholangiohepatitis occur if the 
infection ascends the biliary tree into the liver.This appears to 
be more common in cats than in dogs, but Shetland sheepdogs 
may have a higher than expected incidence. Any bacteria may 
be responsible- Escherichia coli seems especially common. 
These animals often present to veterinarians because of 
icterus, anorexia, vomiting, or a combination of these symp¬ 
toms. Fever is uncommon. Increased serum ALT, SAP, and 
bilirubin are typical, but neutrophilia is inconsistent. Imaging 
is seldom diagnostic but helps eliminate other diseases. Cats 
with a gallbladder wall greater than 1,0 mm thick typically 
have histologic abnormalities of the gallbladder, but cats with 
a less thick gallbladder wall may also have disease. 17 Fine 
needle aspirate of the gallbladder with subsequent cytology of 
bile may reveal bacteria (Figure 231-3). Hepatic biopsy with 
aerobic and anaerobic culture of bile and hepatic parenchyma 
is indicated. The prognosis is variable, but good results are 
expected when the correct antibiotics are prompdy adminis¬ 
tered. Enrofloxacin plus amoxicillin is reasonable until culture 
results are available. Vitamin should be administered if 
coagulopathy is suspected. 

Necrotizing cholecystitis occurs when a bacterial infection 
severely damages the gallbladder wall, sometimes rupturing it 
(Figure 231-4) and spilling bile into the abdomen.This 
usually causes generalized septic peritonitis. If the bile is 
inspissated, rupture causes spillage of a relatively thick, gelati¬ 
nous mass into the cranial abdomen, producing a localized 
peritonitis. These animals tend not to become as sick 
quickly as those with diffuse peritonitis. Sometimes pain can 
be localized to the anterior abdomen. If diagnosed before the 
gallbladder ruptures, signs are similar to those of localized 
peritonitis. Adhesions or fistulous tracts around the gallbladder 
occasionally occur. Diagnosis is usually made by ultrasonogra¬ 
phy or exploratory laparotomy. Surgical exploration should be 
performed once the animal is stable. Treatment consists of 
cholecystectomy, antibiotics, and appropriate therapy for 
peritonitis. Salvaging the gallbladder by dosing the defect is 
Inappropriate because the wall is typically necrotic and will 
dehisce. The common bile duct must not be ligated when the 


SPECIFIC DISEASES OF THE GALLBLADDER 


Obstructive Disease 

Pancreatic disease is the most common cause of canine 
EH BO, 3 whereas tumors and inflammatory disease of the bil¬ 
iary tract, pancreas, or both are the most common causes in 
eats.* Stones can cause EHBO, but they do so uncommonly. 14 
Therefore the prognosis for dogs with EHBO is generally 
much better than it is for cats. 


Pancreatitis may cause scar formation in or around the 
duct or compress the duct by inflamed tissue, abscesses, or 
cysts. Treatment of EHBO secondary to benign pancreatitis 
initially consists of medical management of the pancreatitis. If 
this is unsuccessful or if ascending bacterial infection is sus¬ 
pected, cholecystoduodenostomy or cholecystojejun ostomy 
may be considered but should generally be avoided unless 
absolutely necessary. In extremely ill animals with EHBO that 
cannot undergo surgical exploration, temporary decompres¬ 
sion of the gallbladder with a Foley catheter or a self-retaining 
accordion catheter may be warranted. 

Neoplasia (especially biliary tract or pancreatic adenocar¬ 
cinomas] may cause EHBO. Surgery for pancreatic neoplasia 
is generally unrewarding, because most such tumors 
malignant. Cholecystojejunostomy may be palliative if the 
intestinal lumen is patent. Pancreatic-duodenal resection (i.e., 
Billroth II) is possible; surgical cures are 
morbidity may be substantial. Biliary, intestinal, hepatic, or 
lymph node malignancy may also obstruct the bile ducts; 
biopsy is imperative to obtain a diagnosis. The prognosis is 
typically poor; however, chemotherapy benefits some animals 
with lymphosarcoma. 

Choleliths (see Nonobstructive Disease) that obstruct the 
common bile duct should be removed. Cholecystectomy is 
the treatment of choice when clinical signs are secondary to 
cholelithiasis, 13 If stones are present in the common bile duct, 
the duct can be catheterized via the duodenum and the stones 
flushed into the gallbladder. Alternatively, enlarged bile ducts 
can be incised (choledochotomy) and the stones removed; 
however, care is needed when dosing the common bile duct 
to avoid iatrogenic stricture formation. Much greater mortal¬ 
ity occurs in people with cholelithiasis when 
chotomy is performed versus cholecystectomy. 

A gallbladder mucocele is an abnormal accumulation of 
inspissated mucus that distends the gallbladder and often 
causes some degree of EHBO. 9 Affected dogs will usually be 
icteric and have abdominal pain plus increased ALT, SAP, or 
bilirubin. Mucoceles typically cause a striated or stellate 
appearance on ultrasound with immobile bile. Cocker spaniels 
might be over-represented. Infection sometimes occurs. Left 
untreated, necrosis of the gallbladder with subsequent rupture 

may occur. Cholecystectomy 
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Figure 231-3 Photomicrograph of bile obtained by cholecvstc 
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Figure 231^4 Photograph of a ruptured gallbladder that has 
been resected from a dog. Rupture was spontaneous and was due 
to necrotizing cholecystitis. Forceps are in the cystic duct. 


gallbladder is removed. The mortality rate was 39% in a study 
of 19 dogs with necrotizing cholecystitis; delayed diagnosis 
probably contributed to this high mortality® 8 

Emphysematous cholecystitis occurs when gas-forming 
bacteria infect the gallbladder and gas fills the lumen or 
invades the wall (tympanic and emphysematous cholecystitis, 
respectively). 1 ' 1 Once considered pathognomonic of diabetes 
mellitus, emphysematous cholecystitis can develop in any 
animal. Signs may be similar to those described for bacterial 
and necrotizing cholecystitis. Plain radiographs are diagnostic 
(Figure 231-5)* and treatment consists of antibiotics. Knowing 
that gas-forming bacteria e.g., E. coli f Clostridium perfringens) 
must be responsible helps guide antibiotic selection 
(e.g., enroll ox ad n plus amoxicillin), 

Choleliths are often fortuitous findings at necropsy or 
during imaging. 1 They often cause no problems (Figure 231-6); 
however, they may be associated with cholecystitis or rupture. 13 
If found in an animal with biliary tract disease, they should be 
removed. Although people commonly develop dietary-induced 
cholesterol gallstones, canine gallstones usually contain bilirubin, 
calcium, and mudn, 

Parasites of the gallbladder, bile ducts, or both are seldom 
diagnosed. Platynosomum fastosum (previously P. continuum) 
is a fluke principally found in animals from Florida, Hawaii, 
and the Caribbean. It typically infects cats that eat lizards 
or toads (i.e., a second intermediate host). The fluke may 


Figure 231-6 Lateral radiograph of a dog showing mineral 
densities in the region of the gallbladder (arrows). These were 
gallstones that were not causing clinical disease in this dog. 


ultimately he found in the gallbladder, bi!e ducts, or both, 
where it may be asymptomatic or cause fibrosis, obstruction, 
or both. Signs of infection can be similar to those of cholecys¬ 
titis. Diagnosis is by ultrasonography or by finding ova by fecal 
sedimentation examination (not fecal flotation), assuming that 
complete biliary tract obstruction does not occur. Therapy 
may be attempted with praziquantel (20 mg/kg subcuta- 
n eously, once a day for 3 days). Prognosis is uncertain, but severe 
hepatic disease warrants a guarded prognosis. 1 Amphinwrus 
pseudofelineus has also been associated with cholangitis, 
cholangiohepati tis, and distention of the feline common bile 
duct. 20 High-dose (40 mg/kg) praziquantel therapy adminis¬ 
tered orally once a day for 3 days reportedly eradicated the 
infection, Metorchis conjunctus and Eurytrema procyonis may 
also be found in the feline biliary tract. 

Neoplasia of the gallbladder or extrahepatic biliary tract is 
rare. Bile duct carcinomas have been reported in cats and dogs. 
Metastasis of bile duct carcinomas commonly occurs before 
clinical signs manifest; therefore surgery is rarely curative. 
Surgical therapy of cholecystic tumors may be curative if no 
metastasis exists. 

Congenital dilatation of intrahepatic and extrahepatic bile 
ducts may occur without obstruction in dogs with Caroli's 
disease. Affected animals are generally less than 3.5 years old 
and usually experience vomiting, polyuria, anorexia, ascites, 
and increased hepatic enzymes.Hie gallbladder and common 
bile duct are generally normal in size. Renal fibrosis and cystic 
changes are common in affected animals. 

Rupture of the Gallbladder or Extrahepatic 
Biliary Ducts 

Extrahepatic biliary duct or gallbladder rupture may be iatro¬ 
genic or associated with blunt abdominal trauma, cholecystitis, 
or obstruction secondary to stones, neoplasia, or parasites. 
Trauma usually causes rupture of the bile duct rather than the 
gallbladder. Ductal rupture probably occurs when a force is 
applied adjacent to the gallbladder sufficient to cause a shear¬ 
ing force on the duct. The most common site of ductal 
rupture appears to be the common bile duct just distal to the 
entrance of the last hepatic duct; however, rupture may occur 
in the distal common bile duct, cystic duct (rare), or hepatic 
ducts. Gallbladder rupture is more commonly associated with 
necrotizing cholecystitis or cholelithiasis, with or without 

obstruction of the common bite duct 1;; 
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Figure 231-5 Lateral radiograph of a dog showing a pear- 
shaped, air-filled structure [arrows). This is the gallbladder of a 
dog with emphysematous, tympanic cholecystitis, (Courtesy of 
Dr, Robert Toal, College of Veterinary Medicine, University of 

Tennessee 1 
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Early diagnosis of biliary tract rupture is imperative. 
Leakage of infected bile causes clinical signs of bile peritonitis 
to develop quickly. In a study of 24 dogs and two cats with 
biliary tract rupture, there was 54% mortality, w'hich was lim¬ 
ited to animals with infected bile, £, colt was the bacterium 
most commonly cultured from infected animals. 12 Ascites and 
icterus may be the only signs in dogs with sterile bile in the 
peritoneal cavity due to traumatic rupture; however, necrosis 
and changes in mucosal permeability secondary to the bile can 
allow secondary bacterial infection. 19 Delayed diagnosis of a 
ruptured biliary tract results in necrotic tissues and adhesions, 
which complicate surgical repair Diagnostic peritoneal lavage 
may assist in the early diagnosis of sterile bile peritonitis. 

Surgical treatment for a ruptured common bile duct 
involves repair of the duct or biliary diversion. Repair is often 
possible if the rupture is diagnosed early, but it becomes diffi¬ 
cult once adhesions develop. In such cases, cholecystojejunos¬ 
tomy is generally easier and safer. Ruptured hepatic ducts 


usually ligated. Gallbladder rupture should be treated by 
c ho I ecy stecto m y. 


Miscellaneous Findings 

Cystic mucinous hypertrophy is occasionally found in older 
animals, either at necropsy or during ultrasonography. It is not 
clearly associated with disease, although progestational drugs 
may produce it, 1 Unless evidence of significant gallbladder 
dysfunction exists, this lesion does not warrant further evalu¬ 
ation, Congenital defects of the gallbladder are occasionally 
observed. Bifid gallbladders have been reported in cats, 
although their significance is unknown, Nonbiliary tract disor¬ 
ders may also produce cholecystic lesions. Gallbladder edema 
is reportedly common in infectious canine hepatitis. In other 
diseases, however, gallbladder lesions are seldom significant. 
Even in canine salmonellosis, the gallbladder is rarely impor¬ 
tant as a reservoir of infection. 
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CHAPTER 


Canine Exocrine Pancreatic Disease 


Dovid A. Williams 

Jorg M. Steiner 


xocrine pancreatic disease occurs commonly in dogs. 
Pancreatitis is by far the most common disorder, 
followed by pancreatic adenocarcinoma, 


pseudocyst, and pancreatic abscess, 1 Classification based 
cause is desirable but unfortunately cannot be achieved in 
most cases. 

Numerous experimental procedures including hyperstim¬ 
ulation by administration of caerulein, carbamylcholine, or 
scorpion venom; obstruction of the pancreatic duct; intraduc¬ 
tal injection of bile, fatty acids, or enzymes; pancreatic 
ischemia; and certain dietary manipulations all induce pancre¬ 
atitis in dogs.- Some of these factors may also play a role in the 
development of spontaneous pancreatitis, 2 3 Ultimately, pan¬ 
creatitis develops as a consequence of autodigestion of the 
pancreas resulting from premature zymogen activation within 
acinar cells. An early event in many experimental models of 
pancreatitis is abnormal fusion of lysosomes and zymogen 
granules (Figure 232-1). Lysosomal proteases, such as cathep- 
sin B, are capable of activating trypsinogen, and the low pH in 
the fusion vacuoles also favors trypsinogen activation. 

Several mechanisms are in place that prevent autodigestion 
of the pancreas by the enzymes it secretes. First, proteolytic 
and phospholipolytic enzymes are synthesized, stored, and 
secreted in the form of catalytically inactive zymogens. These 
zymogens are activated by enzymatic cleavage of a small pep- 

the activation peptide—-from the amino-terminal of the 
polypeptide chain. 2 Enzymes from several sources, including 
some lysosomal proteases, are capable of activating pancreatic 
zymogens, but ordinarily activation of zymogens does not 
occur until they are secreted into the small intestine. The 
enzyme enteropeptidase, which is synthesized by duodenal 
enterocytes, is particularly effective at cleaving the activation 
peptide from trypsinogen and plnv 


E 


on 


exocrine 

pancreatic insufficiency (see Chapter 234), and other less 
commonly observed conditions. 


PANCREATITIS 


Classification of inflammatory disease of the 


pancreas in 

human beings has been standardized and simplified during the 
last two decades; however, the same is not true in veterinary 
medicine, and different authors classify pancreatitis differ¬ 
ently The following classification is based on 
rently used in humans. 1 Acute pancreatitis refers to pancreatic 
inflammation that, after removal of the inciting cause, is com¬ 
pletely reversible, 1 Chronic pancreatitis, on the other hand, is 
a long-standing inflammation of pancreatic tissue associated 
with irreversible histopathologic changes, most importantly 
fibrosis and atrophy. 1 Acute and chronic pancreatitis cannot 
be differentiated clinically and can be mild or severe; however, 
chronic cases are more commonly mild and acute cases more 
commonly severe. Although mild pancreatitis is associated 
with few systemic effects, minimal pancreatic necrosis, and a 
low mortality, severe pancreatitis is characterized by extensive 
pancreatic necrosis, multiple organ involvement, and a poor 
prognosis. 1 Another classification parameter is the presence 
absence of pancreatic complications, such as acute fluid 
mulations around the inflamed pancreas (previously also 
known as pancreatic phlegmon), infected 
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Once intracellular and intraductal activation of trypsino- 
gen to trypsin takes place, further activation of all zymogens 
(particularly proelastase and pro phospholipase) will amplify 
pancreatic damage. Activation of progressively larger amounts 
ol protease and phospholipase within the gland is associated 
with progression of mild edematous pancreatitis to hemor¬ 
rhagic or necrotic pancreatitis with multisystem involvement 
and consumption of plasma protease inhibitors, 2 * 4 

Plasma protease inhibitors (see Table 232-1), particularly 
a-macro globulins, are vital in protecting against the otherwise 
fatal effects of proteolytic enzymes in the vascular space. 24 
Dogs die rapidly from acute disseminated intravascular coag¬ 
ulation (DIG) and shock once a-macroglobulin is depleted, 
because free proteases concurrently activate the kinin, coagu¬ 
lation, fibrinolytic, and complement systems. 2 - 4 Binding of 
proteases by ct-macroglobulin results in a conformational 
change that allows the complex to be rapidly cleared from the 
plasma by the reticuloendothelial system (RES).This removal 
of o macro globulin-bound proteases by the RES is important 
because proteases bound to ct-macroglobulin retain catalytic 
activity, particularly against low molecular weight substrates. 

The primary function of ct] -proteinase inhibitor (a r PI) 
is to inhibit neutrophil elastase during inflammation (see 
Table 232-1). Although pancreatic proteases do bind to ot|-PI 
and are effectively inhibited, the binding is reversible and the 
availability of CtpPI during pancreatitis is not life saving. 2 
Alpha j-PI probably serves as a transient inhibitor and inter¬ 
mediary in the transport of proteases to ct-macroglobulin, par¬ 
ticularly in the extravascular space, into which the large 
a-macroglobulin molecules cannot permeate. 

Once enzyme activation is initiated, numerous inflamma¬ 
tory mediators and free radicals are important in the progres¬ 
sion of pancreatitis; 4 5 These mediators are mostly released 
from neutrophils and macrophages and include tumor necro¬ 
sis factor-a (TNF-a), interleukin-1 (IL-1), IL-2, IL-6, IL-8, 
IL-10, interferon-ot (INF-ot), lNF-y, nitric oxide (NO), and 
platelet activating factor (PAF), 5 

Cause 

The inciting cause of pancreatitis in the dog is usually 
unknown, but the following potential causes and risk factors 
should be considered. 2 It has been suggested that pancreatitis 
is more prevalent in obese animals, 2 and it has been shown 
that the disease is less severe when induced in lean dogs, 2 
Evidence also shows that a low-protein high-fat diet induces 
pancreatitis, and that pancreatitis is more severe when 
induced in dogs being fed a high-fat diet, 2 

Hyperlipidemia, often grossly apparent, is common in dogs 
with acute pancreatitis, and may develop as a result of abdomi¬ 
nal fat necrosis or may be a cause of the disease in some cases. 
Some familial hyperlipidemias in human beings are associated 
with frequent episodes of pancreatitis that respond to control of 
serum triglyceride concentrations. It is widely believed that 
the high prevalence of pancreatitis observed in Miniature 
Schnauzers may be related to idiopathic hyperlipidemia. 2 

Hereditary pancreatitis is we 11-documented in human 

beings. Several mutations of the cationic trypsinogen gene 
(and some other genes) have been identified, the most preva¬ 
lent being replacement of the arginine in position 117 with a 
histidine (R117H) or replacement of the asparagine in posi¬ 
tion 21 with isoleucine (N21I). e The two mutations men¬ 
tioned lead to conformational changes that protect trypsin 
from autodigestion. As a consequence, prematurely activated 
try psin persists and can trigger activation of other zymogens.® 
The high prevalence of pancreatitis in the Miniature 
Schnauzer suggests a possible hereditary component; however 
a recent study failed to identify' any mutations in the cationic 
trypsinogen gene in this breed. 
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Figure 232-1 Normal (A) and abnormal (B) intracellular rout¬ 
ing of digestive and lysosomal enzymes by the pancreatic acinar 
cell. The abnormal intracellular routing of digestive enzymes during 
pancrea titis results in mixing of zymogens and lysosomal proteases 
in intracellular vacuoles. Subsequent activation of zymogens by 
lysosomal proteases is considered to initiate the development of 
pancreatitis. 


activation of digestive enzymes. 2 Active trypsin subsequently 
cleaves the activation peptide from other digestive zymogens. 
During synthesis, processing, storage, and secretion, digestive 
enzymes are strictly segregated from other, potentially dam¬ 
aging, cellular enzymes, such as lysosomal enzymes. 2 Should 
spontaneous intrapanereatic activation of trypsinogen occur, 
at least two mechanisms help to limit activation of other 
zymogens. Trypsin is quite effective at hydrolysing itself, so 
that activation of small amounts of trypsin tends not to be 
catastrophic. However, should significant activation occur, 
acinar cells contain a specific trypsin inhibitor—pancreatic 
secretory- trypsin inhibitor (PSTI)—that is synthesized, segre¬ 
gated, stored, and secreted along with the digestive enzymes 

(Table 232-1). 2 PSTI is believed to inhibit trypsin activity 

should there be significant activation of trypsinogen w'ithin 
the acinar cell or duct system. 2 However, this mechanism fails 
at the low pH in the fusion vacuoles. 
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Table 


Major Protease Inhibitors in Canine Pancreas and Plasma 


PANCREATIC SECRETORY 
TRYPSIN INHIBITOR 
(PSTI) 


a r PROTEINASE 
INHIBITOR 

(a,-A NTITRYP SIN) (a^Pt) 


MAC ROC LO BOLINS 

(a-M, AND a-Mj) 


INHIBITOR 


Principal locations 
Approximate molecular weight 

Specificity 


Pancreas, pancreatic juice 
6000 

Trypsin only 


Plasma, intercellular space 
55,000 

Broad spectrum (serine 
proteases) 

Transient (transfers 
enzyme to a-M) 

Readily diffusible 

inhibitor present in the 
intercellular space 


Plasma 

790,000 

Broad spectrum (serine 
and other proteoses) 
Irreversible (permanent 
trap for captured enzyme) 
Traps proteases prior to 

removal by reticuloendothelial 
system (RES) 


Inhibition 


Temporary {slowly 
degraded by trypsin) 

Inhibits intrapancreatic 

□utoactivation of trypsin 


Function 


More than 50 drugs and drug classes have been implicated 
as a cause of pancreatitis in human beings, although absolute 
proof of a causal relationship is often lacking. 7 Suspect drugs 
that are also commonly used in veterinary medicine include 
L asparaginase, azathioprine, estrogen, furosemide, potassium 
bromide, salicylates, sulfonamides, tetracyclines, thiazide 
diuretics, and vinca alkaloids, 2 3 Corticosteroids have recently 
been removed from the list of drugs that may induce pancre¬ 
atitis in human beings. There is little credible evidence that 
glucocorticoid administration causes pancreatitis in dogs with 
the possible exception of the use of high doses in association 
with spinal trauma (e.g., surgical intervention for interverte¬ 
bral disc disease) . Nonetheless, it is probably wise to discon¬ 
tinue the use of any drug in patients with pancreatitis of 
undetermined cause unless a specific indication for continued 
use exists and no alternatives are available. 

Administration of cholinesterase inhibitor insecticides and 
cholinergic agonists has been associated with the develop¬ 
ment of pancreatitis, probably by causing hyperstimulation. 2 
Scorpion stings cause pancreatitis in human beings in 
Trinidad, and experimental administration of scorpion 
to dogs also elicits pancreatitis. Zinc toxicosis has also been 
reported to cause pancreatitis in the dog. Also, both spon¬ 
taneous or iatrogenic hypercalcemia may cause pancreatitis 
in dogs. 2 

Experimental obstruction of the pancreatic ducts produces 
atrophy and fibrosis, although inflammation and edema may 
also develop when pancreatic secretion is stimulated.^ Clinical 
conditions that may lead to partial or complete obstruction of 
the pancreatic ducts include biliary calculi, sphincter spasm, 
edema of the duct or duodenal waif neoplastic conditions, 
parasites, trauma, and surgical interference. Biliary calculi are 
a major cause of pancreatitis in man, but this has not been 
reported in dogs, presumably because of the lo w prevalence of 
biliary stones in this species and because dogs have 
sory pancreatic duct that does not communicate with the 
common bile duct and serves as the main pancreatic duct, 10 
Congenital anomalies of the pancreatic duct system may 
predispose to pancreatitis in man, and similar mechanisms 
may occur in the dog but have not been documented 

Reflux of duodenal juice into the pancreatic ducts 
ondary to surgical creation of a closed duodenal loop causes 
severe acute pancreatitis. Under normal circumstances such 
reflux is unlikely to occur because the duct opening is 
surrounded by a specialized compact smooth mucosa over th< 
duodenal papilla and is equipped with an independent 


sphincter muscle; however, this antireflux mechanism may 
sometimes fail owing to an abnormally high duodenal pres¬ 
sure, such as may occur during vomiting or after blunt trauma 
to the abdominal cavity 

Surgical manipulation and blunt abdominal trauma are 
also potential causes of pancreatitis, but reports of pancreatitis 
after such insults are rare. 2 Pancreatitis after pancreatic biopsy 
is extremely rare, and is also uncommon after resection of 
pancreatic neoplasms, 2 

Experimental and clinical reports have indicated that 
ischemia is important in the pathogenesis of acute pancreatitis, 
either as a primary cause or as an exacerbating influence. 
Pancreatic ischemia may develop during shock, secondary to 
hypotension during general anesthesia, or during temporary 
occlusion of venous outflow during surgical manipulation in 
the anterior abdomen, in some cases this may explain some 
instances of postoperative pancreatitis when areas remote 
from the pancreas have undergone surgery. 

Viral, mycoplasmal, and parasitic infections may be associ¬ 
ated with pancreatitis, although this is usually recognized as 
part of a more generalized disease process, 2 Recently, pancre¬ 
atitis has been recognized as a potential complication of 
babesiosis. 11 It is unknown whether bacterial infection plays 
a role in the development of pancreatitis in some cases, but 
concomitant bacterial infection does increase the severity of 
experimental pancreatitis. 2 Pancreatitis may occur in associa¬ 
tion with end-stage renal failure, but this is rare. It is likely 
that renal failure secondary to acute pancreatitis is encoun¬ 
tered more frequently. 2 Finally, autoimmune mechanisms 
have been incriminated in a small subset of human patients 
with pancreatic inflammation that responds to glucocorticoid 
therapy. 12 


ve n o m 


DIAGNOSIS 


History and Clinical Signs 

Although dogs of any age and body condition may develop 
pancreatitis, affected animals are usually middle aged or older 

and are often overweight. Dogs with acute pancreatitis are 
usually presented because of vomiting, weakness, abdominal 
pain, depression, or diarrhea. 13 Severe acute disease may be 
associated with shock and collapse. Some dogs demonstrate 
abdominal pain by assuming a "prayer'' position, with the 
forelimbs stretched out. the sternum on the ground, and 
the hindlimbs raised. Signs ol pain may also be elicited by 
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abdominal palpation, although some animals do not react 
even though they have severe acute pancreatitis. Abdominal 
pain is the most consistent clinical sign in human patients, 
being reported in more than 90% of cases. By comparison a 
study in dogs reported abdominal pain in only 59% of cases. 13 
This probably reflects failure to detect abdominal pain rather 
than its absence. An anterior abdominal mass is palpable in 
some cases, and occasionally mild ascites occur. Dogs with 
severe disease are often dehydrated and may be febrile. 
Uncommon systemic complications of pancreatitis that may 
be apparent on physical examination include jaundice, respi¬ 
ratory distress, bleeding disorders, and cardiac arrhythmias. 2 In 
some patients the onset of signs may have followed ingestion 
of a large amount of fatty food. 0 

The clinical signs of mild, acute, and chronic pancreatitis 
in dogs are poorly documented but are probably extremely vari¬ 
able and nonspecific. The disease may not be clinically apparent 
at all. As a consequence, mild disease remains undiagnosed in 
the vast majority of cases. 


A 


B 


Diagnostic Imaging 

Radiographic findings in dogs with pancreatitis include an 
increased density, diminished contrast [ground glass appear¬ 
ance), and granularity in the right cranial abdomen, displace¬ 
ment of the stomach to the left, widening of the angle between 
the pyloric antrum and the proximal duodenum, displacement 
of the descending duodenum to the right, presence of a 
mass medial to the descending duodenum, static gas pattern in 
or thickened walls of the descending duodenum, static gas 
pattern in or caudal displacement of the transverse colon, gas¬ 
tric distension suggestive of gastric oudet obstruction, and 
delayed passage of barium through the stomach and duode¬ 
num with corrugation of the duodenal wall. Unfortunately 
these findings are subjective, and definitive radiographic evidence 
of pancreatitis is usually not present. However, abdominal radio¬ 
graphs may provide evidence to rule in or rule out alternative 


Figure 232-2 Ultrasonographic scans of the cranial abdomen in 
two dogs. The dog in panel A had severe pancreatitis. The duo¬ 
denum can be seen in the upper right hand comer (D). The pan¬ 
creas can be seen as an irregular mixed echoic structure (F). The 
dark areas within the pancreas represent areas of pancreatic necro¬ 
sis. The hyperechoic area right below the mixed echoic structure 
represents peri pancreatic fat necrosis (F). The hypoechoic area 
below the peripancreatic fat suggests peritoneal effusion (F). The 
changes seen here are highly specific for acute pancreatitis. The dog 
shown in panel E had a pancreatic abscess. A large uniformly 
hypoechoic structure exists that suggests a fluid-filled mass. Such 
a flu id-filled mass could represent a pancreatic pseudocyst or a 

pancreatic abscess and was diagnosed as a pancreatic abscess in this 
patient. (Images courtesy of Dr, Sharon Shull,) 


diagnoses. 


Abdominal ultrasonography is highly specific for pancreati¬ 
tis when stringent criteria are applied, with a sensitivity of up 
to approximately 70% in dogs and 30% in cats. 13 Enlargement 
of the gland, localized peritoneal effusion, or both are not 
sufficient for a diagnosis. Changes in echogenicity are quite 
useful, A decrease in echogenicity indicates pancreatic necro¬ 
sis, which is often associated with hyperechogenicity in the 
peripancreatic region (Figure 232-2), Hyperechogenicity of 
the pancreatic parenchyma itself indicates pancreatic fibrosis 
and can be seen in cases of chronic pancreatitis. Pancreatic 
duct dilation also has been reported in cats. 2 ' 3 Serial examina¬ 
tions are particularly useful for identification and management 
of pancreatic complications such as pancreatic pseudocyst 
or abscess. 


flow, or both. Hyperglycemia is common as a result of hyper- 

glucagonemia, stress-related increases in the concentrations of 
catecholamines and cortisol, or destruction of islet cells by 
pancreatic inflammation. Some dogs remain diabetic after 
recovery from acute episodes of pancreatitis, 2 Hypocalcemia 

has often been reported, usually secondary to hypoalbuminemia 
but is usually mild to moderate and rarely associated with 
clinical signs of tetany. 2 3 Hypocalcemia can also be due to 
deposition of calcium as soaps after excessive generation of 
fatty acids by the breakdown of fat. Hypercholesterolemia and 
hypertriglyceridemia are common, and hyperlipemia is often 
grossly apparent even though food has not been ingested 
recently. Hyperlipidemia may prevent accurate determination 
of some serum biochemical values, 2 

Assays for several pancreatic enzymes and zymogens in 
serum have been evaluated for the diagnosis of canine pan¬ 
creatitis, including amylase and lipase activities, serum 
trypsin-like immunoreactivity (cTLI), pancreatic lipase 
immune re activity (cPLl), trypsin-a j-proteinase inhibitor com¬ 
plexes, and serum and urinary tripsinogen activation peptide 

(TAP). 2 - 3 ' 16 

Serum amylase and lipase activities have been used to 
diagnose canine pancreatitis for several decades, but both 
have been repeatedly shown to lack sensitivity and speci¬ 
ficity. 10 In general, approximately 50% of patients with an ele¬ 
vated serum amylase activity, lipase activity or both do not 


Computed tomography (CT) is the most useful modality 
for visualizing the pancreas and for identifying pancreatic 
necrosis in human patients, but financial considerations and 
the much smaller size of the pancreas will likely limit its use¬ 
fulness in the dog. 


Clinical Pathology 

Leukocytosis, often associated with a left shift, is a common 
hematologic finding in acute pancreatitis. The packed cell 
volume (PCV) may be increased as a result of dehydration, 

but anemia is also frequently observed. 2 ' 3 ' 13 Azotemia is often 
present, usually reflecting dehydration, but it may also reflect 
secondary acute renal failure. 14 Activities of hepatic enzymes 
are often increased, reflecting either hepatic ischemia or expo¬ 
sure of the liver to high concentrations of toxic products from 
the pancreas. 215 Hyperbilirubinemia and clinically apparent 
icterus may occur, possibly indicating severe hepatocellular 
damage, intrahepatic and extra}) epatic obstruction of bile 
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have pancreatitis. Trypsin complexed with plasma ~ 
proteinase inhibitor and TAP in plasma or urine should act as 
specific markers for pancreatitis, 36 However, a recent study 
found urinary TAP concentration to be very insensitive 
though it was highly specific. 16 Plasma TAP concentration 
slightly more sensitive but also had a lower specificity of 
77%. 16 Taking into consideration the cost of the assay, the 
limited availability of laboratories providing the assay and 
the lack of stability of TAP, this assay is of little clinical 
fulness for the diagnosis of canine pancreatitis, A recently 
developed assay for serum trypsin-a r proteinase inhibitor 
complex concentrations did not prove to be useful for the 
diagnosis of spontaneous pancreatitis in the dog. Serum cTLl 
concentration is specific for exocrine pancreatic function and 
is the test of choice for EP1, but its short half life renders it 
fairly insensitive for the diagnosis of canine pancreatitis. 

Serum cPLI concentration is highly specific for 
pancreatic function and appears to be a useful marker for pan¬ 
creatic inflammation. In a recent study of 11 dogs with 
biopsy-confirmed pancreatitis, all 11 dogs had serum cPLI 
concentrations above the upper limit of the reference range, 
and nine of 11 dogs [82%) had concentrations above a cutoff 
value of 200 pg/L. 1H Serum cPLI is not elevated in dogs with 
gastritis and experimentally induced chronic renal failure; it is 

also not affected by administration of prednisone. Thus 
cPLf is the most sensitive (Figure 232-3) and specific diag¬ 
nostic test for canine pancreatitis currently available. 

Pancreatic biopsy obtained by exploratory laparotomy 
laparoscopy is often considered the gold standard for diagnos¬ 
ing canine pancreatitis, but it has limitations. In a recent study, 
less than 10% of dogs with pancreatitis showed gross 
anatomic evidence of pancreatitis. In addition, histologic 
examination often reveals the distribution of pancreatitis to 
be patchy and highly localized. Thus although the presence of 
pancreatic inflammation, necrosis, or both can be considered 
definitive evidence for pancreatitis, a lack of such findings 
(even if multiple biopsies are evaluated) does not definitively 
exclude pancreatitis. Moreover, the risk of anesthesia may be 
elevated in patients with pancreatitis, making the collection of 
a biopsy potentially detrimental in such cases. 


TREATMENT 


«r 


The classic therapy for acute pancreatitis is maintenance of 
fluid and electrolyte balance while the pancreas is "rested" by 
withholding food,- Recent reports have challenged the logic 
and wisdom of withholding food, however, and both parenteral 
and enteral nutrition have been well tolerated by patients with 
pancreatitis, 19 Evidence also indicates that enteral nutrition 
may be superior to parenteral nutrition. Oral intake should 
probably be restricted only in those patients with incessant 
vomiting, and then for as short a period as possible. 

If drug-induced pancreatitis is suspected, any incriminated 
agents should be withdrawn and replaced by an unrelated 
alternative drug, if necessary. Other potential causative factors 
I see previous discussion) should similarly be investigated and, 
if possible, eliminated. Balanced electrolyte solution should be 
given intravenously to replace fluid deficits and provide main¬ 
tenance requirements. Mild cases of pancreatitis are probably 
self-limiting and may improve without therapy. Other 
patients require aggressive fluid therapy over several days to 
treat severe dehydration and ongoing fluid and electrolyte loss 
due to vomiting. Many animals become hypokalemic during 
such therapy, and serum potassium should be monitored and 
supplemented pa rente rally if required. Serum creatinine and 
blood urea nitrogen (BUN) should also be monitored to docu¬ 
ment resolution of azotemia, thereby ruling out associated renal 
failure. Although metabolic acidosis is probably 
acute pancreatitis, this may not always be the case, and vom¬ 
iting patients may be alkalotic. Therefore blind correction of 
suspected acid-base abnormalities should not be attempted, 2 
It is common practice to administer antibiotics to dogs with 
pancreatitis, particularly when toxic changes are evident on 
the hemogram or when the patient is febrile. Antibiotic ther¬ 
apy appears to be beneficial in human patients and in some 
experimental models of pancreatitis; in contrast to humans, 
dogs with pancreatitis rarely have infectious complications, 
and antibiotic therapy would appear to be of minimal benefit. 
However, for cases where good evidence for pancreatic infec¬ 
tion exists, it should be noted that trimethoprim sulfa and 
enrofloxacin penetrate well into the exocrine pancreas in dogs. 
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Figure 232-3 This figure shows a 
comparison of the sensitivity for differ¬ 
ent diagnostic modalities for a diagnosis 
of canine pancreatitis. The reader should 
note that serum cTLI concentration, 
abdominal ultrasound, and serum cPLI 
concentration have a high specificity 
for canine pancreatitis, whereas only 
approximately 50% of dogs with an 
elevated serum lipase activity have 
pancreatitis. 1318 
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Analgesic therapy (subcutaneous meperidine hydrochlo¬ 
ride, transdermal fentanyl, morphine by constant rate intra¬ 
venous infusion, or intraperitoneal lidocaine) should be given 
to provide relief of pain, even if obvious signs of pain are not 
apparent, 20 Hyperglycemia is often mild and transient, but in 
some cases diabetes mellitus may develop, requiring treatment 
with insulin. Respiratory distress, neurologic problems, cardio¬ 
vascular abnormalities, bleeding disorders, and acute renal fail¬ 
ure are all poor prognostic indicators. Attempts should be made 
to manage these complications by appropriate supportive 
measures. 

Some affected animals do not improve or continue to dete¬ 
riorate in spite of intensive supportive care. Evidence indicates 
that, in severe pancreatitis, marked consumption of plasma 
protease inhibitors occurs and that saturation of a% r ailable 
a-macroglobulins is rapidly followed by acute DIC, shock, and 
death, 21 Transfusion of plasma or whole blood to replace 
a-macroglobulins may be life saving in these circumstances, and 
it has the additional benefit of maintaining plasma albumin 
concentrations. 22 Low-molecular-weight dextrans have also 
been used to expand plasma volume, but they may aggravate 
bleeding tendencies, contain no protease inhibitor, and pro¬ 
vide no major advantages over plasma administration,The use 
of corticosteroids in pancreatitis has been recommended by 
some because they stabilize lysosomal membranes, reduce 
inflammation, and alleviate shock, but they have not been 
shown to be of value in experimental studies. 2 Unless autoim¬ 
mune pancreatitis is suspected, they should be given only on 
a short-term basis to animals in shock. Attempts to rest the 
pancreas by use of direct inhibitors of secretion such as 
atropine, acetazolamide, glucagon, calcitonin, and somato¬ 
statin or its analogues have not proved effective. Recent data 
have suggested that somatostatin may even have detrimental 
effects in experimental pancreatitis, and its use cannot be rec¬ 
ommended, Administration of a variety of naturally occurring 
and synthetic enzyme inhibitors with selective actions against 
individual pancreatic digestive enzymes has shown promise in 
experimental studies, but these agents have not been shown 
to be beneficial in human patients with pancreatitis. 
Inhibition of gastric secretion by use of antacids or cimetidine 
and suctioning off gastric secretions have been used in an 
attempt to inhibit pancreatic secretion, however, none of 
these methods has been consistently shown to be effective. In 
one study the use of sodium selenite as an antioxidant was 
reported to lead to a significant decrease in mortality in dogs 
with pancreatitis. This study was not controlled, and con¬ 
trolled studies in human patients w T ith pancreatitis failed to 
show any clinical benefit. The use of peritoneal dialysis to 
remove toxic material accumulated in the peritoneal cavity is 
believed by some to be useful in human patients with pan¬ 
creatitis, but it has not been shown reproductive tv to be useful 
and is rather impractical in canine patients with pancreatitis. 
In some cases pancreatitis may be localized to one lobe of the 
gland, and surgical resection of the affected area may be fol¬ 
lowed by complete recovery. Future clinical and experimental 
trials will probably be directed at the use of agents to modify 
events currently believed to be important in the pathogenesis 
of pancreatitis, including inhibitors of inflammatory media¬ 
tors, free-radical scavengers, enzyme synthesis and transport 
inhibitors, and factors that may stabilize lysosomal and other 
cell compartment membranes. 5 

After vomiting has subsided, small amounts of water 
should be offered; if no exacerbation of clinical signs occurs, 
food may be gradually reintroduced. The diet should prefer¬ 
ably have a high carbohydrate content (rice, pasta, potatoes) 
because protein and fat are more potent stimulants of pan¬ 
creatic secretion and are perhaps more likely to promote 
a relapse. If improvement continues, gradual introduction of 
a low-fat maintenance diet should he attempted 11 


In many patients with a single episode of pancreatitis, the 
only long-term therapy recommended is to avoid feeding 
high-fat meals, in patients with repeated bouts of pancreatitis 
occur, and it may be beneficial to feed a fat-restricted diet per¬ 
manently. In some patients, hypertriglyceridemia may need to 
be controlled pharmacologically. Despite all efforts, some ani¬ 
mals experience recurrent disease. 23 

Some reports have indicated that oral pancreatic enzyme 
supplements decrease abdominal pain and discomfort that 
accompanies chronic pancreatitis in humans. It is unknown 
whether they are of similar value in dogs, but a trial period of 
enzyme therapy may be warranted in dogs with chronic signs 
of abdominal pain or anorexia. 


PROGNOSIS 


Pancreatitis is an unpredictable disease of widely varying 
severity, and it is difficult to give a prognosis. Life-threatening 
signs accompanying acute fulminating pancreatitis are usually 
followed by death in spite of supportive measures, but some 
dogs recover fully after an isolated severe episode. In other 
cases relatively mild or moderate chronic or recurrent pancre¬ 
atitis persists despite all therapy, and the patient either dies 
during an acute severe exacerbation of the disease or under¬ 
goes euthanasia because of failure to recover and the expense 
of long-term supportive care. Most patients with uncompli¬ 
cated pancreatitis probably recover spontaneously and do w + ell 
as long as high-fat diets are avoided. 


pancreatic pseudocyst 


A pancreatic pseudocyst is a collection of sterile pancreatic 
juice, enclosed by a wall of fibrous or granulation tissue and 
occurs as a complication of pancreatitis. 1 Recently, several 
cases of pancreatic pseudocysts in dogs have been described. 24 
Clinical signs are usually nonspecific and mimic those of pan¬ 
creatitis, On abdominal ultrasound a cystic structure in close 

proximity to the pancreas can be identified. Aspiration of the 
pseudocyst is relatively safe and should be attempted for diag¬ 
nostic and therapeutic purposes. 24 In contrast to fluid from 
a pancreatic abscess, the drained fluid from a pancreatic pseu¬ 
docyst should be of low cellularity and should not contain any 
evidence of inflammation. Pancreatic pseudocysts can be 
treated medically or surgically, Surgical correction can involve 
extirpation of the pseudocyst, external drainage, or internal 
drainage, but Internal drainage is the preferred treatment in 
human patients. Medical management of pancreatic pseudo¬ 
cysts involves ultrasound-guided percutaneous aspiration and 
close monitoring of the size of the pseudocyst. This approach 
was successful in several cases described in the human medical 
literature. 24 However, surgical intervention should be consid¬ 
ered in cases in which clinical signs persist or when the size of 
the pseudocyst does not decrease significantly over time. 


PANCREATIC ABSCESS 


m 


A pancreatic abscess is another possible complication of pan¬ 
creatitis. 1 A pancreatic abscess is a circumscribed collection of 
pus, usually in proximity to the pancreas, containing little or 
no pancreatic necrosis. 3 In dogs, bacterial infection is only 
rarely present, 2526 Clinical signs are nonspecific, but may 
include vomiting, depression, abdominal pain, anorexia, fever, 
diarrhea, and dehydration. In some patients a mass in the cranial 
abdomen can be identified upon abdominal palpation. 25 
Common dinicopathologic findings are neutrophilia with a left 
shift, elevation of serum amylase and lipase activities. 
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elevations of hepatic enzyme activities, and hyperbiliru¬ 
binemia. 25 26 Surgical drainage and aggressive antimicrobial 
therapy are the treatment of choice in human patients with 
pancreatic abscess. Dogs may also respond favorably to surgi¬ 
cal drainage. 25 However, in one report only five of nine 
patients survived the immediate postsurgical period* 26 Thus 
given the mixed results, risks, difficulties, and expenses 
ated with anesthesia, surgery, and postoperative care, one may 
want to avoid surgical intervention unless clear evidence exists 
of an enlarging mass, sepsis, or both in a patient that is not 
responding well to medical therapy Antimicrobial therapy in 
dogs is of questionable value unless an organism is identified 
upon bacterial culture. 


Radiographic findings are also nonspecific in most cases. 
Abnormal findings include decreased contrast in the cranial 
abdomen, suggesting peritoneal effusion into this area, transpo¬ 
sition of the spleen caudally, and shadowing in the pyloric 
region. In some cases abdominal radiographs can suggest the 
presence of a mass in the cranial abdomen. 27 In most cases a soft 
tissue mass can be identified by abdominal ultrasonography in 
the region of the pancreas. 27 2a However, in many if not most 
cases, the pancreatic origin of the mass cannot be conclusively 
established. 27 Similarly, neoplastic lesions of neighboring organs 
may be falsely presumed to be of pancreatic origin. In addition, 
patients with severe pancreatitis may show an ultrasonographic 
mass effect in the area of the pancreas that must not be 
fused with a pancreatic adenocarcinoma* If peritoneal effusion 
is identified on abdominal ultrasound, a sample should be aspi¬ 
rated and evaluated cytologic ally, but in most cases carcinoma 
cells do not readily exfoliate into the peritoneal effusion, and 
neoplastic cells are not routinely identified on cytology. Fine 
needle aspiration or transcutaneous biopsy under ultrasound 
guidance can be attempted when suspicious masses are identi¬ 
fied and has been reported to be successful in approximately 
25% of all cases* 27 The low success rate of fine needle aspiration 
is probably due to the lack of exfoliation of pancreatic adeno¬ 
carcinoma cells. In other cases carcinoma cells can be identified, 
but the origin of the cells cannot be determined conclusively, 27 
Ultrasound-guided biopsy with histopathologic evaluation of 
biopsies has been reported infrequently; however, in one study 
u 1 trasound-guided biopsy of a pancreatic mass resulted in a 
diagnosis of pancreatic adenocarcinoma in two of two cases. 27 
In two of three more cases, biopsy of the liver revealed 
metastatic carcinoma. 27 In many cases the diagnosis is made at 
exploratory laparotomy or even on necropsy examination. 

Therapy and Prognosis 

Pancreatic adenomas are benign and theoretically do not need 
to be treated unless they cause clinical signs. However, because 
the definitive diagnosis of pancreatic adenocarcinoma is often 
made by histopatho 1 ogy, a partial pancreatectomy should be 
performed even in cases of suspected pancreatic adenoma. The 
prognosis in these cases is excellent. Pancreatic adenocarcino¬ 
mas often present at a late stage of the disease. In human 
patients with pancreatic adenocarcinoma, metastatic disease is 
usually present at the time of diagnosis; this is also common in 
dogs with this disease* The most common sites of metastatic 
disease are the liver, abdominal and thoracic lymph nodes, 
mesentery intestines, and the lungs, but various other meta¬ 
static sites have also been reported. 27 In those few cases when 
gross metastatic lesions are not identified at the time of diagno¬ 
sis, surgical resection of the tumor may be attempted, but 
owners should be forewarned that dean surgical margins are 
only rarely achieved* Total pancreatectomy and pancreatico¬ 
duodenectomy, though theoretically possible, have not been 
described in dogs with spontaneous disease* Extrapolation from 
human patients suggest high morbidity and mortality for these 
procedures, 29 To this point, chemotherapy or radiation therapy 
have shown little success in human or veterinary patients with 
pancreatic adenocarcinomas. Overall, the prognosis for dogs 
and cats with pancreatic adenocarcinoma is grave* 


associ- 


con- 


EXOCRINE PANCREATIC NEOPLASIA 


Pancreatic adenomas are benign tumors that are usually 
singular and can be differentiated from pancreatic nodular 
hyperplasia by the presence of a capsule. Pancreatic adeno¬ 
carcinoma is the most common neoplastic condition of the 
exocrine pancreas in the dog; however, in contrast to humans, 
where pancreatic adenocarcinoma is the fifth most 
mon malignancy, it occurs rather infrequently in dogs. 

Adenocarcinomas usually originate from the duct system but 
can also originate from acinar tissue* A few cases of pancreatic 
sarcomas (he., spindle cell sarcoma, lymphosarcoma: have 
been reported. Whether these tumors are primary neoplastic 
lesions of the exocrine pancreas, metastatic lesions of tumors 
of other organs, or a localized lesion of a niulticentric neoplasia 

is open to question. 


com- 


Cause and Pathogenesis 

The cause of neopl astic conditions of the exocrine 


pancreas is 

unknown* Benign neoplastic lesions can lead to transposition 
of cranial abdominal organs. However, these changes are sub- 
clinical in most cases, and the diagnosis is often made 
incidental finding at necropsy examination. In very few 
a benign growth can obstruct the pancreatic duct and cause 
secondary atrophy of the remaining exocrine pancreas leading 
to EPI* Adenocarcinomas can also cause transposition of cranial 
abdominal organs and obstruction of the pancreatic duct* In 
addition, adenocarcinomas can be associated with tumor 
sis and resulting pancreatic inflammation when the tumor 
outgrows its vascular supply Pancreatic adenocarcinomas can 
also spread to neighboring or distant organs. 


as an 


necro- 


Cfinical Signs and Diagnosis 

The presentation of canine patients with exocrine pancreatic 
neoplasia is nonspecific, and clinical signs observed are often 
those of chronic pancreatitis such as vomiting, anorexia, 
diarrhea, or chronic weight loss. Multifocal necrotizing 
steatitis has been described in a few dogs that were ultimately 
diagnosed with pancreatic adenocarcinoma* Clinical signs 
related to metastatic lesions, such as lameness, bone pain, or 

dyspnea, have also been reported in some cases of pancreatic 
adenocarci nom a * 

Neutrophilia, anemia, hypokalemia, bilirubinemia, azotemia, 
hyperglycemia, and elevations of hepatic enzymes have all 
been reported in affected patients, but results of routine blood 
tests may be unremarkable Elevations of hepatic enzymes 
and serum bilirubin concentration are identified most 
monly. 27 Hyperglycemia, when present, is related to concurrent 
destruction of pancreatic beta cells. Some dogs with pancreatic 
adenocarcinoma have extremely high serum lipase activities 
that reach values that are as high as 25 times the upper limit of 
the reference range. A single dog with a pancreatic adenocar¬ 
cinoma and pseudohyperparathvroidism, leading to hypercal¬ 
cemia, has been described in the literature. 


NODULAR HYPERPLASIA 


com- 


Nodular pancreatic hyperplasia occurs quite frequently in older 
dogs* 10 Disseminated small nodules can be found throughout 
the pancreas and can be differentiated from pancreatic ade¬ 
nomas by the absence of a capsule* 10 Nodular hyperplasia 
does not lead to functional changes or clinical signs and is thus 
most frequently diagnosed incidentally during necropsv of 
older dogs. 
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iseases of the exocrine pancreas, once believed to be 
rare in cats, are now known to occur frequently in this 
species. Pancreatitis is the most common disorder, 
followed by exocrine pancreatic neoplasia, exocrine pancre¬ 
atic insufficiency (see Chapter 234), and other miscellaneous 
conditions. 


in dogs and human beings, vomiting and abdominal pain, have 
been reported in only 35% and 25%, respectively, of cats with 
severe pancreatitis. 1 Hypothermia, dyspnea, diarrhea, and 
ataxia have also been reported. 1 Mild chronic pancreatitis may 
be subdinical or may cause anorexia and weight loss* 

Diagnostic Imaging 

Abdominal radiographs are only of limited usefulness for the 
diagnosis of pancreatitis. Possible findings are the same as in 
dogs and are also nonspecific in cats (see previous chapter)* 
Thoracic radiographs may show pleural effusion in severe 
cases. Abdominal ultrasound is highly specific for feline pan¬ 
creatitis if stringent criteria are applied. Again, findings are the 
same as in the dog (see Figure 232-2), but additionally pan¬ 
creatic duct dilation has been reported during abdominal 
ultrasound examination. 2 ' 3 Although highly specific for feline 
pancreatitis the sensitivity of abdominal ultrasound for pan¬ 
creatitis has been reported to be only 10% to 35% when per¬ 
formed by a board-certified ultrasonographer* A recent report 
assessing the clinical usefulness of contrast-enhanced com¬ 
puted tomography in cats with pancreatitis found this diag¬ 
nostic modality to be even less sensitive than abdominal 

ultrasonography,* 

Clinical Pathology 

Changes in the complete blood count and serum chemistry 
profile are often mild and nonspecific. 1 Elevations of 
liver enzymes are common in severe cases and indicate 
secondary hepatic lipidosis or concurrent cholangitis or 
ch ol an gioh ep atids. 5 - 6 

Serum lipase activity increases and serum amylase activity 
decreases in feline experimental pancreatitis. 7 However, the 
only study that evaluates the clinical utility of these serum 
enzyme acrivities in cats with spontaneous disease found no 
difference in the mean or the ranges of serum lipase or amy¬ 
lase activities between 12 cats with severe pancreatitis, 43 
normal cats, and 31 cats with other diseases. These results sug¬ 
gest that these tests are of no value in the diagnosis of feline 
pancreatitis. 6 Serum feline trypsin-like immun ore activity 
(fTL!) concentration is specific for exocrine pancreatic func¬ 
tion in the absence of azotemia, but depending on the study 
the sensitivity of this diagnostic test for feline pan ere adds 

ranges between 30% and 60%. 

An assay for serum feline pancreatic lipase immunoreac- 
tivity (fPLI) has recendy been developed and initial clinical 
studies have been promising. In a group of cats with experi¬ 
mentally induced pancreatitis, both serum fTLI and fPL! con¬ 
centrations increased initially, but serum fPLI concentration 
stayed elevated much longer than did serum fTLI concentra¬ 
tion (Figure 233-1). 9 Another study of cats with spontaneous 
pancreatitis showed serum fPLI concentration to be both 
more sensitive and more specific for diagnosing pancreadtis 
than serum fTLI concentration or abdominal ultrasonography. 10 


D 


PANCREATITIS 


The overall prevalence of feline pancreatitis is unknown but 
as the diagnostic accuracy for this disease is improving, 
this disease is being diagnosed with increasing frequency. 
The classification of feline pancreatitis is analogous to the dog 
see Chapter 232), but in contrast to dogs, cats are more likely 
to h ave chronic disease. 

Pancreadtis is ultimately due to autodigestion of the 
exocrine pancreas by prematurely activated digestive enzymes, 
most importantly proteases and phospholipases. Pathogenetic 
mechanisms that inidate clinical disease are the same as in the 
dog, as are the protective mechanisms that normally protect 
the pancreas from autodigestion (see Chapter 232). 

Etiology 

The majority of feline pancreatitis 
however, a number of causes and risk factors have been 
identified, A cause-and-effect relationship has been established 
for Toxoplasma gondii and the hepatic fluke Amphimerxis 
pseudofelineus (see below), but other infectious organisms, 
such as panleukopenia and feline infectious peritonitis, have 
also been implicated. Blunt trauma to the abdominal cavity 
such as seen in cats that have been hit by car or fallen from 
great heights (“high-rise syndrome") can cause pancreatitis, as 

can surgical manipulation and ischemia secondary to hypoten¬ 
sion during anesthesia. 

Drugs are an important cause of pancreatitis in human 
patients and a variety of drugs have been implicated in caus¬ 
ing pancreatitis in human beings. However, a cause-and-effect 

relationship, although likely, has yet to be confirmed in cats. 
Pancreatitis due to organophosphate intoxication has been 
documented in cats. 1 The role of inflammatory diseases of the 
liver and the intestines in the pathogenesis of feline pancre¬ 
atitis is unknown, but many cats with chronic pancreatitis also 
have inflammatory infiltrates of these organs. Indeed, diagnosis 
of chronic pancreatitis in cats should prompt diagnostic eval¬ 
uation for potential concurrent inflammatory bowel disease 
(IBD), and vice versa. 

Diagnosis 

His tory a nd Clinical S igns 

The history of cats with pancreatitis is extremely variable. 
Most cats with severe disease present with a history of 
lethargy and anorexia, 1 Key clinical signs of acute pancreatitis 
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Figure 233-1 Mean serum fTU and fPU concentrations over time in six cats with experimen¬ 
tally induced pancreatitis. The gray line shows the mean serum fTLI concentrations over time and 
the black line shows the mean serum fPLI concentrations. The broken line displays the currently 
recommended cut-off value for the diagnosis of pancreatitis for serum fTLI concentration of 
100 pg/L and. that for serum fPLI concentration of 12 fig/L. The elevation of mean serum fPLI 
concentration is of far greater duration than that of mean serum fTLI concentration. These data 

indicate that serum fPLI concentration is more sensitive than serum fTLI concentration for the 
diagnosis of feline pancreatitis. 9 


At the time of writing both the fTLI and the fPU 
performed only at the authors' laboratory.* 

Traditionally, histopathology of a pancreatic biopsy has 
been considered the gold standard for diagnosis of feline pan¬ 
creatitis. However, gross anatomic lesions are not consistently 
seen and pancreatic inflammation is often localized to a small 
area of the gland in both acute and chronic pancreatitis. 
Furthermore, although pancreatic biopsy per 

expensive and may be contraindicated in patients at risk for 
anesthetic complications. 

Treatment 

Treatment of Severe Pancreatitis 

For the most part treatment of severe pancreatitis mirrors that 
of dogs (see previous chapter). However, special consideration 
must be given to nutritional support as most cats with pan¬ 
creatitis present with a history of anorexia and hepatic lipido¬ 
sis is common in these patients. 6 Cats that do not vomit 
should he offered a low-fat diet orally. If the cat is anorectic, 
most cats will be, a nasogastric, esophageal, or gastrostomy 


tube is the most practical route of alimentation. If these 
routes are contraindicated a jejunostomy tube should be 
placed* Partial or total parenteral nutrition are other alterna¬ 
tives but a jejunostomy tube is preferable. 

Abdominal pain is infrequently recognized 
pancreatitis but probably occurs in most patients. In many 
patients previous abdominal pain becomes apparent after 
analgesia has been instituted and thus analgesic therapy is 
indicated in all patients. 


assay are 


in cats with 


se is safe, it i 
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Mi Id Pa ncrea this 

As stated earlier, cats with mild pancreatitis often have 
evidence of concurrent inflammatory bowel disease and 
cholangiohepatitis. Although corticosteroids are believed to 
be of no benefit in most patients with acute pancreatitis, the 
authors' experience indicates that corticosteroids can be safely 
used in cats w r ith concurrent chronic pancreatitis and inflam¬ 
matory bowel disease. Indeed, successful treatment of IBD 
w'ith prednisolone appears to lessen the severity of pancreati¬ 
tis in some of these cats. Cats with concurrent IBD often have 
subnormal serum cobalamin concentrations, and cob ala min 
supplementation is essential for optimal therapeutic 


or 


as 


response 

in these cases. Cats wdth mild pancreatitis also may benefit 
from a low fat diet, although the potential benefit of such 
diets is not as clear as in dogs. The use of exogenous 
utK enzymes is commonly recommended in human beings 
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or to pancreatic inflammation. Malignant neoplastic lesions 
can cause the same changes hut can also be associated with 
tumor necrosis and pancreatitis. Malignant tumors can also 
spread to neighboring or distant organs. 

Clinical Signs and Diagnosis 

Cats with exocrine pancreatic neoplasia present with nonspe¬ 
cific clinical signs. In a report of 58 cases, clinical signs most 
commonly reported were anorexia (46%), weight loss (37%), 

lethargy (28%), vomiting (23%), icterus (14%), constipation 

(9%), and diarrhea (3%) 3 s Clinical signs reported in other cases 
were polyuria, fever, dehydration, a distended cranial abdomen, 
and voluminous, pale, and soft stools. 16 Obstructive jaundice 
has also been described in a cat with pancreatic adenocarci¬ 
noma* Clinical signs due to metastatic lesions may also be 
observed and may include lameness, bone pain, or dyspnea. 
Recently several cases of paraneoplastic alopecia have been 
reported in cats with pancreatic adenocarcinoma, 17 - 10 The 
reported alopecia consisted of generalized alopecia of the 
ventrum, limbs, and face in most cases, and diffuse zones of 
alopecia in the remaining cats. 17 ' 18 

Neutrophilia, anemia, hypokalemia, bilirubinemia, 
azotemia, hyperglycemia, and elevations of hepatic enzymes 
have all been reported in affected patients, but results of 
routine blood tests may be unremarkable. 15 - 16 Serum lipase 
and amylase activities may be elevated in isolated cases. 

Radiographic and ultrasonographic findings in cats with 
exocrine pancreatic neoplasia are similar to those in dogs with 
this disease (see previous chapter)* As in the dog cytologic 
evaluation of peritoneal effusion or of fine-needle aspirates are 
only useful in a small number of cases, but the low invasiveness 
and cost of these procedures warrant their use. In many cases 
pancreatic neoplasia is diagnosed at exploratory laparotomy 
or during necropsy examination* 

Therapy and Prognosis 

The considerations for treatment of exocrine pancreatic neo¬ 
plasia in cats mirror those in dogs (see Chapter 232). Overall, 
the prognosis for cats with pancreatic adenocarcinoma is 
grave. 


with abdominal pain due to chronic pancreatitis. Exogenous 
pancreatic enzymes inhibit pancreatic enzyme secretion by a 
negative feedback mechanism in both dogs and human beings, 
and this may ameliorate pain in chronic pancreatitis. Although 
no data are available for cats, trial therapy with pancreatic 
enzymes should be considered in cats that show either 
abdominal pain or anorexia attributable to abdominal pain. 

The true prevalence of the hepatic fluke Amphimerus 
pseudofelineus in cats is unknown and infestation is usually 
missed during routine fecal examination. Thus, empiric treat¬ 
ment with praziquantel (see below) may be warranted in cats 
with chronic pancreatitis* 

Prognosis 

The prognosis for cats with pancreatitis is directly related 
to the severity of the disease, the extent of pancreatic necrosis, 
the occurrence of systemic and pancreatic complications, the 

duration of the condition, and to the presence of concurrent 
disease. In a recent report a plasma ionized calcium concen¬ 
tration below 1.00 mmol/L in cats with pancreatitis was a 
poor prognostic indicator associated with 77% mortality. 

As previously mentioned, common concurrent conditions 
in cats with pancreatitis include hepatic lipidosis, cholangio- 
hepatitis, enteritis, diabetes mellitus, and interstitial nephritis, 
all of which may negatively influence the overall prognosis of 
the patient, 12 However, most cats with IBD and concurrent 
pancreatitis respond well to treatment of IBD* 


n 


PANCREATIC PSEUDOCYST 


A pancreatic pseudocyst is a common complication of pan¬ 
creatitis in human beings but has been reported in only one 
cat to date* 1314 The clinical signs observed in the cat described 
were nonspecific and similar to those seen in some cats with 
pancreatitis, A mass was palpated in the cranial abdomen and 
a cystic structure in close proximity to the left lobe of the 
pancreas was identified on abdominal ultrasonography. 
Surgical correction is the treatment of choice for pancreatic 
pseudocysts in human beings in cases when they enlarge or do 
not regress* Surgical correction was also successfully employed 
in the management of the cat reported. 13 


u 


PANCREATIC PARASITES 


Eurytrema procyonis , the pancreatic fluke of the cat, can be 
found in the pancreatic ductular system of foxes, raccoons, 
and cats. Little is known about the life cycle of this parasite. 
Eurytrema procyonis can lead to thickening of the pancreatic 
duct system and fibrosis. Even though a significant decrease of 
exocrine pancreatic secretion has been shown to occur in 
affected animals, cats presenting with clinical signs of EPI sec¬ 
ondary to infestation with this parasite are extremely rare . 19 
The diagnosis can be made by detection of characteristic 

dicrocoeliid eggs (average size 34 pm x 50 pm) with a single 

operculum in fresh feces during routine fecal floatation, 
Fenbendazole at a dose of 30 mg/kg per os once a day for 6 
consecutive days has been recommended for therapy. 20 

The hepatic fluke of the cat, Amphimerus pseudofelineus, 
can also infest the pancreas and can lead to pancreatitis. 21 
Infection with this parasite has been reported in cats from 
Illinois, Iowa, Louisiana, Maryland, Nebraska, Ohio,Texas, and 
Virginia, 21 22 The life cycle of this parasite is unknown, but it 
is presumed that similarly to other OpistHorchiidae, mollusces 
serve as first and freshwater fish as second intermediate host. 22 
Diagnosis can be made on fecal examination by formalin-ethyl 
acetate sedimentation by identification of yellow-brown eggs 
of approximately 16 pm x 31 pm with a single operculum. 22 

Eggs are destroyed during routine fecal floatation and infesta¬ 
tion will be missed in those cases In one report treatment with 


PANCREATIC ABSCESS 


A pancreatic abscess is another common complication of 
pancreatitis in human beings. 14 A pancreatic abscess is a 
circumscribed collection of pus, usually in proximity to the 
pancreas, and contains little or no pancreatic necrosis. 14 To date 
a pancreatic abscess in a cat has not been described. 


EXOCRINE PANCREATIC NEOPLASIA 


Pancreatic adenocarcinomas, adenomas, or other primary or 
metastatic neoplastic lesions have been reported in cats* 15 - 16 
Adenocarcinomas are the most common neoplasia of the 
exocrine pancreas in cats. They are malignant and usually 
originate from the duct system but can also originate from 
acinar tissue. 15 


Etiology and Pathogenesis 

Benign neoplastic lesions can lead to transposition of organs of 
the cranial abdomen, but these changes are subclinical in most 
cases and the diagnosis is often made as an incidental finding 
on necropsy examination. In some cases the pancreatic mass 
can obstruct the pancreatic duct and lead to pancreatic 
atrophy and clinical signs of exocrine pancreatic insufficiency 
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praziquantel at 40 mg/kg once daily For 3 consecutive days was 
successful in the management of Amphimerus pseudofelineus 
infestation, 22 Concurrent symptomatic therapy for pancreatitis, 
as outlined above, also needs to be instituted in these cases. The 
dose of praziquantel recommended is high when compared 
with the standard dose recommended for treatment of enteric 
parasites, but the therapeutic range for praziquantel is wide 
and the dose recommended is similar to that recommended for 
treatment of hepatic flukes in human beings. 22 


in the literature. These patients were presented with clinical 
signs compatible with biliary duct obstruction* Appropriate 
management has not been studied, but surgical reconstruction 
may be of most benefit in cases presenting with clinical signs. 


NODULAR HYPERPLASIA 


As in older dogs, nodular pancreatic hyperplasia occurs quite 
frequently in older cats. Disseminated small nodules can be 
found throughout the exocrine portion of the pancreas. 
Pancreatic nodular hyperplasia can be differentiated from 
pancreatic adenomas by the absence of a capsule. Nodular 
hyperplasia does not lead to functional changes, does not 
cause any clinical signs, and is usually diagnosed incidentally 
during necropsy examination of older cats. 


PANCREATIC BLADDER 


A pancreatic bladder is an abnormal extension of the 
atic duct. Pancreatic bladders can be congenital 


pan ere - 

or acquired. 

Only a few cats with pancreatic bladders have been described 


Exocrine Pancreatic Insufficiency in Dogs and Cats 


Elias Westermarck 
Maria Wiberg 
jorg M. Steiner 
David A. Williams 


CANINE EXOCRINE PANCREATIC INSUFFICIENCY 


in the development of PAA. In one study stress was suggested 
to be a possible triggering factor preceding the clinical disease.* 

PAA has been reported in many breeds, but it is most 
common in German shepherd dogs and rough coated Collies* 
In both breeds, PAA has been suggested to be inherited. 5 7 

Recent studies in German shepherd dogs and rough-coated 
Collies have shown that PAA has features typical of auto¬ 
immune disease. With these two breeds it has been possible to 
diagnose the disease in a subdinical phase, before development 
of total acinar atrophy and the manifestation of clinical 
maldigestion signs. 0 ' 9 10 Genetic susceptibility of the disease and 
the marked Tdymphocyte infiltration during the progression of 
acinar atrophy have been taken as primary evidence of auto¬ 
immune nature of the disease* The progression of acinar atrophy 
was divided into a subdinical phase, characterized by partiaJ 
acinar atrophy and lymphocytic infiltration. The clinical phase 
is characterized by severe endstage atrophy* As lymphocytic 
pancreatitis with active destruction of the acinar structures was 
sh own to precede the end - sta ge atrophy, the term au toim mune- 
mediated atrophic lymphocytic pancreatitis is preferred to 
describe pathologic findings. Cellular immune mechanisms 
were shown to have a major role in the tissue destruction, 8 ' 10 

Other Causes of EPI 

Chronic pancreatitis is a common cause of EPI in cats and 
humans. It has been suggested as an underlying cause of EPI 
in older dogs, but its prevalence is still unclear In chronic 
pancreatitis the clinical signs are usually those of nonspecific 
gastrointestinal disease. In this situation, the endocrine pan^eas 


Chronic diseases of the exocrine pancreas may affect pancreatic 
function and lead to inadequate production of digestive 
enzymes, which causes maldigestion and then signs typical of 
exocrine pancreatic insufficiency [EPI). EPI is a functional diag¬ 
nosis based on measurement of decreased pancreatic secretion 
capacity by pancreatic function tests* The exocrine pancreas 
has a large reserve secretory capacity and clinical signs of 
maldigestion do not occur until 90% of secretory capacity is 
lost. In dogs, underlying pathologic processes that may result 
in clinical signs of EPI are pancreatic acinar atrophy (PAA), 
chronic pancreatitis, pancreatic hypoplasia, and pancreatic 
neoplasia. Pancreatic acinar atrophy is reported to be by far 
the most common cause of severe EPI in dogsT 2 

Etiology 

Pancreatic Acinar A trophy 

Pancreatic Acinar Atrophy [PAA) results from selective 
destruction of the digestive enzyme producing acinar cells, 
which may lead to almost complete loss of secretory capacity. 
The endocrine function of the pancreas usually is unaffected. 
PAA has been suggested to be a hypoplastic disease because of 
the young age of the affected dogs. However, general opinion 
has been that PAA is a progressive disease and it has been 
shown that the one dog that developed PAA later in life was 
bom with grossly and histologically normal pancreas. 3 

Onlv a limited number of studies have been assessed the role 
of different environmental iactors, nonmicrobial or microbial r 
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not reliable. More valuable, semiquanititative methods for 
measuring fecal proteolytic activity are the azocasein method 
and radial enzyme diffusion into agar containing a casein 
substrate. Fecal proteolytic activity should be measured In 
repeated samples because of considerable daily variations in 
results and because healthy dogs may occasionally pass feces 
with low proteolytic activity. To prevent incorrect abnormal 
results, fecal proteolytic activity has been measured after 
giving dogs raw soybean in their food and determining activi¬ 
ties by a radial enzyme diffusion method in fecal samples for 

3 days (soybean stimulation test), 12 
Fecal Etas lose Activity 

A new fecal test for diagnosing exocrine pancreatic dysfunc¬ 
tion is the measurement of fecal elastase using the ELISA 

method. Canine fecal elastase is a species- and pancreas- 
specific test. A single fecal sample is adequate for diagnosing 
severe EPI and an elastase concentration of less than 10 pg/g 
in association with clinical signs of EPI is suggestive of severe 
dysfunction. A drawback of this test is that abnormal results 
can occasionally be found in normal dogs. 13 

Diagnosis of Subclinical EPI and Partial PAA 
Serum cTLI values within the subnormal range of 2.5 to 
5,0 pg/L have been shown to reflect decreased pancreatic 
function and can be used for the early diagnosis of EPL In 
breeds predisposed to PAA, cTLI measurement can be used 

for diagnosis of the subclinical disease. Repeatedly subnormal 
serum cTLI values in dogs showing no typical signs of EPI 
indicate subclinical EPI and suggest partial PAA, 

Despite low fasting serum cTLI values, the 
tory capacity of the pancreas may prevent the appearance of 
clinical signs. Some of the dogs with a subclinical disease may 

have cTLI values of less than 2,5 pg/L. To diagnose subclinical 
disease, repeated cTLI measurements are needed to increase 
the a ecu ranee of the diagnosis. One single subnormal value is 
not diagnostic for pancreatic dysfunction. In addition overlap¬ 
ping of cTLI results between subclinical and normal dogs is 
possible. A normal cTLI (>5,Q pg/L) does not exclude mild to 
moderate pancreatic dysfunction.® 

Verification of Underlying Pathologic Process 
Pancreatic morphologic examination is performed when it is 
necessary to identify the underlying pathologic process caus¬ 
ing pancreatic dysfunction. In dogs with either partial or end- 
stage PAA, the clinical histories, clinical signs, and results of 
function tests are usually highly suggestive of the underlying 
pathologic process. With breeds predisposed to PAA, morpho¬ 
logic examination is rarely needed. Morphologic examination 
can be useful in atypical cases. The disadvantage of laparotomy 
and laparoscopy is that they are invasive methods. Further, 
the morphologic changes in the pancreas are usually unevenly 
distributed, thus the severity of findings is greatly dependent 

on the site of biopsy. Pancreatic biopsies can be taken by 
laparotomy to dissect a small pancreatic sample or by 
laparoscopy using crushing forceps. 3 

Treatment 

Treatment and Prognosis o f Subclinical EPI 
Asymptomatic dogs with partial PAA and subclinical EPI do 
not need any treatment. The speed of the progression of 
atrophy from subclinical to clinical phase is variable, and the 
factors affecting the speed of progression are not yet identified. 
Early immunosuppressive treatment to halt the progression 
of the autoimmune mediated tissue destruction has been 
considered to prevent the clinical disease. 

Long-term follow-up of the dogs with partial PAA and 
subclinical EPI showed that the value of immunosuppressive 
treatment in slowing acinar atrophy is questionable. Dogs mav 


may also be affected. In chronic pancreatitis there can be a pro¬ 
gressive destruction of both exocrine and endocrine pancreas, 
with fibrosis. Congenital exocrine or exocrine and endocrine 
pancreatic hypoplasia in young puppies is sometimes found. In 
conjunction with pancreatic neoplasia EPI is a rarely reported 
clinical sign. 1 

Diagnosis 

Diagnosis of exocrine pancreatic dysfunction is based on 
typical findings in clinical histories and clinical signs, it is con¬ 
firmed with pancreatic function tests. When it is needed to 
verify the underlying pathological process causing the clinical 
signs, morphologic examination of the pancreas is performed. 

Clinical History and Clinical Signs 

Typical clinical signs of EPI include yellowish or gray feces, 
increased fecal volume and defecation frequency, weight loss, 
and flatulence. Other signs include abnormally increased 
appetite; poorly digested, loose, and pulpy feces; and occa¬ 
sional coprophagia. Nervousness or aggressiveness have also 
been reported, and these are suspected to result from abdom¬ 
inal discomfort due to increased bowel movements and gas 
formation. Severe watery diarrhea is usually only temporary. 

Poor hair coat has also been reported in dogs with EPI, 4 
Although these clinical signs are typical for EPI, they are not 
pathognomonic for the disease, as small intestinal disease may 
cause similar maldigestion signs. 

Clinical Pathologic Evaluation 

Results of standard laboratory analysis are usually not helpful 

in diagnosing of EPI. Some dogs have hypocholesterolemia 
and increases in serum alanine aminotransferase activities. 
This may reflect hepatocyte damage secondary to increased 
uptake of hep a to toxic substances through small intestinal 
mucosa. Serum amylase and lipase concentrations are of no 

value in diagnosing EPI. 1 
Pancreatic Function Tests 

Various pancreatic function tests have been shown to be valu¬ 
able in confirmation of the diagnosis of clinical EPI. The value 
of these tests lies of their ability to distinguish whether the 
clinical signs are due to exocrine pancreatic dysfunction or to 
small intestinal disease, 1 


reserve secre- 


Serum Trypsin-like Immunoreactivity 
The measurement of serum canine trypsin-like immunoreactiv¬ 
ity (cTLI] by radioimmunoassay has become one of the most 
commonly used pancreatic function tests to diagnose canine EPL 
Serum cTLI measurement is species- and pancreas-specific. It 
measures only pancreatic trypsin and trypsinogen that has entered 
the bloodstream directly from the pancreas. The reference 
range for cTLI in healthy dogs is more than 5.0 to 35 pg/L. 

Abnormally low serum cTLI concentrations (<2.5 pg/L), in 
association with the typical clinical signs of maldigestion, are 
considered highly diagnostic for severe EPL Because trypsinogen 
is not absorbed from the intestinal lumen, intestinal disease 
does not affect cTLI measurement. Serum cTLI measurement 
is a practical test since usually only a single sample is needed 
to confirm the clinical diagnosis of EPI. Fasting samples (S to 
12 hours) are recommended as a postprandial increase of 
serum trypsinogen levels, even though slight and transient, 
may occur Because trypsinogen is eliminated by glomerular 
filtration, renal dysfunction associated with pancreatic disease 

can cause a rise in serum cTLI. 11 
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Fecal Pro teo lytic Activity 

Low fecal proteolytic activity has been reported in dogs 
with severe EPL The reliability of different fecal proteolytic 
activity tests varies. The X-ray film test is a simple method but 
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stay in the subclinical phase for years or sometimes for life 
with or without medication. No diagnostic markers predicting 
which dogs will develop clinical disease have been found, thus 
immunosuppressive treatment is not recommended. 34 Some 
dogs with partial PAA may show chronic or intermittent gas¬ 
trointestinal signs not typical for EPI. The gastrointestinal 
signs may be due to subnormal pancreatic junction 
underlying small intestinal disease or a combination of both. 
The diagnostic workup and treatment for possible 
small intestinal disease is recommended. If no underlying 
small intestinal disorder is identified, a trial treatment with 
pancreatic enzymes should be initiated. 14 

Treatment and Prognosis of Clinical EPI 

Enzyme replacement therapy When clinical signs of EPI 
appear, enzyme replacement therapy is indicated. Basic treat¬ 
ment for EPI is supplementation of each meal with enzyme 
extracts. Various pancreatic enzyme extracts are available. In 
dogs, the highest enzyme activity in the duodenum has been 

obtained with nonenteric-coated supplements; like 

chopped pancreas or powdered enzymes. In clinical trials, 
these two supplements have proved to be equally effective in 
controlling clinical signs. The choice between the preparations 
is therefore based on practical properties, availability, and 
costs, in many countries the use of raw pancreas is not allowed 
because of possibilities of zoonotic diseases. The maintenance 
dosage for the powdered enzyme preparation is usually 
1 tsp/meal, and for raw, chopped pancreas 50 to 100 g/meal 
for dogs that weigh 20 to 35 kg. The value of enteric-coated 
supplements has been demonstrated to be limited in dogs 
because of the delayed gastric emptying of the preparations. 1 ' 15 

Supportive treatments When the treatment response to 

nonenteric-coated enzyme supplements and ordinary dog 

food is not satisfactory, the supportive therapies should be 
consi de red. 

Orally administered enzymes are largely destroyed by 
gastric acid and despite accurate enzyme therapy the digestive 
capacity does not return to normal. In some dogs the increase 
of enzyme dosage or change to another nonenteric-coated 
enzyme supplement may be beneficial. Inhibition of gastric 
acid secretion by H 2 -antagonist has shown some positive 
effects. The routine use of H r ant agonists is not recommended 
but is indicated when response to enzyme treatment is poor. 
Preincubation enzymes in food before feeding and supple¬ 
menting with bile salts or antacids have been recommended 
to increase the efficiency of enzyme supplementation, but 
with no proven efficiency. 1 


in turn may result in diarrhea. Dietary sensitivities may be 
a consequence of EPI. Therefore hypoallergenic diets may 
benefit some dogs with EPI, especially in the early treatment. 
No obvious clinical benefits have been demonstrated with 
adding medium-chain triglycerides to food. 


Antibiotics Antibiotics are the most commonly used 
adjunctive medications in treatment of EPI. Small intestinal 
bacterial overgrowth is common in dogs with EPI before and 
during enzyme replacement treatment. An increased amount 
of substrate for bacteria in the small intestinal lumen, a lack of 
bacteriostatic factors present in normal pancreatic juice, and 
changes in intestinal motility and immune functions 


or an 


concurrent 


are pos¬ 
sible reasons for an abnormal accumulation of bacteria in the 

small intestine of dogs with EPI. Antibiotics have particularly 

been used during initial treatment in cases of poor treatment 

response to enzymes alone and when clinical signs, such 

diarrhea, borborygmus, and flatulence have recurred during 

long-term treatment. Antibiotics reported to be effective 

tylosin, oxytetracydin, and metronidazole. Usually treatment 

with antibiotics for 1 to 3 weeks is effective. 1 - 15 
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Cobalamin Cobalamin deficiency is common in dogs 
with EPI, This deficiency is partly due to an increased uptake 
of cobalamin by intestinal bacteria and partly because of the 
lack of pancreatic intrinsic factor, demonstrated to have 
a major role in the absorption of cobalamin. Enzyme supple¬ 
mentation alone has not been found to be helpful for increas¬ 
ing serum cobalamin levels. Parenteral cobalamin treatment is 
needed when low serum cobalamin values are detected. The 
clinical signs of cobalamin deficiency are still poorly docu¬ 
mented in canine EPI, The doses for cobalamin recommended 
are 250 to 500 pg parenterally. The vitamin treatment should 
be repeated based on the serum levels. 1 - 15 

Other supportive treatments Malabsorption of fat solu¬ 
ble vitamins may be suspected in dogs with EPI. The clinical 
importance of vitamin A, D, E, K deficiency in dogs has not 
been reported. When treatment responses to enzymes and 
supportive therapies are insufficient, concomitant small 
intestinal disease and lymphoplasmacytic enteritis should be 
suspected. To date, no comprehensive studies on EPI and 
associated small intestinal diseases have been published. 
Glucocorticoids treatment is not recommended, 1 

Prognosis 

Usually a lifelong enzyme treatment is needed. Response to 
enzyme treatment is usually seen during the first weeks of 
treatment, with weight gain, decrease in polyphagia and fecal 
volume, and cessation of diarrhea. The level of treatment 
response achieved during the initial treatment period seems to 
remain rather stable. Although some dogs show short relapses 
of clinical signs, usually no permanent deterioration of clinical 
condition is seen during the long-term enzyme treatment. 1 - 15 

During long-term treatment with nonenteric-coated 
supplements, 50% of dogs are almost totally controlled 
However, despite similar treatment regimes, the treatment 
response has been showm to be variable, and about 20% of EPI 
dogs have a poor response. Although it is not always possible 
to eliminate all the signs, good resolution is found especially 
for more serious signs such as continuous diarrhea and mal¬ 
nutrition. Why some clinical signs are incompletely controlled 
and others so variable is not completely understood. 

About 20% of the dogs diagnosed for EPI are euthanized 
during the first year after diagnosis. The most common 
for euthanasia is poor response to treatment. Another reason 
is owner reluctance for expensive and lifelong treatment. 15 lf * 
A rare, but severe complication of EPI is mesenteric torsion 


Dietary modification Clinical feeding studies have 
showm controversial results on the actual benefits of using 
special diets. In general, no dietary modification is needed and 
the dogs may continue to be fed w'ith their ordinary food. 
However, special attention should be paid to individual needs 
and radical dietary changes should be avoided, 1 - 15 

In those dogs that do not show the satisfactory treatment 
response, dietary modification may be useful, A highly 
digestible, low-fiber and moderate-fat diet has shown to be 
able to alleviate such clinical signs as flatulence, borborygmi, 
increased fecal volume, and defecation frequency. Highly 
digestible diets may be of particular value in the initial 
treatment until nutritional status has improved, A low-fat diet 
has been considered to be valuable because enzyme supple¬ 
ments alone are unable to restore normal fat absorption. 
Lipase is most easily destroyed by gastric acid. Fat absorption 
may be affected also by the bacterial deconjugation of bile 

salts in a small intestinal disc 
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The etiology of mesenteric torsion remains unclean Today 
mesenteric torsion is rare, probably because of the improve¬ 
ment of treatment regimes for EPI, 


determined by either azocaseim or azoalbumin-based meth¬ 
ods, or by a radial enzyme diffusion method, and 
with EP1 have undetectable FPA, Unfortunately, this finding is 
not specific for EPI; FPA is somewhat labile, and few diagnos¬ 
tic laboratories determine FPA using reliable assay methods. 
Furthermore, the requirement to collect and assay several 
fecal samples makes this approach expensive and inconve¬ 
nient. Fortunately, a highly reliable and economical species 
specific radioimmunoassay for feline trypsin-like 
reactivity (fTLI) has been developed and validated, and shown 
to be accurate in the diagnosis of feline EPI. lB - 19 Similar to the 
situation in dogs, severely decreased serum fTLI concentration 
is diagnostic for EPI in the cats. The fTLI is presently only 
at the laboratory directed by two of the authors, but 
fTLI is very stable and samples can readily be shipped world¬ 
wide directly to this laboratory. Numerous commercial 
laboratories will also forward samples to this laboratory 
request. 

Treatment 

Cats with EPI will at least require dietary supplementation 
with pancreatic enzymes for resolution of clinical signs. 
It is important to recognize that in most cats, treatments in 
addition to enzyme supplementation will be required to 
achieve an optimal response. Dried powdered extracts (give 
0.5 teaspoonfuls per meal) of porcine pancreas are available 
(e.g., Viokase, Pancrezyme, PancreVed). Tablets, capsules, 
and enteric-coated formulations 
Raw pancreas (1 to 2 

can be stored frozen for several months prior to feeding. 
Preincubation of the food with pancreatic enzymes, supple¬ 
mentation with bile salts, or concurrent antacid therapy are 
unnecessary, 17 

Since cats with EPI almost always have extreme depletion 
of total body cobalamin stores and undetectable serum cobal- 
amin, it is not surprising that parenteral cobalamin (100 to 
250 pg subcutaneously once weekly) is often beneficial. 
Uncorrected cobalamin deficiency may lead to villous atrophy, 
intestinal inflammation, and malasborption, with resultant 
failure to respond to pancreatic enzymes alone. Serum folate 
concentration is also subnormal in many affected cats, and in 
some cases serum concentrations can be very low. Oral Folate 
supplementation (400 jig daily orally) will rectify any defi¬ 
ciency. Serum cobalamin and folate concentrations should be 
routinely evaluated in cats with suspected EPI and periodi¬ 
cally assessed following initiation of therapy since deficiencies 
often recur. Some affected cats also have hypovitaminosis K, 
and if untreated this can lead to bleeding disorders, which 
be fatal if they go unrecognized. 

Some cats will not respond appropriately to enzyme sup¬ 
plementation and cobalamin and/or folate supplementation. 
These cats usually have concurrent small intestinal disease, 
perhaps associated with abnormal proliferation of bacteria in 
the upper intestine. In these cases treatment with oral pred¬ 
nisolone (initial dose 5 mg twice daily for 1 to 2 weeks) 
and/or oral metronidazole (100 mg twice daily for 2 
4 weeks) is often beneficial. Long-term treatment with either 
antibiotics nor glucocorticoid is usually not required. 


most cats 


FELINE EXOCRINE PANCREATIC INSUFFICIENCY 


Exocrine pancreatic insufficiency (EPI), although uncommon, 

does occur in cats and therefore should be considered in the 
differential diagnosis for weight loss and diarrhea in this 
species. Although the pathophysiology, etiology, diagnosis, and 
treatment are similar to those of EPI in dogs, there are some 
important differences, 3 7 Chronic pancreatitis is the most 
common cause of EPI in the cat. Rare cases of EPI without 
pancreatitis have been reported due to duct obstruction asso¬ 
ciated with Eurytrema procyonis infestation. Adenocarcinomas 
of the exocrine pancreas can lead to obstruction of the 
pancreatic duct, Followed by atrophy of acinar tissue. Finally, 
the authors are aware of several reports of pancreatic 
atrophy (PAA) that is histologically indistinguishable from 

that so commonly observed in dogs; whether the pathophysi 
ology in such cases is the same as in dogs is not known. 17 

Classical clinical signs include loose, malodorous, and volu¬ 
minous stools, with poor body condition. Weight loss, even in 
untreated cases, is rarely as extreme as in untreated dogs. As in 
dogs, polyphagia is not an invariable sign. It should be empha¬ 
sized that most cats with polyphagia, weight loss, and diarrhea 
are ultimately diagnosed as having small intestinal disease 
associated with severe cobalamin deficiency. These cases 
clinically indistinguishable from those with EPI. Indeed, the 
frequent occurrence of severely subnormal serum cobalamin 
concentrations, and somewhat less commonly serum folate 
concentrations, in cats with EPI (abnormalities seen far less 
often in dogs), indicate that many have 
small intestinal disease leading to vitamin malabsorption. Cats 
with EPI may exhibit a greasy, w r et-looking and generally 
unkempt hair coat, especially in the perineal region, which 
may in part reflect severe cobalamin deficiency. 

The differential diagnosis for cats with weight loss, diar¬ 
rhea, and changes in appetite include chronic small intestinal 
disease (most commonly inflammatory bowel disease], hyper¬ 
thyroidism, and diabetes mellitus. In older cats these condi¬ 
tions 
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severe concurrent 


may he concurrent. Owing to the underlying 
pathophysiology of EPI in cats, diabetes mellitus is a far more 
frequent complication of EPI than it is in dogs. It has been 
reported that more than 50% of cats with diabetes mellitus 
have pancreatitis. Although it is unknown if this is a 

and-effect or coincidental relationship, some of these patients 
do develop EPL 

Results ol hematologic and serum biochemical testing, and 
abdominal radiography or ultrasonography are generally unre¬ 
markable, although lymphopenia, lymphocytosis, 
trophilia, eosinophilia, and elevations of hepatic enzymes have 
been reported sporadically. Many specific tests to evaluate 
exocrine pancreatic function in cats are either impractical or 
unreliable, including the bentiromide absorption test, plasma 
turbidity, microscopic examination of feces for undigested fat, 
starch, or muscle fibers. Fecal proteolytic activity (FPA) can be 
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GROWTH HORMONE 


In the dog. circulating GH not only originates from the 
pituitary hut also may be of mammary origin. In the 1970s 
and 1980s it was shown that administration of progestins to 
dogs could lead to elevated plasma GH levels.These progestin- 
stimulated plasma GH levels do not have a pulsatile secre¬ 
tion pattern, are not sensitive to stimulation with GHRH or 
the a-adrenergic agonist donidine, and are not inhibited 
by somatostatin, which points to autonomous secretion. 
Furthermore it was shown that the progestin-induced ele¬ 
vated plasma GH levels do not decrease after hypophysec- 
tomy, which indicates that this GH originates from an 
extra pituitary site. In 1994 Selman et al published that the 
progestin-induced GH production in the dog originates from 
foci of hyperplastic ductular epithelium of the mammary 
gland. 4 It was also demonstrated that mammary GH is bio¬ 
chemically identical to pituitary GH and that the gene encod¬ 
ing GH in the mammary gland is identical to the gene in the 
pituitary gland. 

The pulsatile secretion pattern of GH changes during pro¬ 
gression of the luteal phase of the estrous cycle of healthy 
bitches, with higher basal GH secretion and less GH secreted 
in pulses during stages with a high plasma progesterone con¬ 
centration. 5 It is likely that this is caused by a partial suppres¬ 
sion of pituitary GH release by progesterone-induced GH 
production in the mammary gland, This indicates that progestin - 
induced mammary GH production is not just an aberration 
but a normal physiologic event during the luteal phase of the 
estrous cycle in healthy cyclic bitches. The GH-receptor is 
also present in the mammary gland, which supports the con¬ 
cept that the progesterone-induced mammary GH produc¬ 
tion may promote the physiologic proliferation of mammary 
gland tissue and the preparation for lactation during the luteal 
phase hv local autocrine and paracrine effects High concen¬ 
trations of GH have also been found in mammary secretions, 
particularly in colostrum. 6 The high GH levels in colostrum, 
often 100 to 1000 times higher than plasma GH levels, may 
he of importance for the gastrointestinal development of 
neonates. The progestin-induced mammary GH production 
may also play a role in mammary gland tumor development 
or tumor progression* 

The effects of circulating GH can be divided into two main 
categories: rapid catabolic actions and slow (long-lasting) 
hypertrophic actions. The acute catabolic actions are mainly 
due to insulin antagonism and result in enhanced lipolysis. 
glueoneogenesis, and restricted glucose transport across the 
cell membrane. The net effect of these catabolic actions is pro¬ 
motion of hyperglycemia. The slow anabolic effects are mainly 
mediated via insulin-like growth factors (IGFs). IGFs are pro¬ 
duced in many different tissues, and in most of these tissues 
they have a local (paracrine or autocrine) growth-promoting 
effect* The main source of circulating 1GF-J is the liver. The 
chemical structure of IGFs has about 50% sequence similarity 
with insulin* In contrast to insulin, IGFs are hound to binding 
proteins fIGFBPs]* As a result of this binding to carrier pro¬ 
tein^ thev have a prolonged half-life which is consistent with 
long-term growth-promoting effects. IChs are important 


Growth hormone (GH) is a rather large single-chain polypep¬ 
tide with a molecular vveight of approximately 22 kDalton. 
The amino acid sequence of GH varies considerably between 
different species, The amino acid sequence of canine GH is, 
however, identical to that of porcine GH.* 

Like the other hormones of the pituitary anterior lobe, GH 
is secreted in a pulsatile fashion* Pituitary GH secretion is 
regulated mainly by the opposing actions of the stimulatory 
hypothalamic peptide GH-releasing hormone (GHRH) and the 
inhibitory hypothalamic peptide somatostatin (Figure 235-1) 
The GH pulses predominantly reflect the pulsatile delivery of 
GHRH, w r hereas GH levels between pulses are primarily 
under somatostatin control. The release of GHRH and somato¬ 
statin is controlled by complex neural regulatory mechanisms, 
GH release can also be elicited by synthetic GH secreta- 
gogucs. These GH secretagogues exert their effect on GH 
release by acting through receptors different from those for 
GHRH, In 1999 Kojima et a) characterized the endogenous 
ligand for these receptors and called it gkreltn* 2 The main 
source of circulating ghrelin, which also is stimulatory for 
canine GH 3 r appears to be the stomach. 
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Figure 235-1 The pituitary secretion of GH is under inhibitory 
(somatostatin) and stimulatory (GHRH) hypothalamic control 
and is also modulated by negative feedback control of IGF-l and 
GH itself. The direct catabolic (diabetogenic) actions of GH are 
shown on the left side of the figure, and the indirect anabolic 
actions are shown on the right. (Redrawn from Rijnberk A, editor 
Clinical endocrinology* of rfnjps and cats. Dordrecht. The 
Netherlands, 1990. Kluwer Academic Publishers I 
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The physical changes in cats tend to be less pronounced 
than in dogs. The head may also become somewhat massive 
and may have rather pronounced features. The most common 
problem in acromegalic cats is (severe) insulin-resistant dia¬ 
betes mellitus. There may also he proliferative changes that 
lead to a progressive degenerative arthropathy with lameness. 
Affected cats may have dyspnea due to hypertrophic car* 
diomyopathy and subsequent heart failure. Finally, when the 
pituitary adenoma causing acromegaly becomes large, it may 
cause neurological signs. For many acromegalic cats the only 
routine laboratory changes are the hyperglycemia and gluco- 
suria due to the secondary diabetes mellitus. 

Diagnosis 

Acromegaly is an uncommon condition in diabetic cats. 
Conversely, insulin resistance or ''apparent insulin resistance" 
is quite common in cats with diabetes mellitus. Thus the diag¬ 
nosis of acromegaly should be considered only after all other 
causes for blood glucose concentrations that are persistently 
increased are eliminated from the differential diagnosis. A 
complete discussion of feline diabetes mellitus and its man¬ 
agement strategy is provided in Chapter 24 ], 

The diagnosis of GH excess can generally be established by 
measuring basal plasma GH levels. The basal plasma GH level 
in acromegalic animals often exceeds the upper limit of 
the reference range (6 jig/L). However, if the disease is 
mild or just beginning, the basal plasma GH concentration 
may be only slightly increased. Conversely, a high value 
may be the result of a secretory pulse in a normal animal. 
Non responsiveness of normal or increased plasma GH con¬ 
centrations to stimulation may further support the diagnosis.* 
Because of the variation in amino acid sequence of GH in dif¬ 
ferent species, GH should be determined in a homologous 
radioimmunoassay. Fortunately, feline GH can be measured 
reliably in a radioimmunoassay developed for the dog. 

Measurement of plasma 1GF-I concentration may also con¬ 
tribute to the diagnosis. As reviewed, the circulating IGFT 
concentration is GH-dependent, Being bound to proteins, the 
1GF-I concentration is less subject to fluctuation than is GH. 
However, there is some overlap in plasma 1GF-I concentra¬ 
tions between healthy animals and those with acromegaly. In 
addition, it has been reported that there may be increases in 
plasma 1GF-1 levels in diabetic cats unrelated to acromegaly. 
The amino acid sequence of IGF-1 is less species specific than 
that of GH and therefore IGF-I can be determined in a het¬ 
erologous (human) assay. 

Excessive GH secretion in cats is due to a pituitary adenoma. 
Consequently when acromegaly has been demonstrated 
in a cat, the pituitary should be visualized by computed 
tomography (CT) or magnetic resonance imaging (MRI) 

(Figure 235-3). 

Treatment 

Acromegaly in dogs can be treated easily and effectively by 
discontinuation of exogenous progestins and/or ova no (hyster¬ 
ectomy. The animal may then change dramatically due to the 
reversal of the soft tissue changes. The bony changes appear to 
be irreversible but do not seem to cause problems. For dogs in 
which the GH excess did not lead to complete exhaustion of 
the pancreatic [3-cells, the elimination of the progesterone 
source by ovario(hyster)ectomy may prevent persistent dia¬ 
betes mellitus. In case of recent administration of exogenous 
progestins, synthetic progesterone receptor blockers may be 
useful, but experience with long-term administration of this 
class of drugs is lacking. In the end one may even decide for 
total mammectomy. 

In cats treatment should be directed at the pituitary tumor. 
In principle, there are three options: hypophysectomy, irradi¬ 
ation, and medication. There is little experience with am of 


determinants in the regulation of body size, by stimulating 
protein synthesis, chondrogenesis, and growth. There is 
increasing evidence that GH exerts its growth-promoting 
effect not only via IGFs but also by a direct effect on the cells, 
IGF-1 exerts an inhibitory effect on GH release, by stimulat¬ 
ing the release of somatostatin and by a direct inhibitory infl 
encc at the pituitary level. In addition, GH itself has a negative 
feedback effect at the hypothalamic level (see Figure 235-1), 
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ACROMEGALY 




Pathogenesis 

Acromegaly is a syndrome of bony and soft tissue overgrowth 
and insulin resistance due to excessive GH secretion. The 
pathogenesis of acromegaly is completely different in dogs 
and cats. In middle-aged and elderly female dogs, either 
endogenous progesterone ‘ luteal phase of the estrous cycle) 
or exogenous progestins (used for estrus prevention) may give 
rise to GH hypersecretion of mammary origin. In the cat, 
acromegaly is caused by an acidophilic pituitary adenoma that 
secretes excessive amounts of GH. The condition is encoun¬ 
tered most often in middle-aged and elderly, predominantly 

male, cats. Progestins may also induce GH expression in mam¬ 
mary tissue in the cat, but the hormone does not seem to 
reach the systemic circulation. 

Clinical Manifestations 

Signs and symptoms of GH hypersecretion tend to develop 

slowly and are characterized initially (particularly in the dog) 
by soft tissue swelling of the face and the abdomen. In some 
acromegalic dogs severe hypertrophy of soft tissues of the 
mouth, tongue (Figure 235-2), and pharynx causes snoring 
and even dyspnea. Affected dogs may also have polyuria (and 
sometimes polyphagia). The polyuria is usually without glu- 
cosuria, but manifest diabetes mellitus can develop due to 
insulin resistance. Physical examination may reveal thick skin 
folds, (especially in the neck), prognathism, and wide inter¬ 
dental spaces. Prolonged GH excess also leads to generalized 
visceromegaly, which results in abdominal enlargement. 
Laboratory investigations in dogs with acromegaly may demon¬ 
strate hyperglycemia and/or an abnormal glucose tolerance test. 
Plasma alkaline phosphatase activities may also be increased. 
This may, in part, be due to the intrinsic glucocorticoid activity 

of progestins. 


Figure 235-2 The mouth of a 4 -year-old beagle dog with 
progestin-induced GH excess. Note the hyperplasia of the 
gingiva, the widening of the interdental spaces and the relatively 
large tongue 
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responsible for pressure atrophy. Also the finding that the 
ACTH secretion is preserved in German shepherd dwarfs 
argues against cyst formation in Rathke's pouch as the pri¬ 
mary cause of pituitary dwarfism in this breed. It is therefore 
more likely that the disorder is caused by a primary failure of 
differentiation of the craniopharyngeal ectoderm into normal 
tropic-hormone-secreting pituitary cells. In this view in 
German shepherd dwarfs the cyst formation in Rathkes 
pouch is rather a consequence of an underlying genetic defect 
than the cause of dwarfism. 

Clinical Manifestations 

By 2 to 5 months of age, pituitary dwarfs usually have pro¬ 
portionate growth retardation and an abnormally soft and 
woolly hair coat (Figure 235-5), The latter is due to retention 
of lanugo or secondary hairs and lack of primary or guard 
hairs. The lanugo hairs are easily epilated and there is gradual 
development of truncal alopecia, beginning at the points of 
wear. The alopecia typically spares the head and extremities. 
The skin becomes progressively hyperpigmented and scaly. 
Secondary bacterial infections of the skin are quite common. 
In male dwarfs unilateral or bilateral cryptorchidism is common, 
whereas in female dwarfs persistent anestrus is common. These 
abnormalities may be ascribed to the impaired release of 
gonadotropins, 

initially, pituitary dwarfs are usually lively and alert. With 
time the animals develop inappetence and become less active. 
This situation is usually reached at the age of two or three 
years and has been ascribed to secondary hypothyroidism and 
impaired renal function. 9 

Diagnosis 

Although the physical characteristics of pituitary dwarfism 
may be obvious, other endocrine and nonendocrine causes of 
growth retardation and alopecia have to be excluded. 

Routine laboratory examination usually does not reveal 
abnormalities, except for an elevated plasma creatinine con¬ 
centration. GH deficiency is associated with maldevelopment 
of the glomeruli. In addition, renal function may be impaired 
due to a functionally decreased glomerular filtration rate as a 
result of the deficiencies of GH and thyroid hormones. As 
indicated above (see also Figure 235-4) the combined pitu¬ 
itary hormone deficiency includes secondary hypothyroidism. 
Consequently a low plasma i'SH concentration in combina¬ 
tion with a plasma thyroxine level below the reference range 
is a common finding in pituitary dw p arfs. Plasma IGF-1 con¬ 
centrations are also decreased in pituitary dwarfs, even when 
age and body size are taken into account. Nevertheless, a 
definitive diagnosis should rely on measurements of circulat¬ 
ing GH concentration. 

Since basal plasma GH values may also be low in healthy 
animals, the definitive diagnosis GH deficiency is based upon 
the results of a stimulation test. For this purpose GHRH 
(] [Jg/kg body weight) or a-adrenergic drugs, such as cloni- 
dine (10 pg/kg body weight) or xylazine (100 pg/kg body 
weight), can be used. The plasma GH concentration should be 
determined immediately before and 20 to 30 minutes after 
intravenous administration of the stimulant. In healthy dogs, 
plasma GH concentrations should increase at least two- 
to fourfold after administration of the stimulant. In dogs 
with pituitary dwarfism there is no significant rise in circulat¬ 
ing GH concentrations. Supra-pituitary stimulation with 
corticotropin-releasing hormone (CRH), thyrotropin-releasing 
hormone (TRH), and gonadotropin-releasing hormone 

i GnRH) may reveal the presence of other pituitary hormone 
deficiencies. 

Diagnostic imaging of the pituitary area (CT or MRI) often 
reveals the presence of pituitary cysts in dogs with congenital 
GH deficiency In the majority of young dogs with pituitary 


Figure 235-3 Contrast-enhanced CT scanning of the pituitary 

fossa, in a 10-year-old castrated male cat with diabetes mellitus 
and acromegaly showing a large pituitary tumor. (From Rijnberk 
A, editor; Clinical endocrinology of dogs and cars, Dordrecht, The 
Netherlands, 1996, K lu we r Academic Publishers.) 


the three. Medical treatment with drugs such as dopamine 
agonists does not seem to be effective. Long-acting somato¬ 
statin analogues have been shown to lower circulating GH 
levels in a single cat, 9 In others the drug was not effective. 
Therefore due to expense and lack of efficacy it is question¬ 
able whether this drug will be used in clinical practice. The 
development of GH-re cep tor antagonists such as pegvisomant 
used in humans may hold promise for dogs and cats with 
acromegaly Cobalt irradiation may result in temporary 
improvement and in (transient) discontinuation of insulin 
therapy. 10 Transspheniodal hypophysectomy has been per¬ 
formed successfully in cats with hyperadrenocorticism due to 
a pituitary corticotroph adenoma 11 and may also become an 
effective treatment option for cats with acromegaly. 


PITUITARY DWARFISM 


Pathogenesis 

Any defect in the organogenesis of the pituitary gland may 
result in a form of isolated or combined pituitary hormone 
deficiency. Congenital GH deficiency or pituitary dwarfism is 
the most striking example of pituitary hormone deficiency. 
Congenital GH deficiency has been mentioned to occur in 
cats and different dog breeds. 1 - However, the condition is 
encountered most often as a simple, autosomal recessive 
inherited abnormality in the German shepherd dog. Inherited 
pituitary dwarfism in German shepherd dogs is due to com¬ 
bined pituitary hormone deficiency German shepherd dwarfs 
have a combined deficiency of GH, TSH, and prolactin 

together with impaired release of gonadotropins. In contrast, 
ACTH secretion in German shepherd dwarfs is preserved 

(Figure 235-4). 

Originally, pituitary dwarfism in the German shepherd dog 
breed has been ascribed to pressure atrophy of the pituitary 
anterior lobe by cyst formation in Rathke's pouch. Indeed, in 
most German shepherd dwarfs pituitary cysts are present. 
However at a young age German shepherd dwarfs sometimes 

have no or only a very small pituitary cyst, unlikely to be 
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diagnosis of pituitary dwarfism cannot be based solely upon 
the presence of a cyst. 

Course 

The long-term prognosis 
usually poor wi 


dwarfism the pituitary is quite small, in spite of the presence 
of cysts. 13 This is compatible with pituitary' hypoplasia, that is, a 
lack of endocrine cells in the pituitary anterior lobe. As pituitary 
dwarfs age the pituitary cysts become larger. 14 It is important 

understand that healthy dogs, especially brachvcephalic 
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identical to that oi canine GH 1 , and therefore porcine GH is 
an option. 

The recommended subcutaneous starting Jose for heterol¬ 
ogous GH is 0.1 to 0 3 IU per kg body weight three times per 
week for 4 to 6 weeks. Tills treatment may result in GH 
excess and consequently side effects such as diabetes mellitus 
may develop Weekly monitoring ol the plasma concentrations 
of IGF-1 and glucose is therefore of utmost importance. Long' 
term dose rates after the induction period should also depend 
on measurements of the plasma concentration of 1GF-1 
Treatment often does not result in a significant increase in 
body size, because the growth plates in most dwarfs have 
already dosed or are about to close at the time GH treatment 
is initiated ►The hairs that grow back are primary lanugo hairs; 
growth of guard hairs is variable. 12 

The demonstration of the ability of progestins to induce 
the expression of the GH gene in the canine mammary gland 
and the subsequent release of this GH into the systemic cir¬ 
culation has raised the possibility of treating dogs with con¬ 
genital GH deficiency with progestins. Treatment of young 
German shepherd dwarfs with subcutaneous injections of 
medroxyprogesterone acetate in doses of 2.5 to 5.0 mg per kg 
body weight, initially at 3-week intervals and subsequently at 
6-week intervals! has resulted in some increase in body size 
and the development of a complete adult hair coat. Parallel with 
the physical improvements, plasma IGF-1 concentrations rose 
sharply, whereas plasma GH concentrations did rise but never 
exceeded the upper limit of the reference ranged 4 Also treat¬ 
ment of pituitary dwarfs with proljgestone has been reported 
to result in the development of an adult hair coat, increased 
body weight, and elevated plasma 1GF-J concentration. 16 

Treatment of dogs with congenital GH deficiency with 
progestins may give rise to side effects, such as recurrent peri¬ 
ods of pruritic pyoderma and, infrequently, development of 
mammary tumors. As with the treatment using heterologous 
GH, monitoring of the plasma concentrations of IGF-1 and 
glucose is important to prevent diabetes mellitus and 
acromegaly Bitches should be ovariohysterectomized before 
the start of the progestin treatment, to prevent development 
of cystic endometrial hyperplasia. Finally, thyroid hormone 
replacement should be part of the treatment schedule. 
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Figure 235-5 A 6-month-old female German shepherd dog 

with growth retardation, retention of secondary hairs [puppy 
coat], and lack of primary hairs due to pituitary dwarfism. 




the animal has usually become a bald, thin, and dull dog. 
I hese changes may be due to (1) progressive loss of pituitary 
functions, (2] continuing expansion of pituitary cysts, and 
[3] progressive renal failure. At this stage owners usually 
request euthanasia for their dog, if they have not done so long 

before this,- 1 

Treatment 

The long-term prognosis for German shepherd dwarfs is poor 
primarily because of the lack of an adequate therapy. Canine 
GH is not available for therapeutic use and hence there have 
been attempts to treat dogs that have congenital GH defi¬ 
ciency with porcine or human GH. However, antibody for¬ 
mation precludes the use of biosynthetic human GH. 15 As 
indicated above the amino acid sequence of porcine GH is 


CHAPTER 


Diabetes Insipidus 


Ad Rijn berk 


iabetes insipidus refers to the passage of large quanti¬ 
ties of dilute urine and is actually synonymous with 
polyuria. In central diabetes insipidus the polyuria 
results from a lack of sufficient vasopressin to concentrate 
urine. The disease is characterized by three primary findings; 
(1) dilute urine despite strong osmotic stimuli for vasopressin 
secretion, (2) absence of renal disease, (3) a rise tn urine osmo¬ 
lality following the administration of vasopressin. 
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Vasopressin is released by the posterior lobe or neurohypoph¬ 
ysis, which is an extension of the ventral hypothalamus, 
Together with the other neurohypophyseal hormone oxy¬ 
tocin, vasopressin is synthesized in both the supraoptic and 
paraventricular nuclei of the hypothalamus, from which axons 
extend through the pituitary stalk to the posterior pituitary. 
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to corticosteroid-induced polyuria (Figure 236-1). 1 Even 
physiologic increases in cortisol inhibit basal vasopressin 
release in dogs. 2 Although much less pronounced than in the 
dog, also in humans with hyperadrenocortidsni, there is 
decreased ability to concentrate urine. Interferences of gluco¬ 
corticoids with vasopressin action, similar to those in dogs, 
have been reported in man. 3 


The hormones vasopressin and oxytocin are formed by sepa¬ 
rate neurons and migrate down the axons as part of precursor 
proteins. They are stored in secretory granules within the 
nerve terminals in the neurohypophysis and are released by 
exoeytosis into the bloodstream in response to appropriate 
stimuli. As in most mammals, in dogs and cats arginine-vaso¬ 
pressin (AVP) or antidiuretic hormone (ADH) (in pigs; lysine- 
vasopressin) plays a vital role in water conservation. Oxytocin 
stimulates uterine contractions and milk ejection. 

The nonapeptide AVP is synthesized as part oi a large 
precursor molecule that is composed of a signal peptide, the 
hormone, a earner protein termed neurophysin and a glycopep- 
tide. The major determinant of the release of vasopressin is 
plasma osmolality. In addition, significant changes in circulating 
blood volume may influence the setting of the osmoregula¬ 
tion. Specialized neurons called osmoreceptors are concen¬ 
trated in the anterolateral hypothalamus, which is near hut 
separate from the supraoptic nuclei.This area is supplied with 
blood by small perforating branches of the anterior cerebral 
arteries. The major role of vasopressin is to regulate body fluid 
homeostasis by affecting water reabsorption, The antidiuretic 
effect is achieved by promoting the reabsorption of solute- 
free water in the distal and collecting tubules of the kidney. 
The cellular mechanism of AVP activity in the renal tubule 
involves binding to specific contraluminal V^-receptor sites, an 
adenylate cyclase response, and phosphorylation of membrane 
proteins that lead to transient insertion of water channels in 
the luminal membrane of the cell In the presence of these 
channels water molecules can move passively along an 
osmotic gradient, that is, from the distal and collecting tubules 
to the hypertonic renal medulla. 

Cations, drugs, and hormones can influence the action of 
AVP and thereby cause polyuria. Calcium inhibits the adeny¬ 
late cyclase response to vasopressin. Glucocorticoids also 
interfere with the action of AVP, although in dogs loss of 
reactivity of the osmoreceptor system also seems to contribute 
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Insufficient AVP release may he caused by defects at several 
functional sites in the chain of events that regulates discharge 
of the hormone into the blood. As a result, different forms of 
central diabetes insipidus can he distinguished. In dogs and 
cats only two forms have been recognized: complete and par¬ 
tial central diabetes insipidus. In the first type there is very 
little rise in urine osmolality with increasing plasma osmolal¬ 
ity. These animals are essentially devoid of releasable AVP 
(Figure 236-2), In the second type AVP is released with 
increasing plasma osmolality but is subnormal in amount 
(Figure 236-3). In some cases this moderate AVP release only 
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Figure 236-2 The effect of water deprivation on body weight, 
plasma osmolality (Posmj and mine osmolality (IJosm) in a 
4-year-old castrated male cat with a history of head trauma. 
The arrow represents an injection of aqunus vasopressin (lysine- 
vasopressin, l.VP). In tins case the dehydration-induced rise m 
Posm did not lead to an increase in Uosrn This in combination 
with the sharp rise in Uusm following vasopressin administration 
justified the diagnosis of complete central diabetes insipidus. 

(Redrawn from Rijnherk A, editor; Clinical tfmlocrirwtagy oj doffi 
ami cats, Dordrecht/Boston, \ l )96. Kluwer Academu Publisher*) 
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Figure 236-1 Relation of plasma vasopressin {Pavp) to plasma 
osmolality in nine dogs with pituitary-dependent hyperadrciio- 
cortkism (■ | and six dogs with byperadremit.orticism due to an 
ad re n cortical tumor (Nf) during hypertonic saline infusion. 1 he 
gray area represe 1 its the range in healthy dogs. 1 (Kedrawn Irom 
Rijnberk A, editor: Clinical endocrinology of clogs and cats, 
Dordrecht/Boston, 1996, Kluwer Academic Publishers,} 
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Endocrine Disorders 
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immediately after surgery and in the large majority of cases 
disappears spontaneously after periods of days to months When 

ih»_ p i tu. ±y Sidtiv u Sc*_ti 

grade degeneration of the hypothalamic neurons, the central 
diabetes insipidus may be permanent. Finally, there is the pos¬ 
sibility oi the so-called idiopathic form. This term is used in 
cases of central diabetes insipidus in which no lesion in the 
hypothalamic and/or pituitary region can be demonstrated, 
1 his diagnosis is most common in young animals, although 
the course of the disease and/or the autopsy may eventually 
reveal a lesion that could not be identified initially/ 3 
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CLINICAL MANIFESTATIONS 
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The major manifestations are polyuria, polydipsia, and 
continuous demand for water. These clinical signs may be 
sudden in onset and the maximum urine flow reached in I 
2 days. In severe cases water intake and urine volume may be 
immense and require micturition almost every hour through¬ 
out day and night. However, in the incomplete forms the urine 
volume may be only moderately increased. In the 
the enormous water intake may interfere with food intake and 
result in weight loss. Animals in which a large neoplasm is the 
underlying cause may have additional neurologic signs. 

The urine concentration will be below that of plasma 
[specific gravity [SG] <1.010 and urine osmolality [Uosm] 
<290 mosmol/kg), but in the mild cases higher osmolalities 
(up to 600 mosmol/kg) may be found. Blood examination 
usually does not reveal abnormalities except for a slight 
hypernatremia due to commonly inadequate replenishment 
of the excreted water. When water is withheld from animals 
with the complete form of the disease, they develop within 
few hours a life-threatening hypertonic encephalopathy (plasma 

sodium [PNa + ] > 170 mmol/1; Posm >375 mosmol/kg], ini¬ 
tially characterized by ataxia and stupor. This situation may 
also be encountered when the causative lesion extends to the 
thirst center and adipsia develops/ 4 
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Figure 236-3 In a 5-month-old mongrel dog presented for 

polyuria, water deprivation led to a slow, subnormal rise in urine 
osmolality (Uosm), At maximal Uosm, that is, when a "plateau" 
was reached, vasopressin (lysine-vasopressin, LVP] administration 
caused a 60% increase in urine osmolality. These observations 
compatible with partial central diabetes insipidus, (Redrawn from 
Rijnberk A, editor: Clinical endocrinology? of clogs and 

Dordrecht/Boston, 1996, Kluwer Academic Publishers.) 


DIFFERENTIAL DIAGNOSIS 


Apart from central diabetes insipidus there arc in principal 
only two basic disorders that can account for the polyu 
These disorders are (1) primary polydipsia and (2) nephro¬ 
genic diabetes insipidus. Primary polydipsia is said to occur in 
hyperactive young dogs that are left alone during the day for 
many hours or have gone through significant changes in their 
environment. It has been observed that placing of the animal 
in a completely different environment may stop the problem. 
In these dogs during serial measurements urine osmolality 
spontaneously may reach values greater than 1000 mosm/kg. 
This hnding can be regarded as diagnostic and precludes th 
need for a w'ater deprivation test/ 5 

Dogs fulfilling the commonly accepted criteria of primary 
polydipsia may exhibit abnormalities of vasopressin release. It 
is not clear whether these changes in vasopressin secretion are 
the result of the polydipsia and polyuria or may play a 

causative role/ 5 

There are a few individual case reports of congenital 
nephrogenic diabetes insipidus, the condition in which the 
kidney tubules are insensitive to the action of antidiuretic hor¬ 
mone, Familial occurrence has been documented in huskies, in 
which the defect could be ascribed to a mutation affecting the 
affinity of the VS receptor for ligand. 16 

However, in addition to these two basic and infrequently 
encountered differential diagnoses, a wide variety of conditions 
cause polyuria. In the young animal this may be congenital 
kidney disease, whereas at all ages acquired kidney disease may 
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starts at rather high plasma osmolality values and therefore it 
may be said that not only is the secretory capacity limited but 
that there is also a high setting of the osmoreceptor 

Among the lesions leading to impaired vasopressin release, 
an intracranial tumor is a likely cause in middle-aged and old 
animals. This is most often a primary pituitary' neoplasm, but 
a craniopharyngioma or a meningioma may also be the 
causative lesion. 4 ' 7 Metastatic lesions and inflammatory and 
parasitic lesions may also cause central diabetes insipidus. 
Severe head injury, usually associated with fractures of the 
skull, is a rare cause in dogs and cats (see Figure 236-2); spon¬ 
taneous remission may occur, probably because of regenera¬ 
tion of disrupted axons in the pituitary stalk. 9 There is also a 
report on a dog with evidence for the combination of anterior 
pituitary' hormone deficiency and diabetes insipidus; in this 
case the pathogenetic significance of the head trauma at early 
age was unclear/ 0 

An increasingly common cause of central diabetes insipidus 
is pituitary surgery/ 1 17 The diabetes insipidus develops 
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In complete diabetes insipidus Uosm will rise by 50% or more 
following the administration of vasopressin, whereas in the 
partial forms of central diabetes insipidus the rise will be 
greater or equal to 15%, and in nephrogenic diabetes insipidus 
there will be very little or no rise in Uosm (see Figures 236-2 
and 236-3). Probably in part due to the indirect character oi 
the test, the results may not always be conclusive.- 7 

A more direct way to differentiate between the three basic 
causes of polyuria rests on the measurement of plasma vaso¬ 
pressin during osmotic stimulation by hypertonic saline infu¬ 
sion (Figures 236-1 and 236-6). 78 The euhydrated animal is 
infused for 2 hours through the jugular vein with 20% NaCl 
solution at a rate of 0 03 mL/kg body weight per minute. 
Samples for plasma (arginine) vasopressin (A\ P) and plasma 
osmolality are obtained at 20-mmute intervals. In the severely 
polyuric animal there is the risk of inducing critical hyper- 
tonicity. The test requires close observation of the animal and 
monitoring of plasma osmolality. This, and the fact that vaso¬ 
pressin is sensitive to proteolytic breakdown, make it advis¬ 
able that the test is performed in institutions that have 

developed experience with the test. 

As in humans this approach can improve the diagnostic 
accuracy. The advantage is not in the severe forms ol central 
diabetes insipidus, as in these conditions the standard indirect 
test will give a correct diagnosis. In all other categories of 
polyuria (j.e,, in animals that concentrate their urine to vari¬ 
ous degrees during dehydration), the indirect test may he less 
reliable- Dogs in which the polyuria had initially been 
attributed to renal disease or to primary' polydipsia proved to 
have partial central diabetes insipidus in the direct test. 
However, with regard to primary polydipsia some reservation 
in the interpretation is needed, as it has been demonstrated 
for humans that this chronic overhydration downregulates the 
release of AVP in response to hypertonicity. 28 As indicated 
above, also in dogs with so-called primary polydipsia there are 
indications for abnormalities in vasopressin release, 15 

The use of this direct approach has been limited so far, but 
it is worth considering in the few unresolved cases that remain 
after exclusion of the many other causes of polyuria (see 
Figure 236-4). It is often a question of whether the animal 
must endure for many years a life hampered by thirst, a large 
bladder, and unwanted behavior. 


lead to polyuria. Especially in the middle-aged and elderly 
animals endocrine conditions such as diabetes mellitus, hyper- 

hvneraldosteronism 17 , hvoerthvroidism, 


adren ornrt i r \ , 

pyometra, progestin-induced (luteal phase) growth-hormone 

hyperparathyroidism, hypercalcemia of malignancy, 
tumor-associated polyuria 19 , and the syndrome of inappropriate 

secret!on 2(1 have to be considered. In several of these 
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excess 




vasopressin 

conditions impaired release of vasopressin and/or interference 
with its action may play a role in the polyuria (see earlier and 
Figure 236-1). This has been documented for conditions such 

as hyperadrenocorticism, hepatoencephalopathy and poly¬ 
cythemia. 1 2122 In polycythemia it is likely that increased 
blood volume causes the impairment of vasopressin release 
This range of possibilities may make it a difficult task to come 
to a diagnosis in an animal with polyuria. The algorithm pre¬ 
sented in Figure 236-4 may be helpful. 
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Urine osmolality (161-2830 mOsm/kg) and urine specific 
gravity (1 006->L050) vary widely among healthy pet dogs. 

In some dogs urine osmolality fluctuates considerably during 
the day and values close to plasma osmolality may be reached 
(Figure 236-5), There is experimental evidence that water 
consumption increases with food intake and exercise.- 4 For 

pie, with dry food, dogs consumed 40% of the total daily 
water intake during 2 hours after food intake. After treadmill 
running for 30 minutes w r ater intake was higher than the 
water losses during the excercise. 24 However, it is unlikely that 
the sometimes strong fluctuations in urine osmolality of pet 

be explained solely as an effect of 
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dogs during the day can 

feeding. There may be individual differences in early satiation 
of thirst, as mediated through oropharyngeal receptors. 

Apparently, in most pet dogs, low urine osmolalities are 
associated with sufficiently high urine osmolalities at other 
times of the day so that the owners do not perceive their dog 
to be polydipsic or polyuric. However, in other dogs the situ¬ 
ation may be more pronounced and the animals are brought 
to the veterinarian because of polyuria and polydipsia. 2 ^ Some 
of these animals may he recognized as having primary' poly¬ 
dipsia (see above, section differential diagnosis). Therefore it 
is advisable to start the evaluation of dogs with polyuria by 
pealed measurements of urine osmolality and/or urine spe¬ 
cific gravity' during the day. As in humans, this approach may 

limit further clinical studies, 2 - 

Thc water deprivation test combined with vasopressin 
administration 26 , as exemplified in Figures 236-2 and 236-3, is 

commonly used for differentiation of the causes of 
polyuria. The test is difficult to perform correctly, unpleasant 
for the animal, relies heavily on the emptying of the bladder, 
and is indirect because changes in urinary concentration 
used as an index of vasopressin release. Furthermore, the stim¬ 
ulus to vasopressin release is a combination of hypertonicity 
d hypovolemia, especially towards the end of the period of 

dehydration. 

Briefly the procedure is as follows: After 12 hours of fast¬ 
ing, water is withheld and plasma and urine are collected 
every hour or every 2 hours, depending on the severity oi the 
polyuria. Osmolality' is measured in both samples. At each 
collection, the animal is weighed. When the weight loss 
pproaches 5% of initial body weight, the test should be 
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TREATMENT 


As for almost all peptides, orally administered vasopressin is 
ineffective. Aquous (lysine) vasopressin may be administered 
subcutaneously in doses of 2 to 5 U. It will act tor only about 
3 hours. Nevertheless a good response has been reported in 
one dog, which received 5 U each 48 hours. 6 

The vasopressin analogue desmopressin, (DDAVP, 1-deamino, 
9-D-arginine vasopressin)\ provides antidiuretic activity lor 
about 8 hours. One drop (1.5 to 4 pg) placed twice daily in 

the conjunctival sac sufficiently controls the polyuria in most 
dogs with central diabetes insipidus. With the administration 
of three drops a day the urine production usually returns to 
normal, but some owners (in part for financial reasons) prefer 
to apply the drug only twice daily. In one report on a cat with 
partial diabetes insipidus the effect of conjunctjvaily adminis¬ 
tered desmopressin was described as poor, which might have 
been due to incorrect placement because of the cat s Strug- 

With the injectable preparation (4 pg once a day or 
12 hours) of desmopressin the water consumption 
could be adequately controlled. The analogue can also be 
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stopped. When, in the presence of an adequate osmotic stim¬ 
ulus {Posm >305 mOsm/kg), urine concentration is maximal 
(less than 5% increase in Uosm between consecutive collec¬ 
tions), (lysine) vasopressin or a vasopressin analogue such 

DDAVP (see below') is administered. 

In both nephrogenic diabetes insipidus and central diabetes 
insipidus Uosm will remain low' during w r ater deprivation. 
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Figure 236-6 Relation of plasma vasopressin with plasma 

osmolality (Pavp) during hypertonic saline infusion in two dogs 
with central diabetes insipidus caused by pituitary tumor/ 3 See 

also legend to Figure 236-1. (Redrawn from Rijnberk A, editor; 
Clinical endocrinology' of dogs and cats, Dordrecht/Boston, 1996, 
Kluwer Academic Publishers,) 


Clock hours 

Figure 236-5 Fluctuation of Uosm during the day in a 

9^-year-old castrated male Sehnauzer (interrupted line) and a 
female 7Va-year-old Belgian Shepherd (uninterrupted line), 
(Redrawn from Van Vonderen IK ct a!: Intra- and interindividual 
variation in urine osmolality and urine specific gravity in healthy 
pet dogs of various ages, J Vet Intern Med 11:30, 1997,) 


effective when administered as tablet: one-half tablet of 0,1 or 
0.2 mg, two or three times per day, depending on the size of 
the animal and the effect. 

In dogs and cats undergoing hypophysectomv the adminis¬ 
tration of desmopressin is begun immediately after surgery. In 
healthy dogs this prevents hypernatremia, 31 In dogs hyp-op hy- 
sectomized for pituitary-dependent hyperadrenocorticism 
mild hypernatremia may occur in the first 24 hours after 
surgery, despite prophylactic administration of desmopressin. 
This is probably related to the fact that in these dogs the 
hypercortisolism-induced vasopressin resistance is msuffi- 
ntly compensated in the postoperative period by infusions 

and water intake, 11 

In cases of polyuria, in which all of the above mentioned 
differential diagnoses have been excluded, including central 
diabetes insipidus, the suspicion of nephrogenic diabetes 
insipidus may arise; a rare congenital disorder. Such cases have 
been treated with thiazide diuretics and a low-sodium diet. 
Oral administration of hydrochlorothiazide (2 to 4 mg/kg 
twice daily) and a 

volume, albeit probably without significant change in urine 
osmolality, h is thought that the thiazide diuretic and the low 


sodium diet reduce plasma sodium concentration. This would 
decrease the stimulation of the thirst center and consequently 
the water intake. This may lead to extracellular volume con¬ 
traction, a decreased glomerular filtration rate, increased prox¬ 
imal tubular sodium and water reabsorption, and decreased 
delivery of water to the distal tubule. The net effect is a reduc¬ 
tion in urine volume. 32 


PROGNOSIS 


tie 


In the absence of a neoplastic lesion the long-term prospects 
for cases with central diabetes insipidus are good. With appro¬ 
priate treatment the animals become asymptomatic. 
Untreated animals with the complete form are always at risk 
of developing life-threatening dehydration when left without 
water for longer than a few hours. Animals with diabetes 
insipidus due to a pituitary tumor may lead acceptable lives 
for many months until the lesion has reached such size that 

neurologic signs develop. 


low-sodium diet may decrease urine 


Figure 236-4 In the first part ci this algorithm the approach of the problem polyuria/polydipsia (pu/pd) is based upon the information 
from history. As a second step urinalysis has been introduced as it may happen that an animal presented with a seemingly convincing his¬ 
tory of pu/pd has only pd because the owner has changed the food to dry iood. As indicated in the text, it may be advisable at this stage 
to ask the owner for urine collections at 2-hour intervals. When the routine clinical chemistry has not revealed a specific suspicion, tests 
such as svater deprivation and hypertonic saline infusion with AVP measurements may be needed. (Redrawn from Rijnberk A, editor: 
Clijncal endocrinology of dogs and cats, Dordrecht/Boston, 1996, Kluw'er Academic Publishers.) 
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CHAPTER 


Disorders of the Parathyroid Glands 


Edward C Feldman 


he parathyroid glands and their production of parathyroid 
hormone (PTH) control serum calcium concentrations. 
Dogs and cats normally have four glands (two pairs). Two 
glands are anatomically closely associated with each thyroid 
lobe. Primary parathyroid gland disorders involve excess 
secretion of PTH (primary hyperparathyroidism [PHPTH]) 
or deficiencies of PTH secretion (primary hypoparathy¬ 
roidism). Both conditions are relatively uncommon, but 
PHPTH is diagnosed at a much greater frequency than its 
counterpart. Further, hypercalcemia is diagnosed relatively 
frequently in dogs, and the first challenge for the veterinarian 
is appreciating the differential diagnosis for hypercalcemia 
and then diagnosing the specific condition causing this bio- 
chemical abnormality in an individual dog or cat (Box 237-1), 


more than one gland, adenomatous hyperplasia of one or 
more parathyroid glands, and parathyroid carcinomas have 
heen identified in both dogs and cats. By contrast, other forms 
of hyperparathyroidism (e,g,, renal or nutritional secondary 
hyperparathyroidism) are usually the result of nonendocrine 
alterations in calcium and phosphorus homeostasis. Such dis¬ 
turbances indirectly affect the parathyroid glands, causing dif¬ 
fuse hyperplasia. However, in these conditions the secretion of 
PTH is not autonomous. The hyperplasia' occasionally diag¬ 
nosed in the primary condition (PHPTH) is a condition asso¬ 
ciated with autonomous secretion of PTH. Therefore 
histologic descriptions may not indicate primary autonomous 
from secondary secretory patterns. Depending 
serum calcium concentrations in secondary disorders may 
range from low to normal to increased. PHPTH is virtually 
always associated with hypercalcemia, 

Potho physiology 

Calcium-Parathyroid Hormone Feedback System Serum 
calcium is the major factor in regulation of PTH secretion. In 
normal animals, an inverse Unear relationship exists between 
serum calcium and PTH concentrations, 3 In other words, as 
calcium concentrations in the serum decrease, PTH secretion 
is stimulated to maintain serum 
some specific level. The system functions as if there 
calciostat" that operates at a serum calcium concentration set 
point of about 10.5 to 11.5 mg/dL, When serum calcium con¬ 
centrations decrease below these levels, the rate of PTH secre¬ 
tion increases; w^hen the serum calcium concentration exceeds 
the set point (as might occur after intake of a high-calcium 
meal), PTH secretion is suppressed. In PHPTH, norma] 
negative-feedback homeostatic control is lost, and PTH secre¬ 
tion becomes chronically increased. T his appearance of 
'autonomous secretion may be a change in the "set point.' 
The autonomous secretion of PTH is not suppressible by the 
increased concentration of calcium perfusing the parathyroid 
glands. Conversely, in secondary' hyperparathyroidism, secre¬ 
tion by the parathyroid glands is normally suppressible by 
increased concentrations of calcium. 

Severe Hypercalcemia Hypercalcemia develops when the 

entry of calcium into the extracellular fluid (regardless of the 
source) overwhelms mechanisms that maintain normocalcemia, 
One such mechanism is suppressed secretion of PTH, a pro¬ 
cess obviously negated when the cause of hypercalcemia is 
autonomous secretion of PTH or a molecule w ith similar bio¬ 
logic activity. In cancer-associated hypercalcemia, the secretion 
ol PTH is suppressed, but the humoral factor that activates 
osteoclasts is the autonomous secretion of a parathyroid 
hormone-related protein (PTHrP). PTHrP is a protein with a 
structure and biologic activity' quite similar to that of PTH. 4 5 

In the setting of accelerated bone resorption, the kidney is 
the principal defense against hypercalcemia.** When renal and 
endocrine function is normal, any tendency for a rise in serum 
calcium is attenuated by increased urinary excretion of cal¬ 
cium, This process is inhibited by PTH in PHPTH or by 


T 


on cause 


PRIMARY HYPERPARATHYROIDISM AND 
HYPERCALCEMIA IN DOGS 


Cause 

The essential disorder in PHPTH is the excessive synthesis 
and secretion of PTH by abnormal, autonomously functioning 
parathyroid "chief' cellsT 2 The cause of this hormonal excess 
is usually a solitary parathyroid adenoma, but an adenoma of 


calcium concentrations at 


were a 


Box 

Differential Diagnosis of Hypercalcemia 


Common 

Lymphosarcoma 
Hypoadrenocorticism 
Primary Hyperparathyroidism 
Chronic renal failure 


Uncommon 

Apocrine gland carcinoma of the anal sac 
Multiple myeloma 
Vitamin D toxicosis 


Uncommon to Rare 

Spurious 

Hem ©concent rat i on 
Carcinomas: 

lung, mammary, nasol, pancreas, testicle, thymus, 
thyroid, vagina 
Acute renal failure 

Nutritional secondary hyperparathyroidism 
Granulomatous disease 

blastomycosis, histoplasmosis, schistosomiasis 
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PTHrP in hypercalcemia of malignancy. These hormones 
induce osteoclast-mediated bone resorption, intestinal absorp- 
tion of calcium, and renal tubular reabsorption ol calcium. 
This impairs the ability of the kidneys to excrete the increased 

S 4- frfi rJ I r—l r^j jJ if" 8 * rti I 
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lack the first lines of defense against hypercalcemia. The 
hypercalcemic state also interferes with renal mechanisms for 
reabsorption of sodium and water, leading to polyuria. This is 
due to an acquired inability to respond to antidiuretic hor¬ 
mone (ADH)—in essence, a reversible form of nephrogenic 
diabetes insipidus In PH PTH, hypercalcemia is enhanced by 
the increased production of vitamin D and by a decrease in 
the amount of serum phosphate available to form complexes 
with serum ionized calcium. The result is a decreased 
tubular reabsorption of phosphate, hyperphosphaturia, and 
hypophosphatemia. These actions are responsible for the 
development of the biochemical triad classic for PHPTH: 
hypercalcemia, hypophosphatemia, and hyperphosphaturia. 


NUMBER OF DOCS PERCENT OF DOGS 


BREED 




26 % 


Keeshond 
Labrador retriever 
Cocker spaniel 
German shepherd dog 

Golden retriever 
Springer spaniel 
Standard poodle 
Shih Tzu 

Australian shepherd 
Rhodesian ridgeback 
Doberman pinscher 


48 




10 % 


18 




7 % 


14 


7 % 


14 




6 % 


12 


5% 


9 


4% 


8 


4% 


8 


4% 


7 


3% 


6 


3% 


6 


Signal merit 

Age and Gender PHPTH is typically diagnosed in older 
dogs and appears to be much less common, or at least less fre¬ 
quently diagnosed, in cats. The mean age of the 187 dogs with 
PHPTH seen at our hospital is 11.2 years, with a range of 4 to 
17 years (Figure 237-1], More than 95% of the dogs are 7 

years of age or older. No apparent sex predilection exists. 

Breed Reliable information regarding breed predisposition 
for any disorder requires sophisticated epidemiologic evalua¬ 
tion. To the author's knowledge, such an investigation has not 
been undertaken with respect to canine PHPTH, Regardless, 
it is reasonable to point out that the Keeshond is far from 
being the most popular breed of dog, as opposed to poodles, 
German shepherds, retrievers, and the like. In spite of this 
relative lack of popularity, 48 of the 187 dogs (26%) in our 
series have been Keeshonden. The other breeds represented 
three or more times in series include Labrador retrievers, 
German shepherd dogs, Cocker spaniels, golden retrievers, 
springer spaniels, Shih Tzu, poodles, Australian shepherds, 
Rhodesian ridgebacks, Doberman pinschers, and mixed breed 

dogs (Table 237-1). Several of these breeds, however, are 
simply popular. Whether or not breed predispositions exist 
awaits epidemiologic evaluation. However, two points should 


be made. First, the Keeshond is over-represented; second, dogs 
of any breed or mixed breeding and any age from 4 years of 
age and older can be afflicted by this condition. 

Hereditary Disease Hereditary neonatal PHPTH was 
reported in two German shepherd dogs. s The incidence of this 
syndrome in puppies and young dogs must be quite rare 
because no other report of neonatal disease has appeared in 
the literature. Our series of dogs with PHPTH does not 
include any less than 4 years of age. 

Anamnesis: Clinical Signs 

Genera/ Clinical signs due solely to hypercalcemia, when 
observed by an owner, are mild in most dogs.-* The only con¬ 
dition that has hypercalcemia as the sole problem is PHI ! H, 
The most common signs associated with PHPTH include 
polyuria, polydipsia, decreases in appetite, decreases in body 
weight, decreased activity (muscle weakness?), and signs 
related to stones or infection within the urinary tract. Other 
signs reported secondary to hypercalcemia include the gas¬ 
trointestinal (GI) signs of anorexia, vomiting, constipation, 
and, rarely, pancreatitis. Signs associated with the central ner¬ 
vous system i'CNS) include mental dullness, obtundation, and 
even coma. One dog with PHPTH had ataxia and circling that 
resolved after resolution of the PHPTH. Again, clinical signs 
in dogs with PHPTH are almost always mild or not noticed. 
When a dog with hypercalcemia has worrisome signs, it 
almost always has a disease other than PHPTH, These worri¬ 
some signs therefore are almost always associated with the 
underlying cause for the hypercalcemia (e.g., cancer, renal fail¬ 
ure, hypoadrenocorticism, toxin). 

The mildest form of PHPTH may not be associated with 
any signs, and the hypercalcemia is identified serendipitous! y 
only after a standard biochemical panel has been obtained and 
reviewed. This is certainly true in humans, in w r hom occult pri¬ 
mary hyperparathyroidism is more prevalent than the symp¬ 
tomatic form of the disorder? 0 J3 When clinical signs in dogs 
do develop, they initially tend to be mild, insidious, and non¬ 
specific. Most owners are unaware of specific clinical signs. 
It is not until their pet has been treated for PHPTH that 
owners, retrospectively, realize that their dog had signs. It is 
this concept that resulted in an editorial suggesting that all 
people w'ith PHPTH be treated, because they may appreciate 
their illness that they have been ill until their disease has 
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Figure 237-1 Age distribution of 78 dogs with primary hyper¬ 
parathyroidism. The mean age at the time of diagnosis was 

10.5 years. {From Feldman EC, Nelson RW: Canine and Feline 
Endocrinology and Reproduction 

WB Saunders Co, 2004.) 
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Table 237 


Table 


Frequency of Clinical Signs Reported in 168 Dogs with 
Naturally Occurring Primary / iyperpa rathvro id ism 


Duration of Clinical Signs in 168 Dogs with 
Naturally Occurring Primary Hyperparathyroidism 


DURATION (MONTHS) 


PERCENT OF DOCS 


SIGN 


PERCENT OF DOGS 


Polyuria/polydipsia (PU/PD) 

Listlessness 

Incontinence 

Weakness, exercise intolerance 
Inappetence 

Urinary tract signs (straining, blood, 
frequency) 

Muscle wasting 
Vomiting 
Shivering 
Constipation 
Stiff gait 


<1 


19 % 


81% 


1-3 


20 % 


53% 


3-6 


19% 


47% 


6-12 


24% 


47% 


>12 


18% 


37% 


29% 


17% 


12 % 


10 % 


been resolved. 14 In our series of dogs with PH PTH, 35% had 

clinical signs related to PHPTH for more than 6 months and 
alt, either retrospectively or prospectively, had signs for at 

least 1 month (Table 237-2 (. The clinical signs attributable to 
PHPTH and hypercalcemia usually involve one, two, or all 
three of these organ systems: renal, GI, or neuromuscular 

(Table 237-3). 

Renal: Kidneys f Bladder, and Urethra 

Polydipsia, polyuria, or both The most common clinical 
signs in dogs with PHPTH (152 ol 187 dogs; 81%) 
polyuria, polydipsia, and urinary incontinence (see Table 237-3). 
These signs are a result of impaired renal tubular response to 
ADH and impaired renal tubular resorption of sodium and 
chloride. Together, these alterations account for a significant 
increase in urine volume and are a direct result of hypercal¬ 
cemia. This acquired and reversible form of nephrogenic dia¬ 
betes insipidus causes the production of relatively dilute, 
solute-free urine. Compensatory polydipsia develops to main¬ 
tain normovolemia. Surprisingly, the polydipsia and polyuria 


6 % 


5% 


either are not observed or are thought to be mild by most 
owners but are obvious on review of randomly obtained urine 
specific gravities (USGs), These specific gravities were much 
more dilute than would have been expected from owner com¬ 
ments. Of 187 dogs with PHPTH, 46 (24%) had USGs of 
1.001 to 1.007; 69 dogs (38%) had USGs that were in the 
is ost hen uric range of 1.008 to 1.012; 60 dogs (32%) had 
USGs of L013 to ] .020; only eight had values of 1.021 to 
1.030 and 4 greater than 1.030, Thus 94% of dogs with 
PHPTH had USGs less than or equal to 1.020 (Table 237-4). 

Urinary tract calculi or infection Another of the more 
common causes for ow r ner concern in dogs with PHPTH was 


are 


Serum BLJN, Creatinine, and Phosphate Concentrations and Urine Specific Gravities at the Time of Primary 

Hyperparathyroidism (PHPTH) Diagnosis in 187 Dogs * 


BUN 


SERUM CREATININE 
(mg/dL) 


SERUM PHOSPHATE 
(mg/dL) 


URINE SPECIFIC GRAVITY 
(USG) 


(mg/dL) 


Reference 

range 
Mean 
(PHPTH 

dogs) 

Range 
(PHPTH 
dogs) 

Breakdown of Values # Dogs % Dogs 

individual 
results 


18-28 


0.5-1.6 


3.0-6,2 


17.1 


1.0 


2.8 


1.011 


4-92 


1.002-1,039 


0,3-4,1 


1 . 1 - 6.9 


Va I u es 


# Dogs % Dogs Values # Dogs % Dogs Values 


# Dogs % Dogs 


<10 


9 


5 


<.5 


2 


1 


<2 


20 , 11 


< 1.007 
1,008-1.012 
1,013-1.020 
1.021-1.030 
1031-1.039 


46 


24 


112 


11-17 

18-22 

23-28 

29-47 


60 


0 . 6 - 0.9 
10 - 1.6 
17-2.0 
2.0-3.0 
>3.0 


84 


45 


20-2.9 

3.0-3.9 
40-4.9 
5.0-6.2 


99 


53 


69 


37 


39 


21 


96 


51 


50 


27 


60 


32 


18 


10 


3 


2 


12 


6 


8 


4 


8 


4 


2 


1 


0.5 


5 


3 


4 


>47 


1 


1 


0,5 


> 6.2 


1 


* Reference range and mean values from the PHPTH dogs and arbitrary data listed. 
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Clinical Pathology: Hemogram, Serum Biochemical 
Profile, and Urinalysis 

No typical hemogram abnormalities have been identified in 

dogs with PH PTH, 


observation of clinical signs consistent with urinary tract 
infection, calculi, or both These signs included frequency, 
urgency, incontinence, hematuria, stranguria, or apparent 

urinary obstruction. At some time in the year preceding 
diagnosis, 123 of 168 owners (73%) had seen at least one 
ot these clinical signs in their dogs, bixty-one ot lb/ 
(33%) PH PTH dogs had uroliths, and 46 dogs (24%) had a 

urinary tract infection at the time of diagnosis. 

Listlessness, Depression, and Decreased Activity 

Listlessness or decreases in activity were observed in 99 (53%) 
of 187 dogs with PH PTH. Increased serum calcium concentra¬ 
tions depress die excitability ot central and peripheral nervous 
tissue, which may be responsible for this clinical manifesta¬ 
tion. Alternatively, these clinical signs may be a reflection of 
muscle weakness. Humans with this disorder may exhibit 
nonspecific neurologic abnormalities that include impaired 
mentation, mental depression, hypoactive deep tendon 
reflexes, and loss of pain perception. 

Weakness and Muscle Wasting Weakness or exercise 
intolerance was observed in 88 (47%) of 187 dogs with 
PH PTH, Increased serum calcium concentrations decrease 
cell membrane permeability in nervous and muscular tissue. 
In addition, skeletal muscle weakness, primarily of the proxi¬ 
mal muscle groups, may result from a primary neuropathy 
that ultimately causes muscle atrophy. Muscle wasting and 
weight loss were observed in 32 (17%) of the 187 dogs. 

Inappetence Owners observed some degree of reduced 

appetite in 69 (37%) oi 187 dogs with PHPTH. This problem 
probably developed as a result of hypercalcemia-induced 
decreased excitability of GI smooth muscle or from direct 
effects on the CNS. Gastric ulcers, noted in some hypereal- 
cemic people, has not been observed in dogs with PH PTH. 
Only one dog had concurrent pancreatitis. One common 
assumption is that hypercalcemia would induce secondary 
renal failure and tertiary loss of appetite. However, this is 
quite uncommon. 

Shivering, Tuntdhing, and Seizures Shivering and muscle 
twitching have been observed in hypercalcemic dogs, and 
seizure activity has been reported in a dog with PH PTH, 
These signs might result from cerebral microthrombi, 
vasospasm, or other conditions. 

Physical Examination 

A thorough physical examination is imperative in any animal 
with documented hypercalcemia. Physical examinations are 

usually unremarkable in dogs with PHPTI i. When abnormal¬ 
ities exist, they are typically related to the presence of uroliths. 
Other abnormalities (weakness, muscle atrophy) arc usually 
subtle or nonspecific. Although parathyroid gland tumors are 
not palpable dogs with PH PTH, tumors have been palpable in 
four of ten cats with this condition. The most common cause 
of hypercalcemia in dogs is hypercalcemia of malignancy (Box 
237-1). Lymphosarcoma, apocrine gland carcinoma of the 
anal sac, mammary gland adenocarcinoma, vaginal sarcoma, 
and multiple myeloma are among cancers capable of causing 
hypercalcemia that may be identified on examination. The 
diagnostic approach to a dog with confirmed hypercalcemia is 
to rule out the presence of malignancy before pursuing the 

diagnosis of PH PTH (see Figure 237-2), Non-neoplastic causes 

of hypercalcemia may be suspected after a thorough physical 
examination. For example, in renal failure, the kidneys may he 
palpably abnormal. Dogs with Addison's disease may have 
bradycardia, weak femoral pulses, melena, or a bloody rectal 
discharge. 




o 


lotat Calcium L-Oncentratton 
Results in dogs and humans Hypercalcemia is the hallmark 
abnormality of PHPTH (Figure 237-3). The mean serum cal¬ 
cium concentration in 187 Jogs with PHPTH w as 15.3 mg/dL, 
with a range of 12,1 to 23,0 mg/dL ( fable 237-5), This mean 
v alue 

hypercalcemia is limited to those animals with serum calcium 
concentrations greater than 12.0 mg/dL (the upper reference 
range limit is 11.7 mg/dL), In most dogs, hypercalcemia was 
initially identified by a referring veterinarian on at least two 

and then rechecked several times after referral. Of 

PHPTH dogs, 102 of 187 (55%) had an initial total serum cal¬ 
cium concentration of 12 to 14 mg/dL; 58 (31%) had an initial 
concentration of 14 to 16 mg/dL; 18 (9%) had an initial con¬ 
centration of 16 to 18 mg/dL; and nine (5%) had an initial con¬ 
centration of greater than 18 mg/dL (range of 18 to 23 mg/dL). 
Of these latter nine dogs with severe hypercalcemia, it is of 
interest to mention that their mean blood urea nitrogen 

(BUN) concentration was 22 mg/dL, with only one dog 
having a BLJN above the reference range limit of 28 mg/dL, 
Although it is assumed that untreated PHPTH will result 
in progressively increasing serum calcium concentrations, this 
has not been the experience in people, A group of 60 "asymp¬ 
tomatic 1 ' PHPTH people was not treated for 10 years. Their 

mean total serum calcium concentration, at the time of diag¬ 
nosis, was 10.5 mg/dL (reference range 8.4 to J0.2 mg/dL), 

5 years later it was 10.6, and a total of 10 years after diagnosis it 
w as 10.3 mg/d L. 13 How ever, ei ght devel o ped u rol iths du ri ng th e 
decade, leaving 52 who remained asymptomatic. Our experi¬ 
ence with dogs suggest that hypercalcemia associated with 
PHPTH remains static or slowly increases with time. 

Factors affecting serum calcium concentration Marked 
lipemia can falsely increase total calcium values determined 
by some automated analyzers. Hemoconcentration (dehydra¬ 
tion) can cause mild hypercalcemia typically < 13 mg/dL). 
Hemolysis can also falsely increase the total serum calcium 
concentration measured w r ith an automated analyzer. Young 
animals may have mild increases in serum calcium concentra¬ 
tion and postprandial samples may yield false increases. Excess 
use of oral phosphate binders may cause the serum calcium 
concentration to increase, Ethylenediamine tetra-acetie acid 
(EDTA) increases calcium values determined by atomic absorp¬ 
tion spectrophotometry and decreases results obtained with 
other methods. Collecting and storing samples in glassware or 
plastic containers that have been washed with detergents or 
exposed to chalk may increase calcium results and also cause 
spurious values for other electrolytes. Acidosis may decrease 
plasma protein-binding affinity for calcium and increase ionic 
calcium concentrations, creating mild physiologic hypercalcemia. 

Plasma protein concentrations Calcium in plasma or 
serum exists in three forms or fractions: ionized (free cal¬ 
cium), complexed or chelated (bound to phosphate, bicar¬ 
bonate, sulfate, citrate, and lactate), and protein bound. In 
clinically normal dogs, protein-bound, complexed, and ion¬ 
ized calcium account for approximately 34%, 10%, and 56% 

of the total serum calcium, respectively. n Laboratories gen¬ 
erally measure these components together and report them as 
a total calcium value. Ionized calcium is the biologically active 
component, and the protein-bound calcium serves as a reser¬ 
voir'’ or storage poo! for the ionized fraction. However, changes 

concentration of albumin and globulins may alter the 




could be arbitrarily inflated because evaluation oi 
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Figure 237-3 Graph showing the serum parathyroid hormone (PTH), parathyroid hormone- 

related peptide (PTHrP), ionized calcium, and vitamin D concentrations in 
causes for hypercalcemia of dogs. (From Feldman EC, Nelson RW: Canine and Feline 
Endocrinology' and Reproduction, 3rd ed. Philadelphia, WB Saunders Co, 2004.) 


l common 


measured total serum calcium concentration without altering 
ionized calcium levels. Despite an 
amount of plasma calcium resulting from hyperproteinemia 
or hypoproteinemia, the biologically active ionized calcium 
concentration usually remains within reference limits. 

Two formulas were developed for use in dogs to account 
for changes in the reported serum calcium value attributed to 
changes in serum protein values. 18 The formulas were 
mficant value prior to routine availability of ionized calcium 
assays. These formulas are: 


explanation for apparent 
hypocalcemia. However, this “hypocalcemia" usually causes 
no clinical signs and is associated with only mild changes from 

reference ranges. Although correction to normal limits implies 
that the ionized fraction is normal, the ionized fraction may 
yet be low. These formulas, developed more than 2 decades 
ago, were derived from serum albumin concentration results 
obtained with analytical methods no longer used by modern 

automated analyzers. At the time, a positive correlation 
noted, but only 33% of the variability in serum total calcium 
concentration could be attributed to serum albumin concen¬ 
tration, and only 17% of the variability could be attributed 
to serum total protein. There w r as no association in cats 
between serum total protein and serum calcium concentra¬ 
tions, and only 18% of the variability in total calcium concentra¬ 
tion could be attributed to albumin concentration. 19 In another 
study, only 17% and 29% of the variability in total serum cal¬ 
cium concentration in dogs and cats, respectively, could be 


Hypoalbuminemia i 


sig- 


was 


Corrected Total Ca (mg/dL) 

Measured Total Ca (mg/dL) - albumin (g/dL) + 3.5 


or 


Corrected total Ca (mg/dL) 

Measured total Ca (mg/dL) - [0.4 X total protein 

(g/dL)] + 3.3 
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Serum Total (187 Dogs) and Ionized (136 Dogs) Calcium Concentrations > Serum Parathyroid Hormone (PTH) 
Concentrations (162 Dogs), and Lfllraso no graphically Identified Parathyroid Masses (98 Dogs, 11 of 98 had 
Two Masses Each) in Dogs With Primary Hyperparathyroidism 






ULTRASOUND MASS 
SIZE (mm) 


IONIZED CALCIUM 

(mmol/L) 


TOTAL CALCIUM 
(mg/dL) 




PTH (pmol/L) 




2-13 


<4 


1.12-1*42 


9,6-11.7 


R ef e re nc e 






range 
Mean 
(PH PTH 
dogs) 

Range 

(PHPTH 
dogs) 

Breakdown of Values # Dogs % Dogs Values # Dogs % Dogs 
individual 

results 


11*9 


7 


1.86 


14.3 


3-23 


3.7-12.1 


122-2.29 


12,1-23.0 


Values # Dogs % Dogs Size # Masses % Masses 


65 


60 


3.7-79 

8.0-13.0 

13.1-20,0 

> 20.1 


63 


39 


122-1.42 

1.43-165 

166-190 


9 


7 


102 


55 


12-14 

14 1-16 
16,1-18 
>18,1 


29 


27 


44 


27 7-10 

15 11-15 

19 >15 


37 


27 


5S 


31 


9 


8 


25 


64 


47 


18 


9 


30 


6 


5 


26 


19 


9 


5 


>1,91 


reference limit of 28 mg/dL. Of those nine dogs, eight had serum 

phosphate concentrations within the reference range. 

The serum phosphorus concentration should always be 
evaluated relative to the serum calcium concentration and 
renal function. Hypophosphatemia, when dietary phosphate 
is adequate and when oral phosphate-binding agents are not 
being given, is consistent with cither PHPTH or hypercalcemia 
of malignancy (see Figure 237-3). Other causes for hypophos¬ 
phatemia are less common (Box 237-2], Hyperphosphatemia 
in the absence of azotemia suggests a non parathyroid cause 
for hypercalcemia. When both hyperphosphatemia and 
azotemia are present, the clinician must rely on the history, 
physical examination, and other diagnostic tests to determine 
if the primary problem is hypercalcemia with secondary renal 
failure (rare) or renal failure with secondary hypercalcemia 
(common). Determination of the serum ionized calcium con¬ 
centration can be of value. Dogs with renal failure and 
increases in total serum calcium concentration usually have 
ionized calcium concentrations that are normal or mildly 
decreased, dogs with PHPTH have increases in both fractions. 


attributed to serum albumin concentration. 20 For these rea¬ 
sons, use of these correction formulas are not recommended.- 1 

Serum ionized Calcium Concentration The ionized frac¬ 
tion of total circulating calcium concentration is the biologi¬ 
cally active form. This information (together with the 
increasing availability of valid assays for ionized calcium and 
realization that dogs with chronic renal lailure tend to have 
normal to low ionized concentrations versus the increased 
concentrations in other hypercalcemic conditions) has created 
a growing interest in results of this parameter in hyper- and 
hypocalcemic dogs. The mean ionized calcium concentration on 
initial blood samples in 136 dogs with PHPTH was 1.86 mmol/L, 
with a range of 1 22 to 2.29 mmol/L (reference range 1.12 to 

1.42 mmol/L; see Table 237-5), Nine of the 136 dogs i 7%) 

had a serum ionized calcium concentration within the referee 

range; 37 (27%) had results of 1.43 to 1.65 mmol/L; 64 (47%) 
had concentrations of L66 to L9 mmol/L, and 26 (19%) had 
concentrations greater than 1.9 mmol/L. In general, there was 
good correlation between serum total and ionized calcium 
results. However, no dog with PHPTH had a total calcium con¬ 
centration within the reference range, whereas 7% had ionized 
calciums within the reference range. It is suspected that these 
ionized calcium concentrations within the reference range are 
the result of external (in vitro) factors (aerobic collection, pH). 

Serum Phosphorus Concentration Low or low-normal 

phosphorus concentrations (< 4,0 mg/dL) are typical of 

PHPTH (see Figure 237-3), Hypophosphatemia is the result ol 
PTH-induced inhibition of renal tubular phosphorus resorption, 
resulting in excessive urinary loss. In 187 dogs with PHPTH, the 
mean serum phosphorus concentration was 2.8 mg/dL (< the 
lower limit of the reference range; 3,0 to 6,2 mg/dL), with a 
range of 1.5 to 6.8 mg/dL (seeTable 237-4). Twenty of 187 dogs 

(11%) had serum phosphate concentrations less than 2.0 mg/dL; 

99 (53%) had results of 2,0 to 2.9 mg/dL; 50 (27%) had results 
in the low normal range ol 3.0 to 3.9 mg/dL; 12 (6%) had values 
in the mid-normal range of 4,0 to 4,9; 4 (3%) had values 
5.0 mg/dL and only one of those four dogs had a serum phos¬ 
phate concentration above reference limits (6,8 mg/dL), As a 
point of interest, nine of the 187 dogs had BUN values above the 


Blood Urea Nitrogen and Serum Creatinine Concentration 

BUN (mean: 17 mg/dL) and serum creatinine concentrations 
(mean: 1.0 mg/dL’i are usually within reference limits in dogs 

with PHPTH (see Table 237-4). Nine dogs (5%) had BUN 

concentrations less than 10 mg/dL; 1 12 (60%) had values ot 

10 to 17 mg/dL; 39 (21%) w?ere 18 to 22 mg/dL; 18 (10%) 

23 to 28 mg/dL; 8 (4%) w r ere 29 to 47 mg/dL, and one 


were 

dog had a value of 92 mg/dL. Four of the nine dogs with an 
abnormal BUN had a serum creatinine concentration within 
the reference range. The tw o highest serum creatinine concen¬ 
trations were 2,3 and 4.1, respectively.This is most impressive 
when considering the mean age of these dogs (11.2 years) 
The literature strongly suggests that hypercalcemia, especially 
when chronic, may damage kidneys. However, it would appear 
that dogs with PHPTH are protected from renal damage, 
w-bether this protective effect is due to the low' calcium x 
phosphate product or some other factor 


serum 


Urinalysis The mean USG in 187 dogs with PHPTH was 
1.01 1. Forty-six dogs (24%) had a USG on initial evaluation 
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mediastinum, perihilar, and sternal lymph nodes should be eval¬ 
uated for a mass or 

cemia secondary to lymphosarcoma may have a mediastinal 
mass. The ribs, vertebrae, and any long bones included in the 
film can be evaluated for osteolytic areas due to myeloma 
other metastatic tumors. Lung fields should be assessed for pos¬ 
sible masses that might represent primary or metastatic lesions 

Abdomen and Skeleton The sub! urn bar area and mesen¬ 
teric lymph nodes can be evaluated for enlargements that 
would support metastatic apocrine gland carcinomas of the 
anal sac or lymphoma. The liver and spleen can be evaluated 
for enlargement or irregularities associated with lymphoma. 
Other than calculi within the urinary system, radiographic 
abnormalities are not associated with PHPTH. 

Ultrasonography 

Neck With continuing improvement in equipment and 
experience, normal parathyroid glands are now routinely visu¬ 
alized with ultrasonography in dogs. 77 Parathyroid nodules 
Irom dogs with PHPTH have been measured to be as small as 
2 mm in diameter and as large as 23 mm in diameter. Most 
adenomas are 4 to 9 mm in diameter and are easily visual- 
ized. 23 - 241 One recent study demonstrated a statistically signif¬ 
icant difference in lesion size, comparing hyperplastic 
parathyroid glands (2 to 6 mm, mean 2.9 mm] to parathyroid 
adenomas and adenocarcinomas (4 to 20 mm, mean 7.5 mm).- 

Radiologists have evaluated the cervical area of 98 dogs in 
our series with confirmed PHPTH. Virtually all these dogs had 
one or more parathyroid gland (masses) visualized. Eleven of 
the 98 dogs had two parathyroid nodules each. Thus 109 nod¬ 
ules were identified in the 98 dogs. Sixty-five of 109 parathy¬ 
roid masses (60%) were 3 to 6 mm in diameter; 29 (27%) 
were 7 to 10 mm in diameter; nine (8%) were 11 to 15 mm 
in diameter; and six (5%) were 16 to 23 mm in diameter (see 
Table 237-5; figure 237-4). No dog had more than two parathy¬ 
roid masses identified. Parathyroid masses are usually round or 
oval, well marginated, and hypoechoic to anechoic compared 
with surrounding thyroid gland parenchyma (Figure 237-4). 
However, not every parathyroid nodule is obvious. It is occa¬ 
sionally difficult to distinguish large parathyroid masses from 
thyroid. Another important issue that must be stressed, is the 
subjective nature of this tool. In one of our studies, experi¬ 
enced radiologists correctly identified a solitary parathyroid 
mass in 11 of 11 dogs and two parathyroid masses in another, 
However, less experienced radiologists identified a parathv- 
roid mass in only four of seven dogs. 

The accuracy of cervical ultrasonography in dogs with 
PHPTH has been similar to that reported in humans: 90% to 

smaller percentage of 
hyperplastic parathyroid glands can be visualized.- 7 Experienced 
radiologists identify’ parathyroid masses with ultrasonography 
more consistently than surgeons during surgery because of 
the occasional parathyroid mass located within a thyroid lobe 
that is neither visible nor palpable to the surgeon. Therefore 
cervical ultrasonography is potentially an extremely valuable 
diagnostic aid. 

Abdomen Ultrasonic scanning of the abdomen should also 
be a routine component of the diagnostic evaluation of hyp 
calcemic dogs and cats. If the liver, spleen, mesenteric lymph 
nodes, or other abdominal structures appear abnormal, percu¬ 
taneous biopsy of that structure should be strongly considered. 
Ultrasonography has been an excellent tool for identifying 
uroliths as well. Most are seen w ithin the bladder, but renal, 
ureter, and urethral stones have also been visualized. 

Assays: PTH, PTHrP, Vitamin D (Caldtriol) 

Dogs with PHPTH usually have serum PTH concentrations 
that range from w ithin the reference range to being exceedingly 


* 






Box 


237-2 


lymph adenopathy. Dogs with hypercal- 


Potential Causes jor Hypophosphatemia 


or 


Decreased Intestinal Absorption 

Decreased dietary intake 
Malabsorption/steatorrhea 
Vomiting/dia rrhea 
Phosphate-binding antacids 
Vitamin D deficiency 


Increased Urinary Excretion 

Primary hyperparathyroidism 

Diabetes met! it us ± ketoacidosis 
Hyperadrenocorticism (naturally occurring/iatrogenic) 
Fanconfs syndrome (renal tubular defects) 

Diuretic or bicarbonate administration 
Hypothermia recovery 
Hyperaldosteronism 

Aggressive parenteral fluid administration 
Hypercalcemia of malignancy (early stages) 


Transcellular Shifts 

Insulin administration 
Parenteral glucose administration 
Hypero I i me nt at i o n 
Respiratory alkalosis 


less than 1.008; 69 (38%) had specific gravities of 1.008 to 
1.012; 60 (32%) had values of 1.013 to 1,020; eight (4%) had 
results of 1.021 to 1.030; and four had concentrations greater 
than 1.030 (see Table 237-4). Hypercalcemia interferes wuth 

APH action and thereby causes a reversible form of nephro¬ 
genic diabetes insipidus. Isosthenuria (or hyposthenuria) may 
develop from any cause of hypercalcemia. Thus the combina¬ 
tion of hypercalcemia and dilute urine is considered a 
and-cffect phenomenon but is not specific. 


c a u se- 


Urine Sediment Hematuria 
taliuria are identified frequently 


pyuria, bacteriuria, and crys- 

on urine sediment examina¬ 
tion from dogs with PHPTH. Fifty-nine of 187 PHPTH dogs 

(31%) either had a history of uroliths removed by referring 
veterinarians within the 12 months preceding examination 
were identified as having uroliths with radiographs or ultra¬ 
sonography at the time of initial evaluation at our hospital. 
Urinary' tract infection had been present or w^as present on ini¬ 
tial examination at the author's hospital in 46 of 187 dogs 

with PHPTH (24%). 


21 . 


or 


95% of parathyroid adenomas and 


Electrocardiography 

Experimentally induced hypercalcemia may increase myocar¬ 
dial contractility, shorten mechanical ventricular systole, and 
decrease myocardial automaticity, Potential electrocardiographic 
changes caused by hypercalcemia include 


prolongation of 
the P-R interval and a shortening of the Q-T interval due to a 
shortened S-T segment.Theoretically, decreases in myocardial 
conduction velocity and shortened refractory' periods could 
predispose the heart to arrhythmias. However, dogs with 
PHPTH rarely have abnormalities on electrocardiogram. 


cr- 


Rodiology 


Thoracic Radiographs The major purpose of evaluating 
radiographs in the hypercalcemk dog or cat is to identify 
abnormalities that ^vould help establish 


cause. The anterior 
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Figure 237-4 A, Cervical ultrasonogram from a dog with a functional parathyroid adenoma. 

The reader should note the right thyroid lobe, in which a welbmarginated, hypoechoic mass 
(arrows) js visible at the cranial pole oi the thyroid. R, Solitary parathyroid adenoma removed from 
a dog with primary hyperparathyroidism. (Ultrasound courtesy of Dr Tom N viand and Dr Eric 

Wisner, Davis, Calif) 


increased (see Table 237-5 and Figure 237-3; Figure 237-5). In 

addition, serum PTHrP concentrations are usually undetectable, 
whereas calcitriol concentrations (not usually tested) would be 
normal to increased. 28 Serum PTH concentrations must always 
be evaluated in the context of the serum calcium concentra¬ 
tion, In healthv animals, as the serum calcium concentration 
increases, the serum PTH concentration decreases. Relative to 

their hypercalcemia (using total or, preferably, ionized cal¬ 
cium), virtually all dogs and cats with PH PTH have excessive 
PTH secretion. In other words, serum PTH concentrations 
within the reference range should he considered "excessive' in 
a dog or cat with hypercalcemia. Such results are consistent 
with autonomous secretion of hormone. 

The "sandwich" (two-site imrnunoradlometnc t IRMA] assay 
system) for measuring PTH is considered the most reliable 
assay system currently available for dogs. At least one serum 
PTH concentration was obtained from each of 162 dogs with 
PH PTH (see Table 237-5). Most laboratories have similar PTH 
reference ranges (2 to 13 pmol/L). The mean serum PTH 


concentration in these untreated dogs (31.9 pmol/L) was 
within the reference range, and 107 of the 162 results (66%) 
were within that reference range. Sixty-three dogs (39%) had 

serum PTH concentrations of 3.7 to 7,9 pmol/L; 44 dogs 
(27%) had values of 8 to 13 pmol/L; 25 dogs (15%) had 
results of 13,1 to 20 pmol/L; and 30 dogs (19%) had results 
greater than 20 pmol/L. The availability of both PTH and 

PTHrP assay results has improved clinicians' ability to identify 
the specific problem causing hypercalcemia in many dogs. 
These assays are accessible for practitioners. 

Radionuclide Scans 

Radionuclide procedures have been used as an aid for detect¬ 
ing and localizing parathyroid adenomas in humans. ?,J 
The most commonly used radionuclide imaging technique 

uses technetium-99m-sestamibiT c,3 i Two reports suggested 

that this procedure might be helpful in localizing parathyroid 
adenomas in dogs with PH PTH. 1 * 3 - 31 In a subsequent study, 
double-phase parathyroid scintigraphy was evaluated in a 
group of hypercalcemic dogs, and only one of 10 dogs with 
PH PTH had a scan that correlated with surgery. The poor sen¬ 
sitivity and specificity achieved with scintigraphy led the authors 
to conclude that use of this tool could not he recommended. 3 -* 


50 


45 r 


Selective Venous Sampling 

An attempt was made to localize autonomously functioning 
parathyroid masses using serum PTH assay results from each 
jugular vein. The hypothesis was that the vein draining the 

side of the autonomously functioning mass would have 
greater amounts of PTH. Blood samples w^ere obtained from 
each jugular vein prior to surgery from dogs with PH PTH 
caused by a solitary functioning adenoma. Unfortunately, a 
gradient between samples was only identified in one of 11 
dogs, and the conclusion was that selective venous sampling 
w r as not reliable, 2 * 3 
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Figure 237-5 Senim PH-1 conoenmotions for norma 1 dogs and 

those with various disorders of calcium homeostasis. The reader 
should note that some overlap exists in lest results. (From 
Feldman EC, Nelson RW: Canine and Feline Endocrinology and 
Reproduction, 3 lJ ed. Philadelphia, WB Saunders Co, 2004,] 
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Diagnostic Approach to the Hypercalcemic 
Dog or Cat 

General The list ol differential diagnoses for hypercalcemia 

is relatively short (see Table 237-1; Box 237-3), allowing a log¬ 
ical approach to identifying its cause.The most common cause 
in the dog and cat is malignancy-associated hypercalcemia. 
In an attempt to be practical, logical y and cost-effective, the 
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and mouse poisons or houseplants that contain vitamin D 
analogues. One can attempt to determine if the pet is in pain 
(lytic hone lesions). Answers to questions regarding the pres- 
ence of polydipsia, polyuria, appetite, and activity may be 
important. Generally, the more ill the pet appears the less 
likely that it has PHPTH (and the more likely it has a malig¬ 
nancy, renal failure, vitamin D toxicosis, granulomatous dis¬ 
ease, or hypoadrenocorticism). 

Physical examination After assessing hydration status 
and severity of illness, the physical examination should 
include careful palpation of peripheral lymph nodes (lym¬ 
phoma) and the mammary' glands (mammary cancer), A thor¬ 
ough rectal and perirectal examination is imperative in the 
identification of an apocrine gland carcinoma of the anal sac, 
A digital vaginal examination should also be performed (vagi¬ 
nal tumor). The clinician should gently palpate as much of the 
skeleton as possible, searching for an area of focal bone pain 
that could then be pursued with radiographs (multiple 
myeloma) "he kidneys should be palpated in an attempt to 
identify irreguI arities. 

Initial Data Base 

Blood and urine The initial data base should include a 
hemogram (complete blood count [CRC]}. a serum biochem¬ 
ical profile, serum ionized calcium concentration, urinalysis, 
and thoracic radiographs. The abdomen should be evaluated 
with ultrasonography, radiography, or both. If the scrum 
phosphorus concentration is normal or low; renal failure, 
vitamin D toxicosis, and hypoadrenocorticism are less likely 
(see Figure 237-2, A and B). The serum creatinine, sodium, 
potassium, and BUN concentrations are extremely valuable in 
this assessment as well. A sodium-to-potassium ratio less than 
27:1 is consistent with, but not diagnostic of adrenal insuffi¬ 
ciency. An ACTH stimulation test should be performed if 
this disease is possible, Low', low-normal, or normal serum 
phosphate concentrations are consistent with PH PTH and 
malignancy-associated hypercalcemia. Striking increases in 
total protein concentrations, specifically due to a monoclonal 
spike, are classic for multiple myeloma. 

Parathyroid versus primary renal disease A diagnostic 
dilemma exists when hyperphosphatemia and hypercalcemia 
coexist with azotemia. The clinician must determine whether 
the hypercalcemia is the cause or the consequence of renal 
disease. Other abnormalities in the initial data base may 
support renal failure as the primary problem. These abnor¬ 
malities include marked increases in serum phosphorus con¬ 
centration, low-normal or low serum ionized calcium 
concentrations, nonregenerative anemia, proteinuria, and pal¬ 
pably or radiographically small and irregular kidneys. The 
serum ionized calcium in dogs with PH PTH is increased. If 
the hypercalcemia dissipates with aggressive fluid therapy and 
diuresis, PH PTH is less likely than primary' renal failure or 
hypoadrenocorticism. 

Radiography and ultrasonography Radiography of the 
thorax and ultrasonography of the abdomen should be evalu¬ 
ated for soft tissue masses, soft tissue calcification, evidence of 
lungal disease, organomegaly, osteolysis, or osteoporosis. The 
goal is to identify an abnormal area that could be biopsied to 
provide a definitive explanation for hypercalcemia. An ante¬ 
rior mediastinal mass is demonstrable radiographically in as 
many as 40% of hypercalcemic dogs with lymphosarcoma.- 1 ^ If 
hepatomegaly or splenomegaly is identified, histology of a 
biopsy (obtained percutaneously) taken from either of these 
organs should be evaluated to help establish a diagnosis. 
Adenocarcinomas derived from the apocrine glands of 
the anal sac may appear radiographically as a mass in the 




Box 237-3 


Differential Diagnosis for Humoral 
Hypercalcemia of Malignancy 


Hematologic Cancers 

Lymphosarcoma 
Lymphocytic leukemia 
Myeloproliferative disease 
Myeloma 


Solid Tumors with Bone Metastasis 

Mammary adenocarcinoma 

Nasal adenocarcinoma 
Epithelial-derived tumors 
Pancreatic adenocarcinoma 

Lung carcinoma 


Solid Tumors without Bone Metastasis 

Apocrine gland adenocarcinoma of the anal sac 

Interstitial cell tumor 

Squamous cell carcinoma 

Thyroid adenocarcinoma 

Lung carcinoma 

Pancreatic adenocarcinoma 
Fibrosarcoma 


diagnostic approach should first identify' or rule out an under¬ 
lying malignancy. 15 Only after testing has failed to identify a 
malignancy should PH PTH be considered. 

Review the History and Physical Examination 

First steps The diagnostic approach to the hypercalcemic 

dog or cat should be relatively straightforward (see Figure 237-2, 
A and B), The first step should be to confirm the presence of 
hypercalcemia by resubmitting a second blood sample for cal¬ 
cium and phosphorus determination, although the second 
sample virtually always has the same result as the first. 
Whenever possible, veterinary' practitioners would be well 
served to submit appropriate samples for serum ionized calcium 
concentration. Such results, if increased, confirm hypercalcemia, 
[f the ionized calcium concentration in a dog with confirmed 
increases in serum total calcium, is within or below the reference 
range, chronic renal failure or laboratory' error should be consid¬ 
ered. Review' of the sign aim erst, thorough history, and physical 
examination often allows the clinician to identify the cause for 
hypercalcemia or at least develop a likely list of high-priority 
possibilities. Both the history and physical examination should 
be repeated after the serendipitous finding of hypercalcemia. 

Signalment Signalment (age, gender, breed) is empha¬ 
sized, in part, because of the remarkable incidence of PH PTH 
in the Keeshond and in dogs that are 8 years of age or older. 
Renal failure can occur at any age, but certain breeds are pre¬ 
disposed to familial renal problems (Shih Tzu, Lhasa Apso, 
Doberman pinscher). Young dogs are more likely to suffer 
from renal 1 allure, malignancy (lymphosarcoma), or hypoad¬ 
renocorticism (especially in the female), whereas apocrine 
gland carcinoma of the anal sac, and other malignancies occur 
in older dogs. 

History The owner should be questioned about the pet's 
diet, vitamin-mineral supplementation, and exposure to rat 
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Severity of clinical 


pelvic canal. Sublumbar lymphadenapathy due to tumor 
metastasis is also common. Soft tissue calcification is most 
frequently observed with hypervitarmnosis D or chronic renal 
failure, although mineralization can be seen with any hyper- 
calcemic disorder an association with hyperphosphatemia and 
a calcium x phosphorus product greater than 60 to SO. 

Discrete lytic lesions in the vertebrae or long bones are 
suggestive of either myeloma or malignancy-associated hyper¬ 
calcemia with bone metastasis. Radionuclide bone scans can 
be performed at specialty centers to identify bone lesions not 
detected with radiographs* Concurrent hyperproteinemia is 
supportive of myeloma. Solid tumors with metastasis to bone 
are more likely if lytic bone lesions and normoproteinemia 
(especially normal serum globulin concentrations) are pre¬ 
sent A core biopsy of a lytic lesion may be necessary to estab¬ 
lish a definitive diagnosis* 

Ultrasonography of the cervical region has been reviewed. 
This tool is noninvasive and easily used. Identification of a 
solitary mass within or near one thyroid lobe supports the 
diagnosis of PHPTH, if the dog is not in renal failure.- This 
tool requires the 10-MHz transducer and, most importantly 
the results are subjective. 


Renal failure or vitamin D toxicosis 
signs and degree of damage to nephrons appears dependent, 
in part, on serum phosphorus concentrations via the calcium x 
phosphate product. Renal damage (nephrotoxicity) induced 
by metastatic mineralization is thought to correlate with 
serum Ca x PO 4 product greater than 60 to 80. Thus hyper¬ 
calcemia associated with PH PTH is less worrisome and 
dangerous than the hypercalcemia associated with renal fail¬ 
ure or hypervitarmnosis D. The latter two disorders are almost 
always accompanied by hyperphosphatemia, a problem 
that amplifies the potential of soft tissue calcification (see 

Table 237-6). 










m 






Indications 

Source of illness versus need for treatment Clinically, 
both to owners and veterinarians dogs with PH PTH appear 
relatively healthy* Further, despite having dramatic increases 
in serum calcium concentration (mean serum calcium con¬ 
centrations > 14 mg/dL; see Table 237-5), dogs and cats with 
PH PTH are usually not in need of acute therapy because, in 
part, their calcium x phosphate products are not worrisome (see 
Table 237-6). In contrast, dogs vrith concurrent lymphosarcoma 
and hypercalcemia often exhibit extremely worrisome clinical 
signs that are caused by their malignancy rather than the 
hypercalcemia, Treatment for cancer often indirectly 
decreases serum calcium concentrations* Dogs that have mild 
hypercalcemia and renal failure or vitamin D toxicosis also 
usually have worrisome clinical signs and moderate to severe 
hyperphosphatemia. They are at risk for tissue mineralization 
and they benefit from treatment directed specifically at 
decreasing the calcium X phosphorus product. Dogs with 
apocrine gland carcinoma of the anal sac or those with other" 
malignancies (e.g., multiple myeloma) also tend to be much 

more ill than dogs with PHPTH. 

Indications for symptomatic treatment Because of the 
deleterious effects of hypercalcemia on renal, cardiovascular, 
or neurologic function, it may become necessary to treat a dog 
or cat symptomatically in an attempt to lower the blood calcium 


Lymph Node and Bone Marrow Evaluations If the ini¬ 
tial data base has not established a diagnosis, the next diag¬ 
nostic steps should include evaluation of lymph nodes, bone 
marrow, or both. Because lymphosarcoma is the most 
common neoplasm associated with hypercalcemia in the dog 
and cat, peripheral nodes should be palpated. Ideally, the 
largest lymph node (nnf the submandibular node) should be 
assessed for histologic evaluation. Needle aspirates for cytol¬ 
ogy are occasionally acceptable, but pathologists may be hesi¬ 
tant to make a definitive diagnosis based on cytology alone* If 

abnormalities are found on cytologic evaluation of an 


any 

aspirate, histologic evaluation of a large biopsy sample or 
lymph node excision should be obtained to establish or rule 
out the diagnosis. This step should he omitted in dogs that are 
relatively healthy, based on an index of suspicion against the 
diagnosis of lymphosarcoma* 

A bone marrow r aspirate should also be considered in 
the hypercalcemic pet because the lymphosarcoma may be 
associated only with invasion of the marrow by neoplastic 
cells . 27 As with the peripheral lymph node evaluation, pres¬ 
ence of a normal bone marrow aspirate does not definitively 
rule .out lymphosarcoma. We usually omit a bone marrow 
aspirate when a dog is clinically well and when its CBC is 

unremarkable. 


Table • 237-6 


Typical Serum Calcium and Phosphate 
Concentrations for Various Conditions 


TYPICAL TYPICAL TYPICAL 

SERUM SERUM 

CALCIUM PHOSPHATE PHOSPHATE 

(MG/DL) (MG/DL) PRODUCT 


Serum PTH and PTHrP Concentrations Assay for these 

hormone concentrations can be quite helpful. Because the 
evaluation of hypercalcemic dogs tends to be logical, each step 
has the potential for ruling out causes. The diagnosis ol 
PHPTH can be reached by simple exclusion. In other words, 
as all other differential diagnoses are eliminated, S 'HPTH may 
remain as the only reasonable diagnosis. Treatment of most of 
the dogs in our series for PHPTH was completed before the 
results of serum PTH concentrations w f ere available. 

Acute Medical Therapy for the Hypercalcemic Dog 

Primary Hyperparathyroidism versus (PHPTH) Other 
Dis o rders 

PHPTH The primary mode of therapy for severe hypercal¬ 
cemia should be aimed at resolving its underlying cause* Surgical 
excision of abnormal parathyroid tissue is the most common 
therapy lor dogs and cats with PHPTH. In these animals, how¬ 
ever, hypercalcemia is neither an acute problem nor is the cal¬ 
cium x phosphate product greater than 60 to 80* Therefore 
conditions developing secondary to hypercalcemia (other than 
uroliths) are not usually a concern in dogs with PHPTH* 


CALCIUM x 


45 


4*5 


Normal dog 

Primary 

hype rpa r at hy ro i d i s m 
lymphosarcoma 
Apocrine cell 
carcinoma of 
the anal sac 
Chronic renal 
failure 
Vitamin D 

toxicosis 


10 


40 


14.3 


2.8 


45 


15 


3.0 


3.0 


45 


15 


10 


115 


11*5 


115 


11.5 


10 


4 Aggressive therapv is recommended when the product of these 
two electrolytes exceeds 60 to 80* For most conditions causing 
hypercalcemia, emergency therapy is not necessary to reduce the 
serum calcium concentration. 
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calcium concentrations. Correction of fluid deficits should 
reduce the severity of hypercalcemia, although it usually does 
not return serum calcium concentrations to normal except in 
dogs with hypoadrenocorticism or those that are not, in fact, 
hypercalcemic. In humans, a rapid fall of 2 to 3 mg/dL in total 
serum calcium concentration is typical after rehydration 1 

Saline diuresis Once fluid deficits have been corrected, 

saline diuresis should promote continuing renal loss of calcium; 
an effective short-term therapy for any cause of hypercalcemia. 
Physiologic saline promotes calciuresis because the large 
□mount of filtered sodium competes with calcium for renal 
tubular resorption, 40 Increased sodium excretion leads to 
increased calcium excretion. Normal saline given at two to 
three times the maintenance rate (120 to 180 mL/kg/day) is 
usually effective. Potassium supplementation is often neces¬ 
sary to prevent hypokalemia. The pet should also be moni¬ 
tored carefully to detect adverse effects (e.g., pulmonary 
edema) resulting from administration of large fluid volumes. 
Monitoring body weight, urine output, blood pressure, central 
venous pressure (CVP), and auscultation of the thorax are 
recommended. 


concentration while completing tests to establish a diagnosis. 
The decision to implement symptomatic therapy should be 
based on the severity of the pet's clinical signs, the rapidity of 
progression of these signs, and the status of renal, cardiac, and 
neurologic function. No specific serum calcium concentration 
exists above ivhich therapy* must be initiated. 

Therapy for hypercalcemia is indicated when dehydration, 
azotemia, cardiac arrhythmia, severe neurologic dysfunction, 
or weakness exists. 6 3 ? Death or encephalopathy directly 
attributable to hypercalcemia (except after ingestion of large 
amounts of rat poison containing vitamin D) is extremely 
uncommon. Therapy (intravenous fluids ± furosemide) may 
be indicated in a relatively stable dog or cat in which progres¬ 
sive metastatic calcification of soft tissues is suspected. Tissue 
mineralization can be assumed when the calcium x phospho- 
rus product exceeds 60 to 80. With a product below 60, no 

urgent need exists to lower the serum calcium concentration, 
because the risk for soft tissue mineralization is not great. 39 
Several methods have been suggested to control acute or severe 
hypercalcemia (Box 237-4 and Table 237-7). In dogs and cats, 
saline diuresis, diuretic therapy with furosemide or ethacrynic 
acid, and corticosteroids are the most commonly used modes of 
therapy. As a general rule, diuretic therapy and saline diuresis 
can be initiated without interfering w r ith the diagnostic evalua¬ 
tion. Because the incidence of hypercalcemia associated with 
lymphosarcoma is great, glucocorticoids should not be adminis¬ 
tered unless a specific diagnosis has been confirmed. 

Fluid Therapy 

Correction of fluid deficits The primary indication for 

fluid therapy is dehydration. Decreases in fluid intake due to 
nausea and vomiting, plus an inability to concentrate urine, 
are common causes for dehydration in hypercalcemic dogs 
and cats. Dehydration, in turn, impairs calcium excretion by 
reducing GFR and increasing renal tubular absorption of cal¬ 
cium. 40 Dehydration also causes hemoconcentration, hyper- 

proteinemia, and further increases in total and ionized serum 


Diuretic Therapy The use of potent diuretics, in conjunc¬ 
tion with saline diuresis, ensures maximal urinary sodium 
excretion and, in turn, calciuresis. Volume expansion must 
precede administration of furosemide. Furosemide enhances 
the ealciuric effects of volume expansion by inhibiting calcium 
reabsorption in the thick ascending limb of the loop of Henle. 
Furosemide should also prevent severe volume overloads 
Recommended protocols typically suggest a 5 mg/kg intravenous 
bolus followed by 2 to 4 mg/kg given twice a day or three 
times a day. 41 Thiazide diuretics should not be used because 
they decrease renal calcium excretion and may exacerbate 
hypercalcemia by enhancing distal tubular reabsorption, 6 

Glucocorticoids The beneficial effects of glucocorticoids in 
the symptomatic management of hypercalcemia include 
reducing bone resorption of calcium, decreasing intestinal 
calcium absorption, and increasing renal calcium excretion 
Glucocorticoids are cytotoxic to neoplastic lymphocytes and 
inhibit growth of neoplastic tissue, accounting for their 
beneficial effects in lymphoma and multiple myeloma. They 
counteract effects of vitamin D toxicosis or granulomatous 
diseases. In general, nonhematologic cancers do not respond to 

glucocorticoids nor do animals with PHPTH. 42 Administration 
of glucocorticoids should be delayed until a definitive diagnosis 
has been established. Lymphosarcoma is the most common 
cause oi hypercalcemia in the dog, but the administration of 
glucocorticoids may interfere with subsequent ability to con¬ 
firm this diagnosis. Prednisone or prednisolone (l to 2 mg/kg 
tw r ice a day) or dexamethasone (0,1 to 0,2 mg/kg twice a day) 

can be used in the management of hypercalcemia. These drugs 
can be given orally, subcutaneously, or intravenously. 

Bisphosphonates The bisphosphonates are compounds 
structurally related to pyrophosphate, a normal metabolic by¬ 
product. The chief property of these compounds is their 
inhibitory effect on osteoclast function and viability, 43 GI 
absorption is poor (<c 10%), but intravenous administration 
has been effective in treating hypercalcemic humans. 6 
Considering the early occurrence of bone resorption and bone 
loss in humans with multiple myeloma, for example, the 
benefit of bisphosphonates are impressive, even in humans 
w r ho have no osteolytic lesions at the start of therapy. 
These drugs have beneficial skeletal effects and also slow 
tumor growth by inhibiting the production by osteoblasts ol 

interleukin-6 (1L-6), a growth factor essential to myeloma 
cells, 44 Three bisphosphonates (etidronate, clodronate, and 




Box 237-4 i Ufifl| 

General Treatment of Hyp ercalcemia 


Definitive 

Remove underlying cause 


Supportive 

Initial considerations 

Fluids (0.9% sodium chloride) 

Furosemide 
Sodium bicarbonate 
GI u coco rt icostero i d s 
Secondary considerations 
Bisphosphonates 
Calcitonin 

Tertiary considerations 
Mtthramycin 

Fthylenediamine tetra-acetic acid (EDTA) 
Peritoneal dialysis, homodialysis 
Future considerations 
Calcium channel blockers 
Somatostatin congeners 
Calcium receptor agonists 
Nonhypercalcemic calcitriol analogues 
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Specific Treatment of Hypercalcemia (Not Needed in Primary Hyperparathyroidism) 


TREATMENT 


DOSE 


INDICATIONS 


COMMENTS 


Volume Expansion 


SQ sc tine (0.9%)* 


75-100 mL/kg/day 


Mtld hypercalcemia 


Contraindicated if peripheral edema 
is present. 

Contraindicated in congestive heart 
failure and hypertension. 






IV saline (0.9%)* 


100-125 mL/kg/day 


Moderate to severe 
hypercalcemia 






Diuretics 

Furosemide 


2-4 mg/kg bid to tid 

IV SQ, PO 


Moderate to severe 
hypercalcemia 


Voiume expansion is necessary 
before use of this drug. 


Alkalinlzing Agent 

Sodium bicarbonate 


1 mEq/kg IV slow bolus; may 

continue at 03 x base 

deficit x wt in kg/day 


Severe hypercalcemia 


Requires dose monitoring. 


Glucocorticoids 

Prednisone 

Dexamethasone 


1-2.2 mg/kg bid P0 p SQ IV 
0.1-0.22 mg/kg bid, IV SQ 


Moderate to severe 
hypercalcemia 


Use of these drugs before 

identification of cause may make 
definitive diagnosis difficult! 


Bone Resorption Inhibitors 

Calcitonin 


4-6 lU/kg SQ bid to tid 


Hypervitaminosis D 


Response may be short-lived. 
Vomiting may occur. 


Bisph osphonate s 

EHDP-Didronel 


15 mg/kg q24h to bid 


Moderate to severe 
hypercalcemia 


All are expensive, and use in dogs is 
limited. 

Ciodronate is approved for use in 
humans in Europe; availability in 
United States may be limited. 


Godronate 


20-25 mg/kg in a 4-hr 
IV infusion 

1.3 mg/kg m 150 ml 0.9% 
saline in a 2-hr IV infusion, 
can repeat in 1 week 


Po m i d ro n at e 


Mithra mycin 


25 pg/kg IV in 5% dextrose 
over 2-4 hrq2-4 wk 


Severe hypercalcemia, 
re f ra etc ry H H M 


Limited use in dogs ond cats. 
Nephrotoxicity, hepatoxicity, 
t h ro m bocyto pen ia. 


Miscellaneous 

Sodium EDTA 
Peritoneal dialysis 


25-75 mg/kg/hr 
Low calcium dialysate 


Severe hypercalcemia 
Severe hypercalcemia 


Nephrotoxicity. 

Short duration of response. Use in 
hypercalcemia not reported. 


‘Potassium supplementation is necessary. Clinician should add 5 to 40 mEq KCI/L depending on serum potassium concentration. 
HHM, Humoral hypercalcemia of malignancy. 


pamidronate) are approved in western countries for treatment 
ol hypercalcemia in humans. Availability of other potent bis- 
phosphonates (aminohexane bisphosphonate, risedronate, and 
alendronate) and other inhibitors of bone resorption (gallium 
nitrate, paditaxel) open new avenues for more efficient treat¬ 
ment of hypercalcemia and bone disease. Ciodronate was used 
successfully for treatment of lymphoma-induced hypercalcemia 
in one dog and vitamin D toxicosis in one dog. 45 Pamidronate 
has been used successfully to reverse vitamin D-induced 
toxicosis in dogs, 4647 

Calcitonin Calcitonin reduces osteoclast activity and the 
formation of new osteoclasts. It may be effective, at least 


temporarily in decreasing serum calcium concentrations in 
those cases of hypercalcemia associated with excessive osteo¬ 
clastic activity, 4 ' 1 In humans, calcitonin has not been uniformly 
effective in lowering serum calcium concentration, either 
because the mechanisms of hypercalcemia induced by the dis¬ 
ease are nonresponsive to calcitonin or because patients 
become refractor)’ to its effects. The drug has been described 
as "weak/ short-acting, and having few side effects. 6 4@ 49 

Salmon calcitonin (Calcimar solution, USV Laboratories, 
Tanya own, New f York) is the most potent congener available. 
Reports in the veterinary literature support use of this drug 
for the treatment of cholecalciferol rodenticide intoxication. 
Several doses have been reported, but the number of dogs and 
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cats in which the drug has been used is too small for 
mendatkms regarding their effectiveness. Some reported doses 
in dogs include 4.5 U/kg subcutaneously every 8 hours; 
8 U/kg subcutaneously every 24 hours; and 5 U/kg subcuta¬ 
neously every 12 hoursT' r] In cats, 4 U/kg intramuscularly 

every 12 hours was used successfully. 57 

Plicamycin (Mithramycin) Plica mvcin (previously termed 

mithramycin) is a cytotoxic compound initially evaluated 

cancer chemotherapeutic agent. This agent is a potent 
inhibitor of RNA synthesis in osteoclasts and an effective 
treatment for hypercalcemia. Significant toxicity, including 
thrombocytopenia, hepatic necrosis, renal damage, and 
hypocalcemia has been caused by the drug. Clinically signifi¬ 
cant toxicity was not observed in normal dogs after two IV 
treatments. Shivering was noted during the infusion, and 
osteoclastic activity was reduced. 5754 Two doses have been 
reported: 25 g/kg and 50 g/kg once or twice weekly to control 
hypercalcemiaEffects of this drug on serum total and ion¬ 
ized calcium concentrations were studied in nine dogs with 
hypercalcemia of malignancy, one dog with PH PTH , and 
dog with vitamin D toxicosis. High-dose mithramycin (100 g/kg) 
caused fatal acute hepatocellular necrosis in two dogs. Low 
doses (25 g/kg) were effective in normalizing total and ion¬ 
ized calcium concentrations within 24 to 48 hours in six of 
nine dogs, including a dog with vitamin D toxicosis. The 
effects were short lived (1 to 3 days) in three dogs and lasted 
longer (ahout 7 days) in three dogs. Side effects w'ere mild in 
dogs treated with the low dose and included mild Gl signs in 
three dogs and reduction in platelet counts in three dogs. The 
low dose did not cause evidence of hepatic disease, reduce 
tumor size, or reduce PTH rP concentrations, 54 

EDTA I he intravenous injection of sodium EDTA has 
been used to reduce ionized calcium concentrations immedi¬ 
ately in humans w'ith life-threatening hypercalcemia. Infused 
EDTA forms complexes with ionized calcium that are rapidly 
excreted by the kidney. 40 A dose of 25 to 75 mg/kg/hr has been 
suggested as a starting point for the treatment of hypercalcemia 
in the dog - ! Unfortunately, EDTA is nephrotoxic, and acute 
renal failure may be a consequence of its infusion. 

Bicarbonate The ionized fraction of serum calcium is deter¬ 
mined partly by an animal s acid-base status Correcting acido¬ 
sis or creating a slight alkalosis with bicarbonate therapy shifts 
ionized calcium to the protein-bound fraction, rendering it less 
harmful. A dose of 1 to 4 mEq/kg has been recommended. 5 * 
A single intravenous dose may last as tong as 3 hours in 
normal cats. 57 The effect of the drug is mild, and it may be 
helpful when administered with other treatments. 

Dialysis Hemodialysis and peritoneal dialysis with calcium* 

free dialysate solutions have been used effectively in humans 
to lower serum calcium concentrations when other methods 
have failed, 7 40 These techniques are particularly effective in 
patients with severe renal failure because fluid and diuretic 
therapy depends on 

Significant quantities of phosphate may also be dialyzed from 
the blood, Because phosphate depletion may aggravate hyper¬ 
calcemia, serum phosphorous concentrations should be 
itored and supplements given as required. 

Calcium Receptor Agonist Therapy 
PH PTH has been limited, although new 
lowed discovery of a calcium-sensing receptor on parathyroid 
cells that down-regulate synthesis and secretion of PTH. 
Molecules that mimic the effect of extracellular calc 
also activate this receptor and inhibit parathyroid cell function. 

I he Phenylalkylamine (R}-N-(3-methoxy-aipha-phenyIetbyl)- 
3-(2-ch!orophenyl)-1-propylamine, or R-5b58, is one such 


calcimemetic compound. The drug did reduce serum PTH and 
ionized calcium concentrations in postmenopausal women 

with primary hyperparathyroidism. 

Surgical Therapy for Primary Hyperparathyroidism 

Assessing the Parathyroid G lanAs During Surgery 

How many glands are involved? Surgical techniques for 
removing parathyroid tumors are described in various text¬ 
books. It is important to attempt identification and evaluation 
of all four parathyroid glands before deciding on which gland 
or glands to remove. However, most dogs w ith PH PTH only 
have one obvious gland because the others are atrophied 
About 90% of dogs with PH PTH have a solitary, autonomously 
functioning, parathyroid mass. Virtually all of the remaining 
dogs have two abnormal glands Once an ultrasonographer 

demonstrates competence at identifying parathyroid glands and 
parathyroid tumors, the clinician should be reluctant to send 
dog suspected of having PH PTH to surgery if 

parathyroid mass or masses are not seen via cervical ultrasono¬ 
graphy. Visualizing a mass supports the diagnosis and informs 
the surgeon where abnormal tissue is located. The process of 
evaluating parathyroid tissue at surgery' w ithout prior ultrasound 
evaluation can be extremely easy or quite difficult. The surgeon 
may easily visualize enlargement of one (common), two (less 
common), or more than two glands (rare). However, abnormal 
parathyroid tissue may not be readily identified. Any enlarged 
abnormal tissue should be removed and submitted for histologic 
evaluation, assuming that three or fewer parathyroids appear 
enlarged, discolored, or both. The remaining intact gland 
glands should prevent permanent hypoparathyroidism, although 
transient hypocalcemia may develop after surgery due to 
□trophy of normal glands after chronic suppression by the 
autonomously functioning abnormal gland or glands. An 
attempt must be made to ensure that at least one parathyroid 
gland remains intact to maintain calcium homeostasis and 
vent permanent hypocalcemia. If none of the parathyroid glands 
appear enlarged or if all appear small, the diagnosis of primary 
PHPTH must be questioned. Uniform enlargement of all four 
glands should make one suspicious of a secondary condition. 

Intravenous methylene blue infusion (3 mg/kg) has been 
described as a tool for improving a surgeon's ability to recog¬ 
nize abnormal glands. Three dogs with Phi PTH were evaluated, 
and each had a tumor identified after new methylene blue infu¬ 
sion. Two of the three dogs developed anemia, Heinz bodies, 
and red blood cell (RBC) 'blistering' after the procedure. 
This procedure is not recommended. 

The solitary adenoma, hyperplastic nodule. 

Almost all dogs with PHPTH have a solitary, easily identified, 
parathyroid adenoma. Fourteen of the 187 dogs with PHPTH 
in our series had parathyroid masses that at surgery' appeared 
to be typical adenomas bin histologically were diagnosed as 
carcinoma. Another 3 2 dogs had parathyroid masses that 
classified as hyperplasia.* 0 Approximately one half of tumors 
have been identified on the ventral surface of the thyroid 
glands. 11 not seen on the ventral surface, careful inspection of 
the dorsal surface of each thyroid lobe usually reveals the 
mass as a discrete structure on. or within, the adjacent thyroid 
tissue (Figure 237-6), 'External' parathyroid adenomas have 

been easily removed without damage to surrounding tissue 
Surgeons may choose to remove the entire thyroid-parathy¬ 
roid structure in dogs with an internal" parathyroid adenoma. 
In about 5% of dogs, the surgeon was not able to identify 
abnormal tissue and removed the thyroid lobe suggested by 
cervical ultrasonography as containing the parathyroid mass. 
In each case, that decision w r as correct. 

Enlargement of multiple parathyroid glands When more 
than one enlarged gland is identified, the concern is primary 
versus secondary (renal or nutritional) hyperparathyroidism. 
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Figure 237-6 A, Surgical site during removal of a solitary parathyroid adenoma (tip of forceps), 
B r Surgical site during removal of a solitary parathyroid adenoma White arrows delineate the cra¬ 
nial and caudal poles of the thyroid glands; black arrows point out the parathyroid adenoma, 
C Surgical site during removal of an "internal'' parathyroid adenoma. Solid arrows delineate the 
cranial and caudal poles of the thyroid, which is being retracted from the trachea to reveal the 
parathyroid adenoma (open arrows) on the dorsal surface of the thyroid. T, trachea. (From Feldman 
EC, Nelson RW; Canine and Feline Endocrinology and Reproduction, 3rd ed, Philadelphia, 

WR Saunders Co r 2004,] 


The presurgical ev 
eliminate secondary disease If the clinician is convinced that 
primary disease is present, a decision to remove two glands is 
Straightforward, However, if four glands arc involved (an 
extremely rare situation], the decision should be based on 
clinical status, renal function, and ability of the owner to treat 
permanent hypoparathyroidism 

Only 14 of 187 dogs with PH PTH (7%) had enlargement 
of more than one gland each. Of these 14 dogs, each of 13 
dogs had two enlarged glands and one had four enlarged 
glands. Each of three dogs had two "hyperplastic’ parathy¬ 
roids, each of three dogs had two parathyroid adenomas, each 
ot three dogs had one adenoma and one hyperplastic gland, 
each of two dogs had one 

one of the dogs with two masses had one adenoma 
and one carcinoma (histologic classification is discussed in a 

following section]. One of the 187 PHPTH dogs had enlarge¬ 
ment of all four glands. Wl Each of these four glands were clas¬ 
sified histologically as being hyperplastic. Enlargement of all 
four glands suggests either multiple adenomas or, more likely, 
parathyroid hyperplasia. 

Recurrence of PHPTH Sixteen of 187 dogs with PHPTH 

in our series had a solitary parathyroid mass removed surgi¬ 
cal] v with resolution and then recurrence of their disease. In 
each case, resolution of the PHPTH persisted for at least 
6 months, and in 13 of the 16 dogs, PHPTH had resolved for 
12 to 30 months, whereas in three it lasted 6 to 12 months. 
Each dog then had recurrence of hypercalcemia caused by a 


, as reviewed, should identify' or 


second solitary', autonomously functioning, surgically removed 
parathyroid mass. The initial diagnosis in 1 1 dogs was parathy¬ 
roid adenoma, three had a parathyroid carcinoma, and two 
had parathyroid hyperplasia. The histology' report after the 
second surgery was the same in 12 dogs. How ever, two of the 
three dogs that initially had a parathyroid carcinoma had an 
adenoma at recurrence and one dog with an adenoma initially 
had a carcinoma removed at the second surgery. One dog with 
hyperplasia initially had an adenoma removed at the second 
surgery. Thus it is possible for the disorder to recur, suggesting 
that periodic rechecks of the serum calcium concentration 
after stabilization would be warranted. Seven ol the 16 dogs 
were Keeshonden, and this breed may warrant more routine 
evaluations after initial treatment. 


hyperplastic gland and 


one carci- 


n o m a 


No parathyroid mass at surgery If an enlarged parathy' 
roid gland is not identified after thorough inspection of both 
thyroid areas by an experienced surgeon, careful exploration 
of the ventral neck should be completed and any abnormal 
tissue excised. The most likely explanation for not finding a 
parathyroid mass includes hypercalcemia due to occult neo¬ 
plasia, PTH production by a parathyroid tumor located outside 
of the typical cervical region (in the cranial mediastinum], or 
the presence of a nonparathyroid tumor producing PTH (he., 
ectopic hyperparathyroidism]. Presurgical cervical ultrasonog¬ 
raphy should identify' a parathyroid mass. Failure to visualize 
a parathyroid mass would best be managed by obtaining another 
ultrasound opinion or delaying surgery' for 1 to 3 months and 
then rechecking the cervical ultrasonography. 
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We have no experience with surgical exploration of the 
cranial mediastinum for a parathyroid mass. Such surgeries 
have inherent technical difficulties. The likelihood of findi 
ectopic abnormal parathyroid tissue is small. The greater like- 
lihood of malignancy-associated hypercalcemia suggests that 
the decision to continue surgical exploration be carefully con¬ 
sidered. Further diagnostic tests should be undertaken to iden¬ 
tify occult neoplasia. 

Novel Therapies for Primary Hyperparathyroidism 
in Dogs 

Percutaneous Ultrasound-Guided Ethanol Ablation 

Ultrasonography is an excellent method of identifying 
parathyroid masses in dogs with hypercalcemia secondary to 
PH PTH, Based on our experience 
tic aid and studies performed on people with PH PTH H we 
elected to assess the efficacy of ethanol ablation as a treatment 
for this disorder. 1 '- Ethanol causes coagulation necrosis and 
vascular thrombosis in the parenchyma of exposed tissue. 

PH PTH was diagnosed in 12 dogs. Their clinical and bio¬ 
chemical evaluation was typical lor the disease. Each dog had 
a solitary hypoechoic round to oval mass near the thyroid 
gland on cervical ultrasonography. Parathyroid masses were 
identified on the right side of the neck in eight dogs and on 


the left in the other four. All the masses were 4 to 10 mm in 
length, located at the cranial aspect of one thyroid lobe in six 
dogs, within the caudal pole of a thyroid lobe in 
and in the midbody of the thyroid gland in three dogs. 
Calculated volume of the parathyroid masses ranged from 
0.06 to 0.16 cm\ it was assumed that each dog had a mass 
autonomously secreting PTH. 

Each dog was placed under general anesthesia, and the 
ventral cervical region was clipped and aseptically prepared. 
The parathyroid mass was identified with ultrasound, and the 
tip of a 2 7-gauge needle, with tubing and syringe attached, was 
guided into the parathyroid using ultrasound (Figure 237-7). 
The approximate volume of the mass was matched with 
equal volume of ethanol placed in the syringe. Ethanol was 
slowly injected into the mass with continuous ultrasound mon¬ 
itoring. The goal of therapy was to inject enough ethanol to 
allow complete diffusion throughout the mass. The injection 
procedure requires a high-resolution transducer (10 MHz fre¬ 
quency) to allow assessment of the superficial tissues of the neck. 
Because parathyroid masses are small and sometimes in close 
proximity to nerves and vessels, considerable experience with 
ultrasound-guided needle placement is necessary 7 . 

Ethanol was easily seen with ultrasound during injection 
because it is hyperechoic (see Figure 237-7). Each parathyroid 
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Frgure 237-7 Ultrasonographic appearance of chemical ablation of a parathyroid mass in a dog. 
A, Sagittal view of the parathyroid mass prior to treatment. B, A 27-gauge needle is inserted into 
the mass. C, A test injection of 96% ethanol is used to confirm placement of the needle inside the 
mass. The reader should note that the ethanol is hyperechoic in relation to the parenchyma of the 
mass, D, After injection of the target dose of ethanol, the entire mass has an echogenic appearance 
(from Long CD et al; Percutaneous ultrasound-guided chemical parathyroid ablation for treatment 

oi primary hyperparathyroidism in dogs. J Am Vet Med Assoc 215:217, 1999, with permission.) 
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mass was injected with 50% to 150% of the calculated parathy¬ 
roid volume. No dog was under anesthesia for more than 
1 hour, and the mean duration of anesthesia was 38 minutes. 
A single injection was administered to 11 ol the 12 dogs. One 
dog was injected a second time 48 hours after the first dose 
failed to decrease the serum calcium concentration into the ref¬ 
erence range. All 12 dogs had decreases in serum total calcium 
concentration into the reference range. In 11 dogs this decrease 
was documented within 48 hours of injection (10 after the first 
injection and one after the second injection). One dog did not 
have resolution of its hypercalcemia until the fifth day post* 
treatment. One dog had a recurrence of hypercalcemia 30 days 
after injection and was treated surgically. Each of the other 11 
dogs remained normal for more than 18 months. The only 
adverse side effect was a transient change in the ’ bark 11 in two 
dogs, potentially as a result of transient, unilateral, laryngeal 
paralysis injection ol bilateral masses is not recommended. 

The conclusion of this study was that ultrasound-guided 
ethanol ablation was an efficacious mode of therapy for 
PH PI H in dogs. The cost of the procedure was considerab 1 y 
less than (or surgery. Chemical ablation of parathyroid masses 
may be more effective in dogs than in humans because canine 
parathyroid masses are considerably smaller, thus requiring a 
smaller dose of ethanol for complete ablation. 

Fere u la neo us l Jhrasound- Guided R adiofreq u ency Heal 
Ablation Heat destroys tissue by causing thermal necrosis. 
This form of therapy has several advantages as compared with 
ethanol ablation, (first, radiofrequency damages a discrete quan¬ 
tity of tissue surrounding the noninsulated portion of the 
needle (no potential for leakage' 1 exists as with ethanol). 
Radiofrequency offers the additional advantage of not causing 
damage to regional vasculature. Vascular blood flow disperses 
heat from vessel walls. In humans, this treatment modality has 
a higher success rate than ethanol for ablation of masses, and 
fewer treatments are required to achieve 
Radiofrequency heat ablation has been used in the treatment 
of multifocal hepatic masses and breast and nasal masses. fi3 ^ 4 
The disadvantage oi radiofrequency is equipment cost. 

Candidates for this procedure must hav 
mass visible with ultrasonography; that mass must be large 
enough to have a needle inserted into it with ultrasound guid¬ 
ance (usually greater than 3 mm in diameter); the mass can not 


be subjectively considered too close to the carotid artery; and 
the dog should not have cystic calculi to be surgically removed 
because cervical surgery is a straight-forward addition to 
abdominal surgery Since starting to use this treatment, 19 dogs 
did not meet the criteria tor inclusion. An attempt was made 
to treat two dogs early in the study period, but the capsule 
could not be penetrated with the needle, and treatment 
not attempted. Since then, a different more penetrating needle 
has been used. In one dog the parathyroid mass was too small 
for needle placement, and in four dogs the parathyroid 
was considered too close to the carotid artery for safe needle 
placement. Twelve dogs had cystic calculi that required surgi¬ 
cal removal. In each of these dogs, parathyroid surgery and 
abdominal surgery were performed at the same time. 

Between September of 1999 and January of 2003, 33 dogs 
with PHP! H were treated with percutaneous heat ablation. 
Each dog had clinical and biochemical features that were typ¬ 
ical for PH PTH. A solitary parathyroid nodule was identified 
by use of cervical ultrasonography in 26 dogs, seven dogs had 
two nodules each (a total of 40 masses in the 33 dogs). Five 
of these seven dogs had both nodules on the left side of the 
neck and two dogs had one nodule associated with each thy¬ 
roid lobe. The ultrasonic appearance of the 40 masses was sim¬ 
ilar. All masses were spherical or ovoid and hypoechoic to the 
surrounding thyroid parenchyma. Length varied from 3 to 
20 mm. Each dog w ith a solitary parathyroid mass was treated 
once. Each dog with two parathyroid nodules on the same side 
of the neck had both masses treated during the initial anes¬ 
thesia. Each nodule was treated separately, 30 days apart, in 
the two dogs w'ith one nodule on each side of the neck. 

Each dog was placed under general anesthesia and the 
ventral cervical region was clipped and aseptically prepared. 
The parathyroid mass w-as identified with ultrasound, and the 
tip of a 20-gauge, over*the-needle (insulated] catheter, was 
directed into the mass using ultrasound guidance. An insu¬ 
lated wire connected the needle with the radiofrequency unit 
(Radiotherapeutics, Inc., Redwood City, California). Initially, 

10 w atts of energy was applied to the tissue for 10 to 20 seconds 

11 echogenic hubbies w r ere not sonographically viewed at the 
needle tip during this time, the wattage was increased. 
Two-watt incremental increases were continued every 5 to 
3 0 seconds until echogenic foci became apparent (Figure 237-8). 
Further, il an audible popping sound could be heard, the 
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Figure 237-8 Left lateral sonographic images of an oval hypoechoic parathyroid nodule 
a dog prior to Heat ablation (A), with the insulated needle passing through the superficial soft 
tissues into the cranial aspect of the mass (B), and after heat ablation (C).The reader should note 
the hyperechoic foci in the parenchyma of the gland in C. (From Pollard RE et ah Percutaneous 
ultrasonographic ally guided radiofrequency heat ablation for treatment of primary hyperparathy¬ 
roidism in dogs. J Am Vet Med Assoc 218:1106, 2001, used with permission.) 
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maximum heat application was arbitrarily determined to have 
been reached and additional wattage increases were not made. 
The needle was arbitrarily redirected multiple times, if neces¬ 
sary, in an attempt to completely ablate each mass. Mean 
anesthesia time was about 40 minutes, but this progressively 
decreased as experience with this procedure increased. 

The procedure was uniformly successful in these 33 dogs 
as demonstrated by the dramatic reduction in serum PTH and 
normalization of both total and ionized calcium concentra¬ 
tions that occurred within days of heat ablation. Serum cab 
cium concentrations have remained within the reference range 
for more than 1 year. One dog improved for only 1 month and 
was treated surgically after hypercalcemia recurred. One dog 
with a unilateral parathyroid mass developed a transient voice 
change immediately after heat ablation, which resolved 
within 5 days. It is uncertain whether this voice change was 
secondary to intubation or the ablation procedure. Signs of 
pain, swelling, or respiratory distress were not detected in any 
of the dogs. Fifteen of the dogs required vitamin D therapy 
for postablation hypocalcemia (see following section). This is 
currently our preferred mode of treatment for dogs with 
PH PTH that do not have cystic calculi. 

Post-Trent merit Management 
of Potential Hypocalcemia 

Background Normal parathyroid glands atrophy if their 
function has been suppressed for a prolonged time due to 
autonomous secretion of PTH by a parathyroid adenoma, car¬ 
cinoma, or primary hyperplasia. Surgical removal or ablation 
of this source for PTH results in a rapid decline in circulating 
PTH concentration (Figure 237-9) and a corresponding 
decline in serum calcium concentrations. This process typi¬ 
cally lakes place over a period of 1 to 7 days. Risk of post¬ 
treatment hypocalcemia correlates with the duration and 
severity of hypercalcemia prior to surgery (i e., the higher the 
pretreatment calcium and the longer a dog has been hyper- 
calcemic, the greater the risk of hypocalcemia after resolution 
of the PH PTH ). Beginning vitamin D therapy immediately 
prior to or after surgery does not prevent decreases in serum 
calcium concentrations to or below the reference range but 
usually helps to avoid worrisome hypocalcemia or tetany, 

Presurgical Serum Calcium Concentration Less than 

14 mg/dL If the serum calcium concentration prior to 
surgery is less than 14 mg/dL, the risk of postsurgical hypocal¬ 
cemia is relatively small. Results between 14 and 15 mg/dL 


are inconsistent. The recommendation is to hospitalize such 
dogs for at least 5 days after surgery to monitor total serum 
calcium concentrations once or twice daily. Hospitalization 
also reduces a dog s activity by maintaining it in a cage or run. 
Active hypocalcemic dogs are at greater risk for clinical tetany 
than those kept quiet. If the total serum calcium concentra¬ 
tion remains above 8.5 rng/dl. (assuming a lower reference 
limit of 9 to 10 mg/dL), treatment for hypocalcemia is not 
recommended, [f the serum ionized calcium concentration 
remains above 0,8 mmol/L (assuming a lower reference limit 
of about 1.1 mmol/L), treatment is not recommended. The 
reader should note, however, that these are general recom¬ 
mendations. It would never be incorrect to begin vitamin D 
therapy if one is concerned about rate of decrease in calcium 
or simply one wishes to be proactive. If the serum calcium 
concentrations decline below the limits suggested, or if clinical 
signs of hypocalcemia are observed (Box 237-5), treatment 
with vitamin D (± calcium) is suggested, 

Presurgical Serum Calcium Concentration Greater than 
15 mg/dL The higher the presurgical serum calcium con¬ 
centration, the more chronic the hypercalcemic condition, or 
both, the more likely it is that a dog will become clinically 
hypocalcemic after resolution of PH PTH, Knowing the dura¬ 
tion of hypercalcemia would be valuable but is often not pos¬ 
sible in dogs or cats. It can be assumed that dogs with serum 
calcium concentrations persistently greater than 15 mg/dL 
due to FHPTH have been hypercakemic for sometime. It is 
recommended to prophylactically attempt to avoid hypocal¬ 
cemia after surgery in this population of dogs by beginning 
vitamin D (Hytakero! or Calcitriol) ± calcium therapy the 
evening before or the morning of surgery or immediately after 
recovery from anesthesia. In some cases we have begun vita¬ 
min D therapy 24 to 36 hours before surgery because of the 
known delay in onset of vitamin D action. This becomes 
important in dogs severely hypercalcemic prior to surgery’' 
(> 18 mg/dL). Initiation of these treatments has not prevented 
decreases in serum calcium concentration to or below reference 

ranges after surgery Each dog should he kept quiet in the hos¬ 
pital for at least 5 days after treatment. Postsurgical hypocal¬ 
cemia has been documented as quickly as 12 hours after surgery 
to as long as 20 days later. Most become hypocalcemic between 
2 and 6 days after surgery.Tetany, when it has occurred, is most 
commonly seen 4 to 7 days after treatment. The serum calcium 
concentration should be monitored once or twice daily. 

The goal of calcium and vitamin D therapy is to maintain 
the serum calcium concentration slightly low to low-normal 
(Le, ( 8 to 9.5 mg/dL), These serum calcium levels prevent 
clinical signs of hypocalcemia and minimize risk of hypercal¬ 
cemia while simultaneously being low enough to stimulate 
recovery' of function in atrophied parathyroid glands. In addi¬ 
tion, one should avoid mid- to high-norm a I or increased serum 
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Clinical Signs Associated with the Acute Onset 
of Hyp ocalcemia 


Panting 

Nervousness 

Muscle trembling, twitching 
Leg cramping, pain 
Ataxia, stiff gait 
Facial rubbing 

Focal or generalized seizures 
Biting of the feet 


after surgery 

Figure 237-9 Serum PTH concentrations before and after 

surgery in eight dogs in which a solitary functional parathyroid 
adenoma was removed. (From Feldman EC, Nelson RW: Canine 
and Feline Endocrinology' and Reproduction, 3 rd ed. Philadelphia, 
WB Saunders Co, 2004.) 
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calcium concentrations. Such levels of calcium are typically 
associated with increases in serum phosphate concentrations 
and predispose the dog to tissue mineralization. 

As the parathyroid glands regain control of calcium home¬ 
ostasis, calcium and vitamin D supplements can be gradually 
withdrawn. This process of returning parathyroid function in 
remaining glands is predictable, allowing the gradual with¬ 
drawal (tapering] of calcium and vitamin D supplements. Once 
the serum calcium concentration is stabilized and the dog has 
been returned to the owner, withdrawal of the supplements 
may be initiated. Vitamin D is usually withdrawn first by grad¬ 
ually extending the time between administration (e g,, twice 
daily to once daily for 2 weeks; to once even 1 other day for 
2 weeks; then once every third day for 2 weeks; then once every 
fourth day for 2 weeks; and finally once weekly for 2 to 
4 weeks). The serum calcium concentration should he checked 
prior to each downward adjustment in dosing interval to pre¬ 
vent development of occult hypocalcemia. 11 the serum calcium 
concentration drops below 8 mg/dL, decreases in vitamin D 
supplementation should be delayed or the dose increased. The 
serum calcium concentration should remain above 8 mg/dL to 
minimize the risk of tetany. Once the vitamin D supplementa¬ 
tion has been reduced to once weekly for a period of 2 to 
4 weeks, it may be discontinued. If the serum calcium concern 
tration remains within the normal range, the calcium supple- 
ments can then be gradually withdrawn. The entire withdrawal 
process for vitamin D and calcium usually takes 3 to 4 months. 
The clinician should remember that considerable individual 
variation occurs in response to therapy; therefore it is impossi¬ 
ble to check the serum calcium concentration too frequently. 

Vitamin D Resistance Occasionally, dogs (but more often 
cats) seem resistant to vitamin D in tablet form. This problem is 
usually resolved by using the liquid form of dihydrotachysterol 
or by using oral or parenteral calcitriol. It is not common for 
dihydrotachysterol to begin to have an effect within the first 
24 hours of therapy. Rather, vitamin D gradually takes effect 
during the first several days of therapy and almost always 
within 4 to 7 days of the first dose. 

Pathology 

Abnormal, autonomously functioning parathyroid glands from 
humans, dogs, and cats have been characterized histologically as 
adenoma, carcinoma, and hyperplasia. Controlled studies of his¬ 
tologic interpretations by pathologists have shown that it is dif¬ 
ficult to consistently distinguish adenoma from hyperplasia and 
that nonm align ant parathyroid tissue may r in some cases, have 
many of the histologic features of malignancy, 1 Thus histologic 
classification of parathyroid disease depends, to some degree, on 
gross features observed during surgery. The surgeon determines 
the number, size, and appearance of normal versus abnormal 
glands. The pathologist then determines whether removed 
tissue is parathyroid. Single-gland involvement (adenoma, car¬ 
cinoma, or hyperplasia] occurs in about 80% of hyperparathy¬ 
roid humans and multiple-gland involvement ( hyperplasia ) in 
about 20%d 8 W It appears that single-gland involvement occurs 
in about 90% of dogs with PH PTH and multiple glands (almost 
always two but not more than two) occurs m about 10%, The 
diagnosis of carcinoma is based on a combination of gross 
appearance, histology, and, ultimately, biologic behavior ol the 
lesion. Less than 2% of autonomously secreting parathyroid 
glands in humans are malignant.^ 7 In dogs, about 5% to 10% of 
dogs have been assigned the diagnosis of carcinoma. Regardless 
of the histologic diagnosis, no dog with distant metastasis has 
been recognized in our ol 187 cases, and recurrence rate (10%) 
is similar, regardless of the histologic diagnosis. 

Prognosis 

The prognosis in dogs with PH PTH is excellent. With proper 
monitoring and appropriate supplementation, hypocalcemia 


may occur after therapy but should be treatable, transient, and 
should not alter the prognosis. About 33% of the dogs devel¬ 
oped clinically significant hypocalcemia after treatment. The 
routine use of vitamin D (dihydrotachysterol or calcitriol] and 
calcium supplementation has dramatically decreased the inci¬ 
dence of tetany. Clinicians should avoid overdosing vitamin D, 
because renal damage is much more likely in tins situation 
than in dogs with PH PTH. 
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PRIMARY HYPERPARATHYROIDISM IN CATS 
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Differential Diagnosis for Feline Hypercalcemia 

It is lair to state that, in general, the same differential diag¬ 
noses lor hypercalcemia in dogs applies to cats. In a study of 
71 hvpercalcemic cats, their mean age at the time of diagno¬ 
sis was about 9 years and their mean serum total calcium con¬ 
centration was 12,2 (lower than hypercalcemic dogs). Anorexia 
and lethargy w r ere the most common clinical signs (70%), 
Vomiting, diarrhea, or constipation were observed in 27% of 
the cats; polyuria, polydipsia, or both vvere observed in 24%; 
and urinary' signs w r ere observed in 23%. Neurologic signs 
were observed in 14%T S 

Neoplasia was diagnosed in 30% of the cats. The most 
common cancers diagnosed included lymphoma and squamous 
cell carcinoma. Less common neoplasms included leukemia, 
osteosarcoma, fibrosarcoma, undifferentiated sarcoma, and 
bronchogenic carcinoma.Renal failure was diagnosed in 
25% of the cats, and half of those cats had urolithiasis. In a 
separate study, chronic renal failure in cats was usually associated 
w'ith total serum calcium concentrations within the reference 
range, whereas serum ionized calcium concentrations were 
low-normal to low. 7<> Of cats with hypercalcemia, several had 
urolithiasis without renal failure. Six percent of the cats (four 
cats) had PHPTH and one had hypoadrenocorticism. Several 
cats had hyperthyroidism or diabetes mellitus, but it would 
not seem likely that either of these endocrine problems would 
contribute to hypercalcemia. Four cats (6%) had infectious or 
granulomatous disease i feline infectious peritonitis [FTP], toxo¬ 
plasmosis, actinomyces, and cryptococcosis). Thus the differen¬ 
tial diagnosis for hypercalcemia in cats is not dramatically 

different from that in dogs (see Box 1 Other differen¬ 

tial diagnoses (e g,, vitamin D toxicosis, other neoplastic condi¬ 
tions, various granulomatous diseases) should also be considered. 

Idiopathic Hypercalcemia of Cats 

Hypercalcemia is less common in cats than in dogs, but an 
increased frequency of hypercalcemia in cats has been observed 
in several geographically distinct veterinary centers since about 
1990.- 1 73 It is striking that this hypercalcemia has not been, 

thus far, explained. Veterinarians are identifying young, 
middle-aged, and old cats with mild to moderate hypercal¬ 
cemia and no identifiable cause. Serum total calcium concen¬ 
trations in some of these cats have been increased for years, 
often without clinical signs, but some have poor appetites, 
weight loss, and appear weak. Scrum ionized calcium concen¬ 
trations are also increased, sometimes out of proportion to the 
increase in total calcium concentration. 21 

Nephrocalcinosis or uroliths may be observed on radio¬ 
graphs or on abdominal ultrasonography in some hypercal¬ 
cemic cats. It has been estimated that as many as 33% of cats 
w'ith calcium oxalate urolithiasis have had hypercalcemia. 
Renal function (based on BUN and serum creatinine concen¬ 
trations) is initially within reference ranges, but renal failure 
may develop in some cats. By definition, these cats have had 
no evidence of a neoplastic condition (including necropsy), 
and they are feline leukemia virus (FeLV) and feline immun¬ 
odeficiency virus (FIV) negative. Serum PTH concentrations 
have been normal or low, PTHrP has not been detectable, and 
vitamin D concentrations have been within reference ranges. 
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Venous blood gas analyses have not demonstrated significant 
abnormalities, 21 Exploratory surgery of the cervical region has 
not identified any abnormalities, and subtotal parathyroidec¬ 
tomy has failed to resolve the hypercalcemia. A change to 
high-fiber or to nonacidifying diets may be associated with 
transient improvement but also failed to permanently resolve 
the condition. Treatment with prednisone (usually 5 to 10 
mg/cat/day i has resulted in long-term decreases in serum cal¬ 
cium concentrations in some but not all afflicted cats. 
Prednisone, regardless of the effect on serum calcium concen¬ 
trations, has resulted in improved appetite and w f eight gain in 
some but not all cats. 


cervical mass and polyuria, polydipsia, and muscle weakness 
are common. 

The only consistent abnormality on CBC and serum bio¬ 
chemical profiles was hypercalcemia (Table 237-8), All afflicted 
cats had persistent increases in both serum total and ionized cal¬ 
cium concentrations. Several cats had cystic calculi, and a large 
percentage had abnormalities in BUN and serum creatinine con¬ 
centrations, findings not typical of their canine counterparts. 
Cervical ultrasonography w r as described as ‘'normal” in several 
cats, but others had visible masses that would be considered 
huge in a dog. Cervical ultrasonography on two cats revealed 
parathyroid masses measuring 45x2x1 cm in one cat and 
1.7 x LI x 1 cm in the other, 77 Serum PTH concentrations, 
when measured, ranged from w r ithin the reference range (0 to 
4 pmol/L) to increased. In one cat, seven separate serum PTH 
samples w'ere assayed with five results being within the refer¬ 
ence range and two being increased. 

Most of the 19 cats had surgery and had resolution of the 
PH PTH after extirpation of the abnormal tissue. It seems that 
tetany has not been described in any cat treated with surgery, 
although several became hypocalcemic and were treated with 
vitamin D and calcium. Of the nine cats we followed after 
surgery, all lived well beyond 1 year from surgery, although at 
1.5 years, one had recurrence of hypercalcemia and at 
necropsy was demonstrated to have both a parathyroid ade¬ 
noma and a parathyroid carcinoma. Histologic evaluation of 
tissue from 13 cats had demonstrated parathyroid adenomas, 
three had carcinomas, two had hyperplasia (involving all four 
glands), and one had bilateral cystadenomas. 


Primary Hyperparathyroidism in Cats 

In addition to 10 cats with PHPTH in our series, an additional 
nine cats with PHPTH have been reported. Thus, only 19 cats 
with this condition, as compared with a much larger number 
of similarly afflicted dogs. Seven cats in the author's group of 
10 with hypercalcemia due to PHPTH were described in one 
report, reported four cats were described in one report, two in 
each of two reports and one in another separate report, 2174 77 
The mean age of these 19 cats was approximately 13 years 
(range: 8 to 20 years), and various breeds were represented. 
The most common clinical signs described by owners were 
anorexia, lethargy, and vomiting. Less common signs were 
constipation, polyuria, polydipsia, and weight loss, A parathy¬ 
roid mass was palpable in at least 11 of the 19 cats. The 
presence of a palpable mass and the ow r ner observations 
contrast wdth those of dogs, in which none had a palpable 


Clinical, Laboratory, and Histologic Findings in 10 Cats unth Primary* Naturally Occurring 
Hyperparathyroidism in the University of California, Davis Series 


SERUM 
CREATININE GRAVITY 

(USG) 


URINE SPECIFIC 


CLINICAL 

5IGNALMENT SIGNS 


SERUM Ca 
(mg/dL) 


SERUM PO* RUN 
(mg/dL) (mg/dL) (mg/dL) 


PARATHYROID 

HISTOLOGY 


15 y,o, M/N/, 


Anorexia, vomiting 


14.6 


3.4 


35 


1.8 


Solitary adenoma 


1,011 


DLH 


14 y.o. F/S. 
Siamese 


Anorexia, vomiting, 
muscle 
fasdculation 


22,8 


6.6 


70 


3.2 


1,013 


Solitary adenoma 


1.5 y.o. M/N, 
Siamese 
15 y.o. F/S, 
Siamese 


None 


13.5 


3.3 


21 


2.2 


Solitary adenoma 


1.031 


Polydipsia, polyuria 


13.3 


22 


31 


2.7 


Solitary adenoma 


1.010 


8 y*o. F/S. 


Anorexia, weight loss 


13,8 


1,8 


15 


1.0 


1.015 


Solitary adenoma 


DSH 


14 y.o, 

F/S. DSH 
9 y.o. F/S, 
Siamese 


Polydipsia, polyuria, 
lethargy 

Anorexia 


15.4 


2.5 


30 


Solitary adenoma 


1.2 


1.010 


17.1 


6.2 


63 


2.6 


1,026 


Bilateral 

cystadenoma 
Solitary carcinoma 


9 y.o, M/N, 


Anorexia, vomiting, 
lethargy, 
dysuria 
Constipation 


15.2 


2.6 


59 


3.6 


1,015 


DSH 


14 y.o, 
M/NDSH 
12 y.o. 

M/NDSH 

Reference 

values 


13,4 


3.7 


41 


2.2 


1.022 


Solitary adenoma 


Weight loss, lethargy, 
constipation 


14.1 


3.2 


27 


1,4 


1.018 


Bilateral 

carcinomas 


8.8-11,4 


2.4-6.1 


10-30 


0 , 8 - 2.0 


y.o., Years old; M, male; N f neutered; female; S, spay/ovariohysterectomy; DLH , domestic longhaired; DSH t domestic shorthaired. 
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ground was commonly observed but not usually mentioned by 
owners until specifically questioned. Additional signs included 
cramping and tonic spasm of leg muscles. Focal muscle twitch¬ 
ing, generalized tremors, fasciculations, or trembling was Fre- 
q uently obse rved, as was a stiff, sti h ed, hunched, or rigid gait. 

Seizures Grand mal convulsions have been observed in 
80% of dogs w ith primary hypoparathyroidism. Some ol this 
seizure activity was atypical because there was no loss ot con¬ 
sciousness and the dogs were not incontinent during the 
episode 79 More than 80% of these dogs were observed, by a 
veterinarian, to have seizures or to be 'in tetany.'This repre¬ 
sents a much higher incidence of veterinarian-witnessed neu¬ 
romuscular signs than expected with most seizure disorders. 
The neuromuscular problems became so severe that several 
dogs, although not having seizures, w'ere not able to stand or 
walk. Seizure episodes were as brief as 20 to 90 seconds and 
rarely lasted more than 30 minutes. Most, but not all, general¬ 
ized seizures spontaneously abated. 

Facial rubbing More than 60% of the dogs in our series 
were observed to paw or rub violently at their muzzles, eyes, 
and ears, as well as rubbing their muzzles on the ground. 
These signs are thought to result from the pain associated w'ith 
masseter and temporal muscle cramping caused by the 
hypocalcemia or from 
mouth. Classic signs of hypocalcemia in humans include 
paresthesias—numbness and tingling that often occur around 
the mouth, in the tips of fingers, and sometimes in the feet. 

Physical Examination Other than signs related to hypocal¬ 
cemia, dogs with primary hypoparathyroidism have no classic 
abnormalities on physical examination. A few dogs were thin, 
and several growled when examined. Retrospectively, the 
grow'ling dogs w r ere in pain or w'ere anticipating that handling 
would result in pain because, after resolution of hypocalcemia, 
each became friendly. Cardiac abnormalities were apparent in 
about 40% of dogs on initial examination. These abnormalities 
consisted of paroxysmal tachyarrhythmias and muffled heart 
sounds with weak pulses. About half of the dogs appeared to 
be extremely tense, with splinted abdomens and stiff gaits. A 
smaller number had generalized muscle fasciculations, fever, or 
both. Almost 50% had generalized seizures during their initial 
examination, and more than 80% had at least one convulsion 
during the initial 48 to 96 hours of hospitalization. 

Clinical Features of Naturally Occurring 
Hypoparathyroidism—Cats 

The clinical features of eight cats reported in the literature to 
have naturally occurring hypoparathyroidism are much like 
those reported in dogs. The clinical course tor each cat was 
characterized by an abrupt or gradual onset of intermittent 
neurologic or neuromuscular disturbances that included focal 
or generalized muscle tremors, seizures, ataxia, stilted gait, dis¬ 
orientation, and weakness. Other commonly observed abnor¬ 
malities included lethargy, anorexia, panting, and raised 
nictitating membranes, 80 

Diagnostic Evaluation—Dogs and Cats 

Serum Calcium and Phosphate Concentrations Severe 

hypocalcemia w as a serendipitous finding in each ol the dogs and 

cats with primary' natural hypoparathyroidism (Table 237-9). 
Because therapy for hypocalcemia w^as quickly instituted, each 
animal had its serum calcium concentration monitored three to 
five times during the first 72 hours of hospitalization. In no dog 
or cat w r as the serum calcium concentration greater than 6,5 
mg/dL until the therapy began to have an effect. Each dog and 
cat also had a serum phosphorus concentration higher than its 
calcium concentration, and all had normal BUN concentrations. 


HYPOPARATHYROIDISM AND HYPOCALCEMIA 


Background 

Several historic landmarks in the understanding of parathyroid 
physiology, maintenance of homeostasis, and calcium regulation 
are significant with respect to hypocalcemia. Rickets (hypovita- 
minosis D) was first described in 1645. More than 200 years 
later (1884 1, an association was made between thyroidectomy in 
dogs and cats and the development of clinical hypocalcemia 
(tetany). In 1891, Gley proved that the parathyroids must be 
removed with the thyroids to produce tetany. Shortly thereafter, 
administration of calcium salts after parathyroidectomy w r as 
demonstrated to prevent tetany. 

Pathophysiology 

Initial Physiologic Alterations Cessation of parathyroid 
function leads to a decrease in serum calcium concentration 
and an increase in plasma phosphate concentration. Urinary 
calcium and phosphate excretion diminishes. These changes 
are due to loss of PTH effects on mobilization of calcium and 
phosphate from bone, renal retention of calcium, enhanced 
renal excretion of phosphate, and increased absorption ot cal¬ 
cium and phosphate from intestine. 

Neuromuscular Actiinty Ionized calcium is involved in the 
release of acetylcholine during neuromuscular transmission. 
Calcium is essential for muscle contraction, and it stabilizes 
nerve cell membranes by decreasing their permeability to 
sodium. Calcium's role as a membrane stabilizer is most obvi¬ 
ous during severe hypocalcemia. When the extracellular con¬ 
centration of calcium ion declines to subnormal levels, the 
nervous system becomes progressively more excitable owing 
to increased neuronal membrane permeability', Nerve fibers 
begin to discharge spontaneously, initiating impulses to 
peripheral skeletal muscles, where they elicit contractions. 
Consequently hypocalcemia causes tetany Dogs with untreated 
hypoparathyroidism have serum calcium concentrations 
consistently below' 6,5 mg/dL . The onset of clinical tetany, how¬ 
ever, is not entirely predictable. 

In hypocalcemic dogs, "latent 1 tetany probably occurs. 
Owners mention that sudden excitement, activity, or petting 
unpredictably causes sporadic muscle cramping, lameness, 
facial rubbing, pain, irritability, or aggressive behavior. The 
nontetanic, severely hypocalcemic pet is often described by the 
ow r ner as having a change in personality. Such signs are vague, 
hut after hypocalcemia is diagnosed, the clinical signs are con¬ 
sistent with those of an animal in latent tetany. The various dis¬ 
turbances are completely and quickly reversible with therapy 

Clinical Features of Naturally Occurring 
Hypoparathyroidism—Dogs 

Signalmetit In reviewing the records of dogs in our series 
w'ith naturally occurring primary hypoparathyroidism, the 
youngest dog was diagnosed at 6 w r eeks of age, the oldest w r as 
13 years (average w^as 4,8 years), and 65% were female. 78 The 

breeds most frequently identified as having primary hypo¬ 
parathyroidism w'ere poodles, miniature schnauzers, retrievers, 
German shepherds, and terriers. 

Anamnesis 

Duration of illness The clinical course usually begins w r ith 
abrupt onset ol intermittent neurologic or neuromuscular 
disturbances. Signs may be initiated or worsened by excitement 
or exercise. Signs associated with hypocalcemia had been 
observed for only 1 day in some dogs and for as long as 2 years 
in others. Many had been diagnosed and treated for nonspecific 
seizure disorders without the benefit of pretreatment laboratory 
testing. Most ow ners reported that their pets w T cre "always" tense 
or nervous. Intense facial rubbing with the paw r s or on the 










tingling' sensation around the 


an 
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Pertinent Findings in Dogs unth Primary Hypoparathyroidism 


DURATION SERUM SERUM 
OF SIGNS CALCIUM PHOSPHORUS MAGNESIUM NITROGEN 

(mg/dL) (mg/dt) 


SERUM 


BLOOD UREA SERUM PARATHYROID 

ALBUMIN HORMONE PARATHYROID 

(mg/dL) (mg/dL) (pmol/L) HISTOLOGY 


AGE 


DOG 


(Years) GENDER (Days) 


(mg/dL) 


1 


5 


F/S 


3 


5.7 


73 


14 


4.1 


— 


2 


5 


F/S 


30 


4.1 


5.4 


1.9 


31 


3.1 


3 


5 


M 


30 


4,7 


6.0 


S 


2.9 


4 


4 


F 


7 


4,5 


5.9 


1.2 


17 


3.5 


5 


10 


F/S 


1 


5.2 


7.0 


2.1 


15 


2.9 


Lymphocytic 

parathyroiditis 


6 


11 


F/S 


3 


5,6 


8.9 


4 


3.7 


7 


1 


F 


14 


4.2 


9,8 


20 


3.6 


8 


5 


M 


180 


5.7 


10.2 


12 


3.1 


9 


10 


F 


3 


5.5 


7,2 


1.9 


9 


3.5 


10 


1 


M 


1 


5.2 


7.8 


19 


3.2 


11 


10 


M 


11 


4.9 


5.9 


1.8 


10 


3.1 


1.0 


Lymphocytic 

parathyroiditis 

Lymphocytic 

parathyroiditis 


12 


10 


M 


1 


6.0 


6.3 


13 


4.5 


0.1 


13 


4 


F/S 


14 


3.9 


4.9 


1.9 


16 


3.5 


1.0 


14 


7 


F/S 


10 


6.0 


8.3 


2.3 


12 


3.1 


1.0 


Lymphocytic 

parathyroiditis 


15 


9 


M 


4 


3.6 


5.8 


9 


3,3 


0.05 


16 


0,5 F/S 


2 


3.9 


8.4 


T9 


11 


2.6 


0.1 


17 


13 


M 


6 


4,2 


7,1 


15 


3.6 


0.1 


Lymphocytic 

parathyroiditis 

Ly m pho cyt i c 
parathyroiditis 
Lymphocytic 
parathyroiditis 


IS 


1 


F/S 


7 


5.1 


8.7 


1.2 


14 


2.9 


0.1 


19 


0.5 F/S 


7 


4.8 


10.2 


2.0 


22 


2.5 


20 


2 


M 


45 


4,4 


7,4 


2.1 


16 


3.4 


0T 


21 


3 


F/5 


9 


5,1 


6.8 


25 


4.1 


0.5 


22 


6 


M 


360 


54 


8,8 


2.2 


23 


3.8 


04 


Lymphocytic 

parathyroiditis 


23 


8 


M 


3 


3.9 


8.3 


1.9 


19 


3,7 


0.5 


24 


12 


F/S 


2 


4.6 


8,5 


2.3 


18 


3,7 


04 


25 


6 


M 


3 


5.5 


8,5 


2.2 


19 


44 


0.7 


Mean 

Reference 

range 


6 


30 


4.8 


7.6 


1.9 


15,6 


3.4 


0,3 


8.9-11.4 


3,0-4.7 


1 . 8 - 2,4 


12-28 


2.3-43 


2-13 


M r male, F' female; S, spay/ovariohysterettomy. 


The absence of an absolute hyperphosphatemia in some of 
dogs can be explained in part by the broad reference range 
provided by veterinary laboratories. No other abnormal labo¬ 
ratory' findings were common. 

lilectrocardiogram Hypocalcemia prolongs the duration of 
the action potential in cardiac cells. The findings most consistent 
with hypocalcemia included deep, wide T waves; prolonged 
Q-T intervals; and bradycardia. No obvious ECG findings 
could explain the arrhythmias, weak pulses, or muffled heart 
sounds that were noted on several physical examinations. 

Serum Parathyroid Hormone Concentration Undetectable 
serum PTH concentrations in animals that 
hypocalcemic confirm the diagnosis of primary hypoparathy¬ 
roidism, assuming that the assay used is reliable and validated. 
Serum PTH concentrations may he detectable as "low-normal" 


in some animals with hypoparathyroidism if the assay used is 
quite sensitive. However, a low-normal or low value would 
not be normal" in a hypocalcemic animal that has healthy 
parathyroid glands. 

Differential Diagnosis for Hypocalcemia 

The differential diagnoses for hypocalcemia are presented in 

Box 237-6 and Figure 237-10, 

Parathyroid ^Related Hypocalcemia Naturally occurring 
hypoparathyroidism is a rare condition in dogs and cats. 
Iatrogenic primary hypoparathyroidism has been recognized 
in dogs and cats after thyroid, parathyroid, or other surgeries 
of the neck. Magnesium deficiency can cause hypocalcemia. 
Severe hypomagnesemia in humans can result in a condition 
characterized by being refractory to PTH or it inhibits syn¬ 
thesis or secretion of PTH. 


severely 


are 
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Puerperal Tetany (Eclampsia) Eclampsia is an acute life- 

threatening condition caused bv extreme hypocalcemia in [ae¬ 
rating bitches and queens. In most studies, dogs with eclampsia 
are severely hypoealcermc (< 6,5 mg/dL). Eclampsia is most 
common in small dogs, being less common in cats and large dogs. 

Nutritional Secondary Hyperparathyroidism Dogs and 
cats fed diets containing low calcium-to-phosphorus ratios, 
such as beef heart or liver, can develop severe mineral defi¬ 
ciencies. Dietary' calcium deficiency results in transient 
decreases in serum calcium concentration, inducing increased 
PTH secretion, reduction in bone mass as calcium is removed 
from bone to replace that lacking in the diet, and diffuse 
skeletal disorders. Skeletal problems include bone pain and 
pathologic fractures and are the result of the normal physio¬ 
logic processes that maintain serum mineral homeostasis. 
Usually these animals have normal serum concentrations of 
both calcium and phosphorus. Occasionally, such an animal is 
hypocalcemio These dogs and cats should he treated by pro¬ 
viding balanced diets and restricting activity until skeletal 
remodeling is complete. Diagnosis is based on recognizing 
skeletal disorders in a dog or cat given an improper diet. 

Miscellaneous Causes of Hypocalcemia Commercial 

phosphate-containing enemas may result in acute, marked 
hyperphosphatemia and, subsequent hypocalcemia after colonic 
adsorption of the enema solution, especially when administered 
to dehydrated cats with colonic atony and mucosal disruption. 

These rare problems include laboratory error, vitamin D defi¬ 
ciency, use of citrated blood, trauma, medullary carcinoma of 
the thyroid, primary and metastatic bone tumors, and some 
forms of chemotherapy. 

Therapy for Hypoparathyroidism and Hypocalcemia 

Emergency Therapy for Tetany When treating a seizing 
animal without a specific diagnosis, diazepam is the initial 
drug usually chosen to control the signs. However, if this treat¬ 
ment fails or if a diagnosis is still not obvious, blood should be 
drawn for glucose, calcium, and any other parameter that may 
lead to a definite diagnosis. Hypocalcemic tetany improves 
after replacement of calcium, although these animals usually 
respond to diazepam. Calcium should be administered intra¬ 
venously, slowly to effect. The dose is I to 1.5 mL/kg or 5 to 
15 mg/kg, administered slowly over a 10- to 30-minute 
period Calcium gluconate, as a 10% solution (Table 237-10), 
is recommended because, unlike calcium chloride, calcium 
gluconate extravasating outside a vein is not caustic. Calcium 
chloride can cause not only tremendous tissue sloughing hut 
also calcinosis cutis. 02 Electrocardiographic monitoring is 
advisable. If bradycardia, premature ventricular complexes, or 
shortening of the Q-T interval is observed, the IV infusion 
should be briefly discontinued/ 50 This rapid emergency ther¬ 
apy is invariably successful, with a response noted within 
minutes of initiating the infusion. However, the final dose 
needed to control tetany is somewhat unpredictable The rec¬ 
ommendation is to use the suggested dose (in mg/kg! as a 
guideline and patient response as the definitive lactor in 
determining the volume administered. Infusion of calcium- 
rich fluids should proceed with caution in a dog or cat 
with hyperphosphatemia, The additional calcium could result 
in mineralization of soft tissue causing further damage to 
the kidneys in animals with coexisting renal insufficiency or 

failure,^ 


Box 

Differential Diagnos is of Hypocalcemia 




Pa ra thy ro id - rel ate d hy poca 1c e m i a 
Primary hypoparathyroidism 
Destruction of glands 

Immune-mediated process 
Iatrogenic surgical complication 
Any disease in neck causing damage 
Idiopathic atrophy (autoimmune process?) 
Pse ud ohy po p a rat hy ro i d ism 
Chronic renal failure 

Hypoalbuminemia 
Acute pancreatitis 
Puerperal tetany (eclampsia) 

Intestinal malabsorption syndromes 
Nutritional secondary hyperparathyroidism (rare) 
Anticovulsant therapy 
Acute renal failure 
Ethylene glycol toxicity 
Phosphate-containing enemas 
Miscellaneous diagnoses 
Laboratory error 

Use of EDTA-anticoagulated blood 
Vitamin D deficiency 

Transfusion using citrated blood 
Soft tissue trauma 
Medullary carcinoma of the thyroid 
Primary and metastic bone tumors 
Cancer chemotherapy 


c/> 












Acute Renal Failure and Ethylene Glycol Toxicity Acute 
renal failure, such as occurs with urethral obstruction, ureter 
obstruction, or ethylene glycol poisoning, can result in abrupt 
and severe increases in serum phosphate concentration. An 
acute increase in serum phosphate concentration causes a reduc¬ 
tion in serum calcium concentration.This hypocalcemia may be 
exaggerated in acute renal failure, because the rapid progression 
of these disturbances blunts compensatory mechanisms. Cats 
with ureteral or urethral obstruction and hyperphosphatemia 
often have associated hypocalcemia, hyperkalemia, azotemia, 
and sometimes seizures. 33 Ethylene glycol intoxication can cause 
severe renal failure, acidosis, and death. The metabolites of this 
toxin can chelate serum calcium ions and cause tetany. 

Chronic Renal Failure r Hypoalbuminemia, and Pancreatitis 

Chronic renal failure is an extremely common disorder in 
dogs and cats. This condition is most commonly associated with 
increases in serum phosphate concentrations with concurrent 
normal serum calcium concentrations. However, either 
hypocalcemia or hypercalcemia may occur in animals with 
chronic renal failure. Serum ionized calcium concentrations 
from animals with renal failure are often low-normal to low. R1 

Reductions in total serum protein, serum albumin concen¬ 
trations, or both arc encountered in a variety of disorders 
Decreased circulating albumin causes a decrease jn the 
protein-bound fraction of circulating calcium. However, ion¬ 
ized calcium concentrations are typically normal. Hypocalcemia, 
when it occurs in dogs with acute pancreatitis, is usually mild 
and subdinicah Coexisting pancreatitis and acidosis, which is 
commonly present, increases the amount of serum calcium 
that is ionized and further reduces any chance ol tetany. 


I ever frequently accompanies tetany. It is not unusual 


Fever 

to have a dog or cat in tetany with a rectal temperature above 
105° F. There is often temptation to treat both the hypocal- 

cem i a a n d t h e fev e r (with i ce or a 1 coho S ba ths; p arentera 1 drugs) 
It is recommended, however, that with institution of calcium 
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CHAPTER 237 


Table 


Some Available Calcium Preparations 




APPROXIMATE CALCIUM CONTENT DOSE 


PREPARATIONS AVAILABLE 


Oral 

Calcium carbonate/gluconate 

Calcium gluconate 


Cats: 05-1 g/day 

Dogs: 1-4 g/day 


250 mg Ca/tablet 

30 mg Ca/tablet 

45 mg Ca/tablet 

60 mg Ca/tablet 

90 mg Ca/tablet 

42 mg Ca/tablet 

85 mg Ca/tablet 

145 mg Ca + 155 mg P/capsule 

190 mg Ca + 148 mg P/capsule 

190 mg Ca + 148 mg P/tablet 

295 mg Ca + 228 mg P/tablet 

20 mg Ca/mL 


Chewable tablet: 700 mg 
Tablets: 325 mg 

500 mg 
650 mg 

1000 mg 

Tablets: 325 mg 

650 mg 

Capsules: 500 mg 

650 mg 

Tablets: 650 mg 

1000 mg 

Syrup: 360 mg/mL 








Calcium lactate 


Calcium carbonate 


Calcium glubionate 


Injectable 

Calcium gluconate (IV 5Q) 


1-15 mL/kg: 5-15 mg/kg: 
slowly 

Not recommended 


10% solution, 10-mL ampule 


9,3 mg Co/mL 


10% solution, 10-mL ampule 
22% solution, 5 mL ampule 


27.2 mg Ca/mL 
18 mg Ca/mL 


Calcium chloride (IV) 

Calcium gluceptate {calcium 
glycoheptonate) (IV, IM) 

Ca, Calcium; phosphate; IV, intravenous; SQ, subcutaneous; IM, intramuscular 


Calcium Supplementation in a Continuous Intravenous 
Solution Calcium can be administered slowly, intravenously, 
via an infusion solution. Calcium gluconate is administered in 

the infusion to attain a dose of 60 to 90 mg/kg per day 
(approximately 25 mL/kg of 10% calcium gluconate added to 
the infusion solution and administered every 6 to 8 hours). 
This calcium should not be added to a bicarbonate-containing 
solution because of potential precipitation problems. Serum 
calcium concentrations should be monitored once or twice 
daily, with the rate of infusion adjusted as needed. 

Maintenance Therapy 

Vitamin D The need for vitamin D therapy is usually per¬ 
manent in dogs and cats with primary naturally occurring 
parathyroid gland failure. Calcium supplementation, however, 
can often he tapered and then stopped, because dietary cal¬ 
cium is sufficient to meet the needs of the animal. 
Supplemental calcium in conservative doses, however, ensures 
that vitamin D, which raises serum calcium by promoting its 
intestinal absorption, has a substrate upon which to function. 
Iatrogenic hypoparathyroidism in cats that have had neck 
surgery' is often transient, and lifelong therapy is not always 
needed. In contrast to treating tetany, when the immediate 
goal is to avoid recurrence of neuromuscular signs, the aim of 
long-term therapy is maintaining the serum calcium concen¬ 
tration at mildly low to low-normal concentrations (8 to 
95 mg/dL). These calcium concentrations are above the level 
of risk for clinical hypocalcemia and below that which might 
be associated with hypercalciuria (risk of calculi formation i or 

severe hypercalcemia and hyperphosphatemia (risk of 
nephrocalcinosis and renal I ailure). 

Vitamin D : (Ergocalciferol) It is recommended that 

dihydrotachysterol or calcitriol he used for long-term 
treatment. For some owners, however, these drugs are too 
expensive. Vitamin D 3 can be given as a less-than-ideal but 


therapy, one should monitor but not treat fever. Fever usually 
dissipates rapidly with control of tetany. Additional measures to 
lower body temperature may result in hypothermia and the 
development of shock. 

Post-Tetany Short-Term Maintenance Therapy 

Subcutaneous Calcium Once tetany has been controlled 
with intravenous bolus calcium gluconate, administration of 
subcutaneous calcium is effective, simple, and inexpensive. A 
dose of calcium gluconate equal to that needed for the initial 
control of tetany can be given subcutaneously every 6 to 8 hours. 
The calcium gluconate should be diluted in an equal volume 
of saline. This protocol has effectively supported serum cal¬ 
cium concentrations while waiting for oral vitamin D to take 
effect. It is a procedure that can be easily taught to owners, 
further decreasing their expense. 

After serum calcium concentrations have been maintained 
for 48 hours, the frequency of subcutaneous injections should 
be decreased from every 6 to every' 8 hours. If serum calcium 
concentrations remain stable for the ensuing 48 to 72 hours, 
the calcium can be tapered to twice daily. This protocol is 
continued until parenteral calcium has been completely dis¬ 
continued. Obviously, the tapering process in each animal 
may not be this smooth, because response to oral Vitamin D 
therapy is variable. Ideally, the serum calcium concentration 
should be maintained above 8 mg/dL, Serum calcium con¬ 
centrations below' 8 mg/dL indicate the need to increase the 
dose of parenteral calcium, serum calcium concentrations of 
8 to 9 mg/dL suggest that the current dose should be main¬ 
tained, and values greater than 9 mg/dL suggest the need to 
reduce the parenteral calcium dose. 

Repeating Intravenous Bolus One alternative to the man¬ 
agement of hypocalcemia in the immediate post-tetany period 
would be intravenous calcium by bolus, as needed. This proce¬ 
dure is not recommended except as required in an emergency. 
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Table 237-11 


Vitamin D Preparations 


COMMERCIAL NAME 
(MANUFACTURER) 


TIME REQUIRED FOR TIME REQUIRED FOR 
MAXIMAL EFFECT TOXICITY RELIEF 


PREPARATION 


DOSE FORM 


DAILY DOSE 


Vitamin D 2 

(ergocaldferol) 


Capsules 

25,000 U 
50,000 U 

Oral syrup 

8000 U/ml 

IM injectable 

50.000 U/mL 
Tablets 
0.125 mg 
0.2 mg 
0.4 mg 
Capsules 

0325 mg 

Oral solution 

0,25 mg/mL 
Capsules 
0.25 ng 

0,5 pg 

Vitamin D 3 
injectable 
1.0 pg/ml 


Calciferol (Rarer) 

Drisdol (Wintbrop-Breon) 
Deltalin Lilly 


initial: 4000- 
GO 00 U/kg/day 


5-21 days 


1-18 weeks 


Maintenance: 
1000-2000 U/kg 

once daily-once 
weekly 
Initial: 0.02- 

0.03 mg/kg/day 


Drisdol (Wi nth rop-B reo n) 
Calciferol (Rorer) 

Vitadee (Gotham) 

Di hydrotachysterol 
(Phillips-Roxane) 


D i hyd rotachysterol 


1-7 days 


1-3 weeks 


Hytokerol 

(Wintbrop-Breon) 

Hytakerol 

(Wi nth rop- B reo n) 
Rocaltrol (Roche) (also 
generic) 


Maintenance: 

0.01-0.02 mg/kg 
q24-48h 


Vitamin D t 
(ca Icitriol) 


Approximate: 

0.03- 

0,06 pg/kg/day 

Approximate: 

0.02 pg/kg/day 


1-4 days 


24 hours- 
2 weeks 


Coleijex (Abbott 
Laboratories) 


1 to 7 days/week 


less-expensive alternative, it is a widely available drug (Table 
237-1 1). Initially large doses are required to induce 
calcemia. Dogs and cats can be given 4000 to 6000 U/kg 

daily. These doses are needed to offset the decreased biologi 
potency oi this product in hypoparathyroid animals. 
Additionally large doses are required to saturate fat depots, 
because vitamin D is a fat-soluble vitamin. Effect of the med¬ 
ication is usually obvious 5 to 14 days after beginning therapy. 
Parenteral calcium can usually be discontinued 1 to 5 days 
after starting oral treatment. 

Dogs and cats receiving vitamin D z should be hospitalized, 
ideally until the 


several days, we have seen cats and dogs that appeared to 
be resistant to the tablet and capsule forms of this drug 
(0.125, 0,25, 0.4 mg) but responded readily to the liquid 
(0.25 mg/mL), Rechecks of the serum calcium concentration 
on a weekly basis allow dose adjustment while avoiding pro¬ 
longed hyper- or hypocalcemia. As with vitamin D z , long¬ 
term rechecks at two to three month intervals are strongly 
encouraged. Hypercalcemia (> 12 mg/dL) should be treated 

by discontinuing vitamin D therapy and, depending on the 
severity of the clinical signs and biochemistry' abnormalities, 
possibly initiating intravenous fluids, furosemide, cortico¬ 
steroids, or a combination of these treatments. The period 
Irom stopping di hydrotachysterol to noting a fall in the serum 
calcium concentration is between 4 and 14 days, a much 
briefer period than that seen with vitamin 

1,2 5-Diky droxy vita min D (Calcitriol) This drug offers 
the advantages of rapid onset of action (I to 4 days) and short 
half-life (less than 1 day). If hypercalcemia results from 

dose, it can be rapidly corrected by discontinuing the drug 

Because 1,25-dihydroxy vitamin D does not require activation 

by the kidney physiologic doses should readily maintain 
mocalcemia in a pet with hypoparathyroidism, a state in 
which renal 1-alpha-hydroxylase activity' is love, in contrast, 
relatively larger pharmacologic doses of vitamin D 2 or dihy- 
drotachysterol must be used to overcome this block in 
renal 1 -hydroxyladen. We have not used this drug for chronic 
maintenance therapy of dogs or cats with 

hypoparathyroidism. 

Calcium 

Initial Approach to Oral Calcium Dietary calcium 
be adequate when treating hypoparathyroidism, because the 
primary mode of therapy is the administration of vitamin D, 
which acts to increase absorption of calcium present in the 
intestinal lumen. Usually sufficient calcium is found in 


normo” 


once 


ic 


serum calcium concentration remains 
between 8 and 10 mg/dl without parenteral support. At this 
time, the pet can be returned to the owner and vitamin D 
given every other day. Serum calcium concentrations should be 
monitored weekly, with the vitamin D dose adjusted to main¬ 
tain a serum calcium concentration of 8 to 9,5 mg/dl.The aim 
of therapy is to avoid hypocalcemia tetany but the most 
common problem with therapy is induction of hypercalcemia. 
Once the pet appears stable, monthly rechecks are strongly 
advised for 6 months and then every 2 to 3 months, thereafter. 


over- 


nor- 


Dihydroiachysterol The advantages of dih yd rotachysterol 
versus vitamin D : are that it raises the serum calcium 
centra tion faster (1 to 7 days) and its effects dissipate faster 
when administration is discontinued. Therefore the veteri¬ 
narian has more control over the therapy Dihydrotachysterol 
is readily available and is more expensive than vitamin D : 
(see Table 237-11) This product is more potent than vitamin 
D 2 , 1 mg of dihydrotachysterol being equivalent to 120,000 U 
of vitamin D 2 . Dihydrotachysterol is initially given at a dose 
ol 0.03 mg/kg per day for several days or until effect is 
demonstrated, then 0.02 mg/kg per day for 2 days, and finally 
0.01 mg/kg per day. As suggested with the less potent vitamin D, 
the pet should remain hospitalized until the serum calcium 
concentration remains stable between 8 and 9.5 mg/dL for 


con- 
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can be gradually tapered over 2 to 4 months. This method of 
treatment avoids unnecessary therapy, considering that dietary' 
calcium should be sufficient to supply the needs of the pet 
and should decrease the demands of treatment placed on the 
owner. It must be emphasized that the ideal serum calcium 
concentration in these animals is 8 to 9.5 mg/dL. Concentrations 
above 10 are too high, are unnecessary in avoiding tetany and 
increase the likelihood of unwanted hypercalcemia. 

Parathyroid Histology in Primary 
Hypoparathyroidism 

Animals have been classified as having idiopathic hypoparathy¬ 
roidism when the clinician finds no evidence of trauma, malig¬ 
nant or surgical destruction, or other obvious damage to the 
neck or parathyroid glands. The glands are difficult to locate 
visually and are microscopically atrophied. Approximately 
60% to 80% of the glands are replaced by mature lympho¬ 
cytes, occasional plasma cells, extensive degeneration of chief 
cells, and fibrous connective tissue. Chief cells are randomly 
isolated in multiple small areas or bands at the periphery. In 
the early stages, infiltration of the gland with lymphocytes and 
plasma cells occurs, with nodular regenerative hyperplasia ol 
remaining chief cells. Later the parathyroid gland is com¬ 
pletely replaced by lymphocytes, fibroblasts, and neocapillaries, 
with only an occasional vi able chief cell The final interpretation 
is one of lymphocytic parathy roiditis.^• 84 

Prognosis 

The prognosis with primary hypoparathyroidism is depen¬ 
dent, for the most part, on the dedication of the owner and, 
to a lesser extent, on the experience of the veterinarian. With 
proper therapy the prognosis is excellent. Twenty-one of 25 
dogs that we observed, lived more than 5 years. However, 
proper management requires close monitoring of the serum 
calcium concentration, ideally once every one to three months 
once the pet is stabilized. The more frequent the rechecks, the 
better chance the pet has of avoiding extremes in serum cal¬ 
cium concentrations. The chance for a normal life expectancy 
is excellent with proper care. 


commercial pet foods. However, to avoid the catastrophic 
problems of hypocalcemia, especially early in the course of 
therapy oral calcium supplementation is Strongly recom¬ 
mended. Oral calcium and vitamin D therapy should be 
started while tetany is being controlled with parenteral calcium. 
After 24 to 96 hours, the parenteral calcium administration can 
often be discontinued while oral therapy is maintained. In this 
manner, smooth, continuous control is achieved. 

Calcium Supplements Supplements can be provided by 
administering calcium as the gluconate, lactate, chloride, or 
carbonate salt. Each have disadvantages. Calcium gluconate 
and lactate tablets contain relatively small quantities of ele¬ 
mental calcium, so relatively large numbers of tablets must be 
given, Calcium chloride tablets contain large quantities of cal¬ 
cium but tend to produce gastric irritation. Calcium carbon¬ 
ate tablets also contain large quantities of calcium but tend to 
produce alkalosis, which may aggravate hypocalcemia. 
Calcium carbonate is 40% calcium. One gram yields 20 mEq 

of calcium, and gastric acid converts the calcium carbonate to 
calcium chloride. Calcium lactate is 13% calcium, and 1 g 
yields 6.5 mEq, Calcium gluconate contains 9% calcium, and 
] g yields 4.5 mEq. Obviously, numerous calcium prepara¬ 
tions are available (Table 237-11), Calcium carbonate is the 
preparation of choice in treating hypoparathyroid humans 
because of its high percentage of calcium, ready availability 
in drugstores in the form ol antacids, low cost, and lack of 
gastric irritation. 2 No specific research is available to support 
recommendations for use of this drug in dogs and cats, 
although the author's success with calcium carbonate has 
been excellent. 


o 










Treatment Protocol 

In cats the dose of calcium is approximately 0.5 to 1 g per day, 
in divided doses. In dogs, the dose is usually 1 to 4 g per day in 
divided doses. These recommendations are approximate, and 
the primary therapy that determines stability of the serum 
calcium concentration is the use of vitamin D. As the 
vitamin D dose reaches a steady level, the dose of calcium 
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only 20% of T 3( is derived from the thyroid gUnd.The majority 
of T 3 is derived from extra thyroidal enzymatic 5 -deiodi nation 
ol T 4 . In the blood, more than 99% of T 4 and T 3 are bound to 
plasma proteins, with T 4 more highly bound than T 3 , In the dog, 
the thyroid binding proteins are thyroid hormone-binding 
globulin (TBG), transthyretin, albumin, and apolipo-proteins, 
with most Tj bound to TBG. Dogs have 1 ower avidity of thy roid 
hormone binding to serum proteins than do humans, which 
results in lower total serum concentrations of T 4 andT 3 , higher 
free hormone concentrations, and more rapid clearance rates. 


ypothyroidism is the result of decreased production ol 
thyroxine (T 4 ) and triiodothyronine (T 3 ) by the thy¬ 
roid gland. Naturally occurring hypothyroidism is 
common in dogs but extremely rare in cats. 


H 


PHYSIOLOGY AND METABOLISM 


Thyroid hormones are iodine-containing amino acids synthe¬ 
sized in the thyroid gland (Figure 238-1). All circulating T 4 , but 
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Figure 238-1 Synthesis of thyroid hormones. 
The follicular cells of the thyroid gland 
trate iodide, which diffuses down a gradient into 
the colloid. Thyroglobulin is synthesized within 
thyroid follicular cells and secreted into the 
colloid Iodide is oxidized and bound to tyrosine 
residues on the thyroglobulin molecule by thvroid 
peroxidase, lodinated tyrosine residues 
(monoiodotyrosine [MIT] and diiodotyrosine 
|D1T]) within the thyroglobulin molecule then 
undergo oxidative condensation to form the 
iodothyronines (T 3 and T.<), which remain bound 
to thyroglobulin until secreted. Thyroglobulin is 
ingested by endocytosis from the colloid; the pep- 
tide bonds between the iodinated residues and the 
thyroglobulin are hydrolyzed; and MlT r DIT r T 

and T] f are released into the cytoplasm. MIT and 
D11 are deiodinated and the iodine is recycled, 
while T 4 and T 

(From Mountcastle VB: Medical physiology, ed 14, 

vol 2. St Louis, 1980, Mosby.) 
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Only free hormone enters cells to produce a biologic effect 
or a negative feedback effect on the pituitary and hypothala¬ 
mus. T 3 enters cells more rapidly, has a more rapid onset of 
action, and is three to five times more potent than T 4 . Thyroid 
hormones bind to receptors in the nuclei; the hormone recep¬ 
tor complex binds to DNA and influences the expression of a 
variety of genes coding for regulatory enzymes. 

Thyroid hormone synthesis and secretion are regulated pri¬ 
marily by changes in the circulating concentration of pituitary 
thyrotropin (ISH) (Figure 238-2). Thyroid hormones 
metabolized by progressive deiodination. Outer-ring deiodi- 
nation ol T 4 produces T 3 , whereas inner-ring deiodination 
results in formation of biologically inactive reverse T 3 (rT 3 ) 
Deiodination is regulated by the relative activity of different 
deiodmase enzymes and is an important regulatory step in 
thyroid hormone metabolism. Thyroxine and T 3 are both con¬ 
centrated in the liver and secreted in the bile. 

Thyroid hormones have a 


and macrophages, 1 Remaining follicles are small, and lympho¬ 
cytes, macrophages, and degenerate follicular cells may be found 
within vacuolated colloid. As thyroiditis progresses, parenchym 
is destroyed and replaced by fibrous connective tissue. 

Canine thyroiditis is believed to be immune-mediated 2 , 
but the immunologic and molecular pathogenesis has not 
been well characterized, Antithyroglobulin antibodies 
present in 36% to 50% of hypothyroid dogs 3 * 4 , but whether 
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wide variety of physiologic 
effects. Thyroid hormones increase the metabolic rate and 
oxygen consumption of most tissues, with the exception of 
the adult brain, testes, uterus, lymph nodes, spleen, and ante¬ 
rior pituitary. Thyroid hormones have positive inotropic and 
chronotropic effects on the heart. They increase the number 
and atImity of beta-adrenergic receptors, enhance the 
response to catecholamines, and increase the proportion of 
alpha-myosin heavy chains. T hyroid hormones have catabolic 
effects on muscle and adipose tissue, stimulate erythropoiesis, 
and regulate both cholesterol synthesis and degradation. 
Thyroid hormones arc also essential for the normal growth 
and development of the neurologic and skeletal systems. 


0 


Pituitary 


rT3 


T4 


Thyroid glands 


Blood 


T3 


Figure 238-2 Regulation of thyroid hormone concentrations. 
Thyroid hormone concentrations are controlled by the 
hypothalamic-pituitary-thyroid axis, which operates as a negative 
feedback loop. Thyrotropin (T5H) causes synthesis and release of 
Tj and lesser amounts of T 3 from the thyroid gland. Intracellular 
T 3 , derived from deiodination ofT 4 within the pituitary gland 
decreased TSH synthesis -and secretion and is the main determi¬ 
nant ofTSH concentration,Thyrotropin-releasing hormone (TRH), 

secreted by the hypothalamus, modulates TSH release from the 
pituitary gland. Increased thyroid hormone concentrations are also 
believed to decrease TRH synthesis and secretion. Hormones that 
inhibit TSH secretion include dopamine, somatostatin, serotonin, 
and glucocorticoids, TRH, prostaglandins, and alpha-adrenergic 
agonists increase TSH secretion. 


CANINE HYPOTHYROIDISM 


Pathogenesis 

Hypothyroidism may result from dysfunction of any part of 

the hypothalamic-pituitary-thyroid axis (see Figure 238-2). 

Most acquired canine hypothyroidism is the result of lym¬ 
phocytic thyroiditis or idiopathic thyroid atrophy. 

Approximately 50% of canine primary hypothyroidism is 
due to lymphocytic thyroiditis. 1 Grossly, the thyroid gland 
may appear normal or atrophic. There is multifocal or diffuse 
infiltration of the thyroid gland by lymphocytes, plasma cells, 


causes 
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haircoat quality or color, alopecia, seborrhea (sicca or oleosa), 
and superficial pyoderma. Hyperkeratosis, hyperpigmentation, 
comedone formation, hypertrichosis, ceruminous otitis, poor 
wound healing, increased bruising, and myxedema may also 
occur Alopecia is usually bilaterally symmetric and is first evi¬ 
dent in areas of wear, such as the lateral trunk, ventral thorax, 
and tail. The head and extremities tend to be spared. The hair 
is often brittle and easily epilated, and loss of undercoat or pri¬ 
mary guard hairs may result in a coarse appearance or a puppy¬ 
like haircoat. Fading of coat color may also occur, and failure of 
hair regrowth after clipping is common. Signs of decreased 
metabolic rate in conjunction with dermatologic abnormalities 
should increase suspicion of hypothyroidism. 

Hypothyroid dogs are predisposed to recurrent bacterial 
infections of the skin such as folliculitis, pyoderma, and 
furunculosis. Malassezia spp, infections and demodicosis are 
associated with hypothyroidism. Pruritus may occur with 
concurrent infection. 

Myxedema (cutaneous mucinosis) is a rare dermatologic 
manifestation of hypothyroidism characterized by nonpitting 
thickening of the skin, especially of the eyelids, cheeks, and 
forehead It is caused by deposition of hyaluronic acid in the 
dermis, 16 A rare complication of myxedema is cutaneous 
m u cinous vesic ula ti on. 17 

Female reproductive abnormalities attributed to hypothy¬ 
roidism include prolonged interestrous interval, silent estrus, 
failure to cycle, spontaneous abortion, small numbers or 
low-birth-weight litters, uterine inertia, and weak or stillborn 
puppies; however, the evidence for this association is weak. 
Inappropriate galactorrhea apparently due to hyperpro¬ 
lactinemia has been reported in sexually intact hypothyroid 
bitches. 18 Male reproductive problems attributed to hypothy¬ 
roidism include low libido, testicular atrophy, hypospermia, and 
azoospermia. However, a prospective study of six male beagles 
with 33 “iodine-induced hypothyroidism showed no decrease 
in libido or sperm quality over a 2-year period, 10 Decreased 
testicular size, subfertility, or sterility were reported in associa¬ 
tion with thyroiditis and orchitis in a colony of beagles. 20 

Both the peripheral and central nervous systems may be 
affected by hypothyroidism. Peripheral neuropathy is the best 
documented neurologic manifestation.- 1-22 Affected dogs have 
exercise intolerance, weakness, ataxia, quadriparesis or paraly¬ 
sis, deficits of conscious proprioception, and decreased spinal 
reflexes. Clinical signs resolve with /-thyroxine (T 4 J supplemen¬ 
tation. A suhdinical myopathy also occurs in hypothyroid 
dogs. 23 Unilateral lameness reported in hypothyroid dogs may 
be a manifestation of generalized neuromyopathy 3 ' 1 

Dysfunction of multiple cranial nerves (facial, trigeminal, 
vestibulocochlear) and abnormal gait and postural reactions 
are also reported. 2225 Hypothyroid dogs with vestibular 
deficits have abnormal brain stem auditory-evoked responses 
and some dogs also have electromyographic abnormalities of 
appendicular muscles. Clinical signs resolve with T 4 supple¬ 
mentation. Because dogs with vestibular disease may have 
resolution of clinical signs owing to compensation, a causal 
relationship is less clear. 22 Although laryngeal paralysis and 
mega esophagus have been reported in association with 
hypothyroidism, treatment of hypothyroidism does not con¬ 
sistently result in resolution of clinical signs, and a causal rela¬ 
tionship has not been confirmed. Myasthenia gravis has been 
reported in association with hypothyroidism. 26 Concurrent 

hypothyroidism may exacerbate clinical signs of myasthenia 
gravis such as muscle weakness and megaesophagus. 

Rarely, cerebral dysfunction occurs in hypothyroidism 
due to myxedema coma, atherosclerosis, or the presence ol 
a pituitary tumor causing secondary hypothyroidism. 
Seizures, disorientation, and circling may occur due to severe 
hyperlipidemia or cerebral a there sclerosis, 2 7-39 In myxedema 
coma, profound mental dullness or stupor is accompanied by 


these antibodies occur secondary to follicular cell damage 
from infiltrating T-cells, or are directly involved in the patho¬ 
genesis of thyroiditis is unclear, Thyroiditis is heritable in the 
beagle and the Borzoi. 5 7 The prevalence o! antithyroglobulin 
antibodies varies significantly from breed to breed.* 

In idiopathic follicular atrophy, there is loss of thyroid 
parenchyma and replacement by adipose connective tissue. 1 
Degeneration of individual follicular cells occurs, with exfoli¬ 
ation of cells into the colloid. Because of the absence of fibro¬ 
sis or inflammation it is unclear whether Follicular atrophy is 
a distinct syndrome or the final result of thyroiditis. 

Less commonly, hypothyroidism is caused by bilateral thy¬ 
roid neoplasia or invasion of the thyroid by metastatic neo¬ 
plasia. 9 Dogs with thyroid neoplasia remain euthyroid until at 
least 75% of the thyroid parenchyma has been destroyed. 
Lymphocytic thyroiditis has been identified as a risk factor for 
thyroid neoplasia. 5 

Secondary' hypothyroidism (deficiency of TSH) is rarely 
described in dogs. Causes of acquired secondary hypothy¬ 
roidism include pituitary malformations and pituitary neopla¬ 
sia. Histologic changes observed in secondary' hypothyroidism 
include flattening of follicular epithelial cells and distention of 
thyroid follicles with colloid. 10 Tertiary hypothyroidism (defi¬ 
ciency of thyrotropin releasing hormone [TRH]) has yet to be 
documented in the dog. 

Congenital hypothyroidism (cretinism) is rarely diagnosed 
in dogs. Reported causes of congenital primary hypothy¬ 
roidism include iodine deficiency, thyroid dysgenesis, and 
dyshormonogenesis. 13 Congenital hypothyroidism with goiter 
due to thyroid peroxidase deficiency was reported as an auto¬ 
somal recessive trait in toy fox terriers, 12 A genetic test is 
available to detect carriers of the affected gene. Secondary' 
congenital hypothyroidism due to apparent isolated TSH or 
TRH deficiency was reported in a family of young giant 
schnauzers and in a young boxer. 1013 In both reports, central 
hypothyroidism was suspected because of increased T 4 secre¬ 
tion and increased uptake of 99m Tc-pertechnetate after 

repeated administration of TSH. Congenital secondary 

hypothyroidism is also a feature of panhypopituitarism. 

Iatrogenic causes of hypothyroidism include l33 iodine 
treatment, administration of antithyroid drugs, and surgical 
thyroidectomy. Because of the presence of accessory thyroid 
tissue, permanent hypothyroidism is rare after thyroidectomy. 

Epidemiology 

The reported prevalence of canine hypothyroidism is from 
0.2% to 0.8%. 14-15 Mean age at diagnosis is 7 years, with a 
range of 0.5 to 15 years. Golden retrievers and Doberman pin¬ 
schers are among the breeds reported to be at higher risk for 
hypothyroidism. Neutered males and females were reported 
in one study to be at increased risk for developing hypothy¬ 
roidism compared with sexually intact animals 14 ; however, in 
the most recent study of hypothyroid dogs in the United 
Kingdom there was no association with breed, gender, or 

neuter status. 15 










ClinioaI Sig ns 

Because thyroid hormones influence the function oi many 
organs, hypothyroidism is considered in the differential diag¬ 
nosis of a wide range of problems. Clinical signs of hypothy¬ 
roidism may be nonspecific and insidious in onset, and 
hypothyroidism is commonly misdiagnosed. Common clinical 
signs attributable to decreased metabolic rate include lethargy, 
mental dullness, weight gain, unwillingness to exercise, and 
cold intolerance, 34-35 Obesity occurs in approximately 40% of 
hypothyroid dogs, but most obese dogs suffer from overnutri¬ 
tion rather than hypothyroidism. 

Dermatologic changes occur in 60% to 80% of hypothyroid 

Common findings include dry scaly skin, changes in 


dogs. 
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nonpitting edema, hypothermia with a lack of shivering, 
bradycardia, weakness, and inappetence. 

Abnormalities of the cardiovascular system such as sinus 
bradycardia, weak apex heat, low QRS voltages, and inverted 
1 waves occur in hypothyroid dogs. 14 Reduced left ventricular 
pump function has also been documented, and hypothy¬ 
roidism may exacerbate clinical signs in dogs 
cardiac disease. 30 Although hypothyroidism 

clinically 


Clinicopothologic Changes 

Results of a hemogram, biochemical panel, and urinalysis 
often support a diagnosis of hypothyroidism and rule out 
othtM disorders. A mild nonregenerative anemia occurs in 30% 
of hypothyroid dogs. 14 Fasting hypercholesterolemi 
75% of hypothyroid dogs, wh 

occurs in up to 88%.In rare cases hyperlipidemia may lead 

to atherosclerosis, Less common abnormalities include mild 

increases in alkaline phosphatase, alanine aminotransferase, 
and creatine lu 


29 


a occurs in 

ereas hypertriglyceridemia 


ith underlying 
rarely causes 
in dogs, dilated 

cardiomyopathy and hypothyroidism may occur concurrently. 
A recent case report documented dramatic long-term 
improvement in cardiac function after treatment with in two 
Great Danes with concurrent 
h y poth y ro idism. 31 

Ocular abnormalities reported in canine hypothyroidism 
include corneal lipidosis, corneal ulceration, uveitis, lipid effu¬ 
sion into the aqueous humor, secondary glaucoma, lipemia 
retinalis, retinal detachment, and keratoconjunctivitis 
however a definite causal relationship has not been 
Dogs with experimentally induced hypothyroidism did 
develop ocular changes over a 6-month time period, 3 - 

Clinical signs of secondary hypothyroidism are similar to 
those of primary hypothyroidism, but clinical signs related to 
a deficiency oi other pituitary functions may predominate, 
particularly if a pituitary neoplasm is present. 

Congenital hypothyroidism results in mental retardation 
and stunted disproportionate growth due to epiphyseal dysgen¬ 
esis and delayed skeletal maturation (Figure 238-3). 33 Affected 

mentally dull and have large, broad heads, short thick 
necks, short limbs, macroglossia, hypothermia, delayed dental 
eruption, ataxia, and abdominal distention.^ 13 Dermatologic 
findings are similar to those seen in the adult hypothvroid dog, 
Other clinical signs may include gait abnormalities, stenotic 
canals, sealed eyelids, and constipation. Affected puppies are 
often the largest in the litter at birth hut start to lag behind their 
Iittermates within three to eight weeks. It is likely that many 
severely affected puppies die without a diagnosis in the first few 
weeks of life. Vertebral physeal fracture causing tetraparesis 
reported in a dog with congenital hypothyroidism. 33 
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significant myocardial failure 


nase. Mild hypercalcemia has been reported 
congenital hypothyroidism. 


in 


dilated cardiomyopathy and 


Hemostasis 

Decreased plasma von Willebrand factor antigen (vWfAg) 
concentration was reported in hypothyroid dogs; however, 
studies have failed to demonstrate a relationship between 
vWfiAg or factor VIII activity and thyroid hormone status. 34 30 
Canine hypothyroidism is rarely associated with clinical 

bleeding, and platelet function and bleeding times are normal. 

Concentrations ofvWEAg do not consistently increase during 
treatment of hypothyroid dogs with T 

Polyendocrinopathies 

Canine hypothyroidism may occur in association with other 
immune-media ted endocrine disorders such as hypoadreno¬ 
corticism and diabetes mdlitus. 37 -^ Hypothyroidism 
insulin resistance and may mask the classic electrolyte chang 

of hypoadrenocorticism. 

Diagnosis of Hypothyroidism 

Pattern Selection 

Appropriate patient selection is important in evaluation of thy¬ 
roid function. The positive predictive value of diagnostic 
is highest when the prevalence of the disease is high, A 
plete history, physical examination and minimum database aid 
in identification of other diseases and determination of w hether 
thyroid dysfunction is likely. Testing of healthy dogs prior to 
breeding or ol obese dogs with no other clinical signs of thyroid 
disease increases the chance of false-positive test results. 
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Figure 238-3 Eight-month-old female giant schnauzer littermates. The dog on the left is 
normal, whereas the smaller dog on the right has congenital hypothyroidism (cretinism). Note the 
small stature, disproportionate body size; large, broad head; wide, square trunk; and short limbs in 

the cretin. (From Feldman EC, Nielson RVV: Cam 
Philadelphia, 1996, WB Saunders, p 83,} 
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Total T 3 concentration Measurement of TT 3 concentra¬ 
tion is less accurate than TT 4 measurement for distinguishing 
euthyroid From hypothyroid dogs, because TT concentrations 
fluctuate out of the normal range even more than TT, con¬ 
centrations in euthyroid dogs. 42 Spurious results may occur 
because of anti-T antibodies. 

Reverse T 3 and free T 3 concentrations In humans, one 
mechanism for the euthyroid sick syndrome is decreased 
5 -deiodinase activity. This results in a reciprocal relationship 
between T 3 and r'i\ concentrations. Although this change was 
documented experimentally in dogs 47 , it does not occur pre¬ 
dictably in all dogs with nonthyroidal illness. The clinical util¬ 
ity of measurement of tT 3 or IT-, in dogs has not been 
demonstrated, 


Basal Thyroid Hormone Concentrations 

Thyroid hormones commonly measured include total T^ (TT 4 ), 
total T 3 (TT-J, and free T., (fT 4 )* Assays for free T (fT 3 ) and 
reverse T 3 (T) are 

dated for the dog. Serum antibodies directed against T ? and T 4 
may interfere with thyroid hormone assays because they com¬ 
pete for hormone with antibodies used in the assay These anti¬ 
bodies may cause spuriously high or low results, depending on the 
assay used. Th y roi d harm on es a re sta b le at 37° C for 5 da y s, pro¬ 
vided the samples are stored in plastic rather than glass. 1,1 They arc 
also stable when frozen, even with repeated freezing and thawing 
Samples should he stored and shipped in plastic tubes. 

Total T 4 concentration Total T 4 concentration is an excel¬ 
lent screening test for canine thyroid dysfunction (Figure 238-4) 

A dog with a TT 4 concentration well within the reference 
range is euthyroid, unless anti-T 4 antibodies are causing a spu¬ 
rious increase in the TT 4 value. This is uncommon, because 
anti-T 4 antibodies are detected in less than 2% of samples 
from dogs with suspected hypothyroidism, 41 and antibody 
interference most commonly results in TT 4 measurements 
outside the reference range. Unfortunately decreased TT 4 
concentration is not specific for a diagnosis ol hypothy¬ 
roidism Decreased fT 4 may be normal for an individual, a 
result of non thyroidal illness, or secondary to drug adminis¬ 
tration. The reference range lor TT , concentration depends on 
the laboratory but is usually 1.5 to 3,5 Jig/d L. Time ol day, 
age, breed, season, and ambient temperature may influence 
serum TT 4 concentration. In healthy euthyroid dogs, IT 4 com 
centration may decrease below r the reference range as much as 
20% ol the time, but there is no predictable diurnal pattern. 
Serum TT, concentrations in neonates are similar to those of 
young adult dogs; they then increase to more than two to five 
times the adult concentration by 3 weeks of age. Total T 4 con¬ 
centrations return to that of the adult dog by 1 2 weeks of age, 
then gradually decline with age. 

Total T 4 concentrations do not differ significantly between 
males and females but are higher in small dogs than in medium 
and large breed dogs, 4] Greyhounds and Scottish deerhounds 
have lower TT, concentrations than other breeds. 44 During 
diestrus and pregnancy, TT 4 concentration increases owing to 
changes in thyroid hormone protein binding. Mild increases in 
TT 4 concentration may also occur in obese dogs. 

Free T 4 concentration Protein-bound hormone acts as a 
reservoir to maintain concentrations of free hormone in 
plasma despite fluctuations in release or metabolism ofT 3 and 
or in plasma protein concentrations. Thus free hormone 
concentrations are less affected by changes in protein concen¬ 
tration and binding than are total Hormone measurements. 
Because only free hormone can enter cells and bind to recep¬ 
tors, measurement of fT 4 should give a more accurate repre¬ 
sentation of thyroid function. In humans, fT 4 concentration 
often remains normal during nonthyroidal illness, but this 
does not always occur in dogs. The standard method for mea¬ 
suring tTj, is equilibrium dialysis. Because this is expensive and 
time consuming, single-stage solid phase (analog) radioim¬ 
munoassays lor human fT 4 are sometimes used lor measure¬ 
ment of canine tT 4 , These assays depend on the dominance of 
thyroid hormone binding by TBG, concentrations of which 
are lower in dogs than in humans. Canine fF 4 concentrations 
measured by analog methods are lower than those measured 
by equilibrium dialysis and have no diagnostic advantage over 
measurement of Tf 4 . A commercial fl 4 assay that uses an 
equilibrium dialysis step is more accurate than analog meth¬ 
ods and is more sensitive and specific for canine hypothy¬ 
roidism than is measurement of TT 4 . 45 46 This assay is also 
unaffected by anti-T 4 antibodies and is the most accurate 
single hormone measurement for diagnosis of hypothyroidism. 


less commonly used. Assays must be vail- 
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Effect of Drugs on Thyroid Hormone Concentrations 

Drug administration can change thyroid hormone concentra¬ 
tions in dogs. 4 * Glucocorticoids influence peripheral metabolism 
of thyroid hormones and inhibit TSH secretion, The effect of 
glucocorticoids is dependent on the dose and specific prepa¬ 
ration. In most studies oral administration of glucocorticoids 
at immunosuppressive doses (1 to 2 mg/kg qI2h) resulted in 
rapid decreases in TT 4 , IT 4r and T but tittle change in serum 
TSH. 48 Thyroid hormones return to normal within I week 
after stopping treatment if dosing is for 3 weeks or less 
Longer treatment may prolong duration of suppression 

Sulfonamides block iodination of thyroglobulin and can 
cause clinical hypothyroidism in a dose and duration depen¬ 
dent manner. Trimethoprim-sulfadiazine (15 mg/kg ql2h) 
had no effect on thyroid function but caused clinical hypothy¬ 
roidism at a dose ol 24 mg/kg every 12 hours lor 40 days. 

Trimethoprim-sulfamethoxazole at a dose of 30 mg/kg orally 
every 12 hours decreased TY A and TT 3 concentrations, 
increased TSH, and decreased response to TSH administration 
within 4 weeks. Effects are reversible within 2 to 4 weeks ol 
discontinuation of therapy, Phenobarbital administration 
causes decreased TT 4 and fT4 concentrations and mild 
increases in TSH concentration. Whether dogs treated with 
phenobarbital have mild clinical signs of hypothyroidism is 
difficult to assess Clomipramine results in decreased TT,, and 
fT4 concentrations but no change in TSH concentration* 
Other drugs that may affect thyroid hormone concentrations 
in dogs include androgens, furosemide, heparin, nonsteroidal 
anti-inflammatory drugs, propranolol, amlodarone, radiocon¬ 
trast agents, and iodide. 48 

Effect of Systemic Illness on Thyroid Hormone 
Concentrations 

In nonthyroidal illness, thyroid hormone concentrations are 
often decreased. Changes in hormone binding to serum carrier 
proteins (e.g,, decreased protein concentration, reduced bind¬ 
ing affinity, circulating inhibitors of binding], or peripheral 
hormone distribution and metabolism (e.g., reduced 5'-deiod- 
uiase activity ), inhibition of TSH secretion, and inhibition of 
thyroid hormone synthesis may occur, Cytokines such as 
interleukin-1. interleukm-2, interferon gamma, and tumor 
necrosis factor alpha decrease TT 4 concentrations. 4 " In dogs, 
TT 4 concentration is more frequently decreased than is TT 3 
concentration, The magnitude of decrease depends on disease 
severity and is a predictor of mortality. 50 Thyroid hormone sup¬ 
plementation does not improve survival in euthyroid humans 
with decreased thyroid hormone concentrations. Conditions 
reported to decrease TT, concentrations in dogs include 
hyperadrenocorticism, diabetic ketoacidosis, hypoadrenocorti¬ 
cism, renal failure, hepatic disease, peripheral neuropathy 
generalized megaesophagus, heart failure, critical illness or 
infection, and surgery or anesthesia, 515-54 In 59 euthyroid dogs 
with concurrent illness, 20% had low Tl 4 concentrations and 
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result in smaller and less prolonged increases in TT 4 con¬ 
centration and more borderline responses in pets. 
Recombinant human TSH may also be used at a dose oi 25 to 
100 (Ig IV but is expensive , 59 Reconstituted TSH may be 
refrigerated for up to 3 weeks or frozen at -2(VC for up to 
6 months . 60 ' 61 

A diagnosis ot hypothyroidism is likely if both pre- and 
post-TSH serum T 4 concentrations are below the reference 
range (d .5 pg/dL). A post-TSH T 4 concentration greater than 
3 pg/dL indicates euthyroidism, 

mediate results is more difficult and should take into consid¬ 
eration the clinical signs and severity of concurrent systemic 
disease. Change in TJ 3 before and after TSH administration is 
of little diagnostic utility. The TSH response test cannot be 
used to evaluate thyroid function in dogs receivingT 4h because 
treatment causes thyroid atrophy. Supplementation must be 
discontinued 6 to 8 weeks before testing. 

TRH response test The TRH response test is used in 
humans to differentiate primary from secondary hypothy¬ 
roidism. In people w r ith primary hypothyroidism response of 
TSH to TRH administration is exaggerated, whereas in sec¬ 
ondary' hypothyroidism there is no response. In contrast, most 

decreased TSH response to TRH 

compared w T ith euthyroid dogs . 64 i he TRH response test 
is therefore not useful for differentiation of primary and 

secondary hypothyroidism in dogs. 

In dogs, the TRH response test is most commonly used in 
place of the TSH response test, and change in TT 4 is usually 
measured. Doses ranging from 0.01 to 0.1 mg/kg of TRH have 
been evaluated . 63-66 Lower doses cause similar increases in 
TJ 4 as do higher doses and are less likely to result in side 
effects such as salivation, vomiting, urination, defecation, 
miosis, tachycardia, or tachypnea. A common 
administration of 200 pg TRH per dog intravenously with 
blood collected before and 4 hours after TRH administra¬ 
tion , 64 Freshly reconstituted TRH may be frozen at 
at least a week without a loss in potency. Euthyroidism is 
likely if the post-TRH TT* concentration is greater than 
2 pg/dL. Euthyroidism is also more likely if there is a relative 
increase in TSH of greater than 100% at 30 minutes after 
TRH administration , 64 A diagnosis of hypothyroidism is 
possible if the post-TRH TT 4 concentration is below the 
reference range (< L5 pg/dL); however, some euthyroid dogs 
fail to respond to TRH. The TRH response test is there I ore 
less reliable than the TSH response test for diagnosis of canine 
hypothyroidism, 

Scintigraphy Few studies evaluate the use of scintigraphy 
for diagnosis of thyroid dysfunction in the dog. Dogs wdth 
normal thyroid function have a median thyroid: salivary' (T:S) 
ratio ol approximately 1 at 20 and 60 minutes after injection 
of 99 TT 1 Tc-pertechnetate . 67 Decreased thyroid uptake of 
pertechnetate is reported in hypothyroid dogs, hut increased 
uptake of pertechnetate was documented in a hypothyroid 
dog with thyroiditis. Further evaluation of scintigraphic find¬ 
ings in canine hypothyroidism is necessary'. Scintigraphy can 
identify the underlying cause in puppies with congenital 
hypothyroidism. In puppies with thyroid agenesis, minimal 
uptake of pertechnetate in the area of the thyroid gland is 
detected, whereas in those with iodination defects, thyroid 
lobes are large, with normal or 

Scintigraphy may also help identify' central hypothyroidism. 
Administration of TSH for 3 days does not alter the thyroid 
image in dogs w r ith primary hypothyroidism but does result in 
increased thyroid uptake in dogs with central hypothy¬ 
roidism , 10 Radioactive iodine uptake and perchlorate discharge 

also be useful in characterization of dogs with, 
congenita! hypothyroidism 


17% had low f fT 4 concentrations .- 3 In 67 critically ill euthyroid 
animals, 61% had low' T 4 concentrations and 56% had low*T 3 
concentrations . 50 In 42 dogs with hyperadrenocorticism, 38% 
had low' TT,, 24% had low fT 4r and 39% had low TT 3 concen¬ 
trations . 52 Dogs with chronic weight loss had decreased TT 4 
and TT 3 concentrations regardless of the cause of weight loss 

Basal Thyrotropin (TSH) Concentration 

Because of the negative feedback effect ot TT 4 on the pitu¬ 
itary' gland, measurement of canine TSH concentration should 
be an accurate indicator of thyroid dysfunction. However 
rent assays for canine TSH have poor sensitivity for diagnosis 
of hypothyroidism. From 13% to 38% of hypothyroid dogs 
have a TSH concentration within the reference ranged 5 f4tl - 5 5,56 
Possible reasons for a normal TSH concentration in hypothy¬ 
roid dogs include secondary' or tertiary hypothyroidism, fluc¬ 
tuation in TSH concentration, and effect of drugs or 

concurrent illness. In addition, the TSH assay may not detect 
all isoforms of circulating TSH. Although some hypothyroid 
dogs with normal or low TSH concentrations have secondary 
or tertiary hypothyroidism, it is unlikely that this accounts for 
most hypothyroid dogs with normal TSH concentrations. 
Serum TSH concentrations in hypothyroid dogs fluctuate into 
the normal range, but there is no predictable pattern . 5 In 
hypothyroid humans, concurrent illness and drugs can decrease 
TSH concentration toward or into the high-normal range. 

Specificity of TSH alone for diagnosis of hypothyroidism is 
lower than measurement of fT 4 orTT 4 because TSH concen¬ 
trations are increased in 7% to 18% of euthyroid dogs. R easons 
for increased TSH w 

roidism, effects of drugs and recovery from nonthyroidal 
illness. TSH concentrations remain within the reference range 
in most euthyroid dogs with concurrent illness , 58 Specificity of 
TSH for diagnosis of hypothyroidism in dogs with 
rently low TY 4 or 

TSH response test The TSH response test is a test of thy¬ 
roid gland reserve and is the criterion standard for diagnosis of 
canine hypothyroidism. Clinical use of this test is limited by 
the availability and expense of medical grade bovine TSH 
Life-threatening reactions may occur in some dogs following 
use of chemical grade TSH. The most widely accepted proto¬ 
col for the TSH stimulation test is measurement of 
TT4 followed by intravenous administration of bovine TSH 
at CL 1 umts/kg (maximum 5 units). A second sample for mea¬ 
surement ofTT 4 is collected 6 hours later. Other protocols use 
a fixed dose of 1 to 5 units per dog; however, lower TSH doses 
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Table * 238-1 


Performance of Various Diagnostic Tests 
for Hypothyroidism in Dogs* 


SENSITIVITY SPECIFICITY ACCURACY 


89% to 100% 75% to 82% 85% 

80% to 98% 93% to 94% 95% 

63% to 87% 82% to 93% 80% to 84% 

63% to 67% 9S% to 100% 82% to 88% 


Total T 4 
Free T 4 
TSH 
T$H/T 4 

TSH/free V 74% 


increased T:S ratios. 


i 


t 


86 % 


98% 


*The data are compiled from three published studies oi a total of 
100 hypothyroid dogs and 164 euthyroid dogs, 4 -> 4fi[Sf: Not all studies 
evaluated all diagnostic tests listed. 

; A dog was considered to have hypothyroidism only it the T 4 or iree 
was 1 ow and tbe T S H was high. 


tests may 


n 






1 542 


SECTION XVI 


• Endocrine Disorders 


Diagnosis of Thyroiditis 

Antithyroglobulin Antibody 

Antithyroglobulin antibodies (ATA) are found in 36% to 50% 
of hypothyroid dogsT 4 A commercially available enzyme 
linked immunosorbent assay (ELISA) for ATA is a sensitive 
and specific indicator of thyroiditis, with false-positive results 
occurring in less than 5% of dogs with other endocrine disor¬ 
ders/ Importantly, a positive ATA titer is not diagnostic of 
abnormal thyroid function because subclinical thyroiditis may 
be present for long periods of time before progression to 
hypothyroidism. In addition, vaccination can result in tran¬ 
sient increases in ATA titer .** 8 It is unknown whether all dogs 
with ATA ultimately develop hypothyroidism. In 171 euthy¬ 
roid d o gs w i th ATA f o 11 n wed for 1 2 m on t h s, 4 % prog ressed 
overt hypothyroidism, 13% developed some evidence of thy* 
roid dysfunction, and 15% became antibody negative.” It is 
likely that the natural history of thyroiditis varies from breed 
to breed. Breeds with increased prevalence of antithyroglobu¬ 
lin antibodies include the golden retriever, great Dane, English 
and Irish setters, Doberman pinscher. Old English sheepdog, 
dalmatian, hasenji, Rhodesian ridgeback, boxer, Maltese, 
Chesapeake Bay retriever, Cocker spaniel, Shetland sheepdog] 
Siberian husky, border collie, and Akita.® Measurement of ATA 
has been advocated for screening breeding stock, with the aim 
of ultimately eliminating heritable forms of thyroiditis. Whether 
this is an effective approach has yet to he demonstrated. 

Anti-T$ and -X 4 Antibodies 

Antibodies directed against T 3 and T 4 (THAA) also 
canine thyroiditis, although they are less prevalent than ATA. 
Because T 3 and T 4 alone are small molecules, these antibodies 
probably develop against T 3 - and T 4 -containing epitopes of thy- 
roglobulin. Anti-T 3 antibodies are found in only 5 . 7 % of samples 
from dogs with clinical signs consistent with hypothyroidism but 
in 34% of confirmed hypothyroid dogs. Anti-T 4 antibodies are 
found in 1 .1 % of samples from dogs with clinical signs consistent 
with hypothyroidism but are found in 15% of confirmed hypothy¬ 
roid dogs .” 41 Because dogs with thyroiditis may still have adequate 
thyroid reserve, THAA are not diagnostic of hypothyroidism. 
Prevalence of THAA is highest in younger dogs [2 to 4 years), 
large-breed dogs, and females. Dog breeds with a high prevalence 
of THAA include pointers, English and Irish setters, Skye terriers, 
Old English sheepdogs, boxers, and Maltese terriers . 41 

Thyroid Biopsy 

Lymphocytic thyroiditis is readily identified by histopathol- 

°&Y. but it is more difficult to determine thyroid function. 

Thyroid biopsy is rarely indicated for clinical diagnosis of 
thyroid dysfunction. 

Treatment and Therapeutic Monitoring 

Hypothym* idis m 

The initial treatment of choice regardless of the underlying 
cause of the disease, is synthetic sodium /-thyroxine (T 4 ). 
Treatment with T 4 preserves normal regulation of T 4 to T 3 

which allows normal physiologic regulation of 
tissue T 3 concentrations and therefore should decrease the 
likelihood of iatrogenic hyperthyroidism. Treatment with syn¬ 
thetic T 3 is not recommended because of an increased risk of 
iatrogenic hyperthyroidism. In addition, T 3 has a shorter half- 
Jife and requires administration three times daily. Treatment 
with T 3 may be indicated if there is inadequate gastrointesti¬ 
nal absorption of T 4 , Gastrointestinal absorption of ingested 
T 3 approaches 100%, whereas oral bioavailability of T 4 is 
3ow r er, at 1 U% to 50%.Treatment with T 3 was previously advo¬ 
cated in suspected hypothyroid dogs w ith a normal T 4 hut a 
low r T 3 ; however, this is no longer recommended. This scenario 
w'as thought to be due to a T to T 3 conversion defect, but 
such a defect has not been documented in dogs. Rather, this 


hormone profile likely represents sick euthyroid syndrome, 
presence of anii-T 3 antibodies, or normal daily fluctuations in 
plasma T 3 concentration. 

The use of desiccated thyroid extract, thyroglobulin, or 
natural thyroid preparations is not recommended because 
the bi©availability and T 4 ;T 3 ratio of these compounds 
able, making consistent dosing difficult. In humans, substitution 
of T 3 tor some of the T,, dose is associated w r ith an improved 
psychologic state in some studies, possibly because tissues 
vary in their ability' to convert T 4 to T 3 , 6lJ Commercially avail¬ 
able combination t 4 /T 3 products contain a T 4 :T 3 ratio of 4:1, 
and may predispose to iatrogenic hyperthyroidism because 
the normal ratio of T 4 :T 3 secreted by the thyroid gland 
approximately 20 : l. 

Optimum dose and frequency of supplementation varies 
among dogs because of variability in T 4 absorption and serum 
half-life. 7 " A dose of 0.02 mg/kg q24h normalizes TSH 
centration in most dogs; higher doses (0.04 mg/kg ql 2 h) 
required to consistently normalize T 3 concentration , 7172 but 
there is little evidence that normalization of T 3 is necessary for 
a good clinical response. Treatment should he initiated 
a dose of 0.02 mg/kg PO q! 2 h and the dose adjusted based 
on the measured serum T 4 concentration (Figure 238-5). 
Twice daily treatment with T 4 is initially recommended to 
improve the likelihood of response to treatment. If clinical 
signs resolve and V 4 concentrations are within the therapeutic 
range, the frequency of T 4 administration may be decreased to 
once daily. It is advisable to use a brand-name product for ini¬ 
tial treatment because studies in people have shown large 
variability in the bioavailability of generic products. Name 

brand canine and human products appear to have similar 
b i oa vail a bi I ity . 72 -' 73 

Adequacy of therapy should be confirmed by therapeutic 
monitoring 4 to 8 weeks after beginning supplementation. 
Serum T 4 concentration should be within the reference 


is van- 


1S 


to 


con- 


are 


at 


occur in 


ra n ge 

immediately prior to administration of a dose, and at the high 
end or slightly above the reference range 4 to 6 hours after 
administration of a dose. This is a clinically effective approach 
but it may result in over-supplementation in some dogs. 
Current assays for TSH are not sensitive enough to distinguish 
a normal from a low' FSH concentration and thus cannot dis¬ 
tinguish between those dogs that are adequately supplemented 
and those that are over-supplemented. Dogs are believed to be 
relatively resistant to development of iatrogenic hyperthy¬ 
roidism because of the short half-life ofT 4 in this species, how- 

the risk of long-term over-supplementation of thyroid 
hormone in dogs has not been investigated. Serum T 4 concen¬ 
trations should be measured at 6 - to 8 -w r eek intervals during 
the first 6 to 8 months of treatment, because metabolism ofT 4 
changes as the metabolic rate normalizes. Frequency of 
T 4 measurement may then be decreased to once or tw'ice a 
year. If the brand of supplement is changed, serum T 4 con¬ 
centration should be measured 4 to 8 weeks after the chang 
The majority of hypothyroid dogs demonstrate good 
trol of their disease at a dose of 0.02 mg/kg T 4 administered 
orally once daily . 74 However, therapy should be individualized 
based on clinical response, therapeutic monitoring, and pres¬ 
ence or absence of concurrent illness. Improvement in activity 
should occur within the first l to 2 w r eeks of treatment; 
weight loss should be evident within 8 weeks , 14 Achievement 
of a normal hair coat may take several months and the coat 
may initially appear worse as telogen hairs are shed. 7 * 
Improvement in myocardial function is usually evident within 
8 wrecks, but may be delayed for as long as 12 months. 
Neurologic deficits improve rapidly after treatment but 
plete resolution may take 8 to 12 w^eeks . 22 

Inadequate supplementation with thyroid hormone results 
in an incomplete clinical response. It may be difficult to estab¬ 
lish w r hat is normal for some dogs, because subtle clinical signs 
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of hypothyroidism may have been present for so long that 

the owners do not know what activity level is normal for their 

dog This is one reason therapeutic monitoring is important. 

Some hypothyroid humans do not have complete resolution 

ol clinical signs unless treated with a small amount of T- in 

addition to TV Whether this is also die case in some dogs is 
unknown. 

In myxedema coma, T 4 should be administered initially 
intravenously (5 pg/kg) because of poor gastrointestinal 
absorption due to hypomotility. Other supportive care includ¬ 
ing appropriate fluid therapy, passive re warming, and ventila¬ 
tory support may also be necessary. 

Concurrent Nonthyroidal Illness 

Cardiomyopathy In hypothyroid dogs with cardiac 
disorders, thyroid hormone supplementation increases 
myocardial oxygen demand and may cause cardiac decom¬ 
pensation. Initial doses of thyroid hormone replacement 
should be 25% to 50% of the usual starting dose. The dose 
may then be increased incrementally based on the results of 
therapeutic monitoring and reevaluation of cardiac function 
Because euthyroid dogs with cardiac disease may have 
decreased thyroid hormone concentrations, it is important to 

adequately document hypothyroidism to avoid inappropriate 
treatment. 


Prognosis 

Prognosis for return to normal function following treatment i 
excellent in most adult hypothyroid dogs. Prognosis i . 
myxedema coma is dependent on early recognition. Resolution 
of clinical signs in puppies with congenital hypothyroidism i 
dependent on the age at which treatment is initiated. 


is 


in 


is 


FELINE HYPOTHYROIDISM 


Naturally occurring hypothyroidism is rare in cats. The most 
common cause of low serum TT 4 in cats is nonthyroidal illness. 
Iatrogenic hypothyroidism occasionally occurs following 
treatment for hyperthyroidism. Clinical signs of hypothy¬ 
roidism in cats are similar to those reported for dogs. Causes 
of spontaneous feline hypothyroidism include congenital 
hypothyroidism in domestic shorthair cats and Abyssinian 
cats' 6-78 and lymphocytic thyroiditis reported in a 5-year-old 
cat and in young kittens. 79 80 

Diagnosis of feline hypothyroidism is confirmed by physical 
examination, history, measurement of serum TT 4 concentra¬ 
tion* and results of TSH or TRH stimulation tests. For a 
TSH stimulation test, TSH is administered at 1 JU/cat 
intravenously or 2.5 to 5 lU/cat intramuscularly, 93 Blood 
pies are collected before injection and 4 to 7 hours after intra¬ 
venous injection or 8 to 12 hours after intramuscular 
injection. Serum TT 4 concentration should double after TSH 
administration. The dose of TRH is 0.1 mg/kg given intra¬ 
venously, with blood collected before and A to 6 hours after 
injection. Serum TT 4 concentration should increase by greater 
than 50% after TRH administration. Immediate transient 
side effects following TRH administration include salivation, 
vomiting, tachypnea, and defecation. A commercial assay for 
canine TSH has been validated for feline use, A high TSH 
measured using this assay in conjunction with a low T 4 in the 

presence of appropriate clinical signs supports a diagnosis of 
hypothyroidism. 

Hypothyroid cats may be treated with T 4 at a dosage 
of 0.05 to 0.1 mg/cat given orally 

monitoring and dosage adjustments should be performed 
recommended for dogs. 


sam- 


Hypoadrenocorticism Replacement of mineral ocorticoid 
and glucocorticoid deficiency should be initiated before treat¬ 
ment with T 4 , because the increased basal metabolic rate may 
exacerbate electrolyte disturbances. 


Treatment Failure 

An incorrect diagnosis of hypothyroidism is the most 
common reason for treatment failure. Diseases such 
hyperadrenocorticism, atopy, and flea hypersensitivity may 
have clinical signs similar to those of hypothyroidism and 
often are associated with decreased thyroid hormone 
trations (sick euthyroid syndrome). Other causes include 
insufficient absorption from the gastrointestinal tract or poor 
owner compliance. If poor gastrointestinal absorption is sus¬ 
pected, T 3 may he substituted forT 4 (4 to 6 pg/kg q8h). 
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Carmel T. Mooney 


FELINE HYPERTHYROIDISM 


not only as the most common endocrine disease of the cat but 

also as one of the more 

small animal practice. 

Eti op ath og e n e sis 

Functional adenomatous hyperplasia (or less frequently ade¬ 
noma) of one (approximately 30% of cases) or, more com¬ 
monly, both (70% of cases) thyroid lobes is the most 


frequently diagnosed disorders in 


Hyperthyroidism (thyrotoxicosis) is a multisystemic disorder 
arising from the excess production of the active thyroid hor- 

(triiodothyronine [T 3 ] and/or thyroxine [T 4 ]) from 
abnormally functioning thyroid gland. 1 In cats, this condition 

first definitively diagnosed in the late 1970s, Its 


mones 


an 


was 


preva¬ 
lence has increased significantly such that it is now recognized 


common 
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secrete thyroid hormones) has been demonstrated in hyper- 
thyroid cats. ss - 39 A more recent study has suggested that 
mutations in the 0% gene found in some hyperthyroid 
cats may play a role in the development of adenomatous 

hyperplasia, 

Thyroid tissue from hyperthyroid cats has also been exam¬ 
ined immunohistochemically to identify expression of the 
oncogenes c-ras r be 12, and the tumor suppressor gene p53. 
Overexpression of the product of c-ras has been demonstrated 
but without detectable staining for either be 12 or p53. Gain- 
of-fu notion mutations in this oncogene may therefore play a 
role in the etiopathogenesis of the feline disease, 211 

Several epidemiologic studies have attempted to uncover 
risk factors that may be implicated in the pathogenesis of the 
disease. Two separate studies have reported that two geneti¬ 
cally related breeds, the Siamese and Himalayan, are at 
decreased risk of developing hyperthyroidism. 6 ' 2 * Cats fed 
almost entirely canned food and those using cat litter have an 
increased risk of developing hyperthyroidism. 621 In addition, 
cats that prefer to eat certain flavors of canned cat food (fish 
liver and giblet flavor) have a significandy increased risk of 
developing hyperthyroidism, 22 Because of this dietary associ¬ 
ation, iodine has been implicated in the cause or progression 
of the disease. The iodine content of cat food is extremely 
variable and often up to 10 times the recommended level, 22 ' 24 
It has been postulated that wide swings in daily iodine intake 
may somehow contribute to the development of thyroid dis¬ 
ease, Although serum free T 4 concentrations may be acutely 
affected by varying iodine intake, more prolonged ingestion 
has no apparent statistical effect, 25 26 Selenium status could 
also potentially modify thyroid function. One study found no 
difference in selenium status in cats from different geographic 
regions with high and low prevalence of hyperthyroidism but 
did find that cats had higher circulating selenium concentra¬ 
tions than other species (possibly as a result of increased 
intake) that may play a role in the pathogenesis of the condi¬ 
tion. 27 Many other goitrogenic compounds exist (e.g., phtha- 
lates) that can contribute to the development of adenomatous 
lesions in exposed cats. These may be of particular importance 
because most are metabolized by glucuronidation, a 
metabolic pathway particularly slow in the cat. A recent study 
has shown that the potentially goitrogenic soy isoflavones, 
genistein, and daidzein, are common constituents of commer¬ 
cially available cat foods and may be present in concentrations 
sufficient to result in some biologic effect, 26 

Clinical Features 

Hyperthyroidism is a disease of middle-aged to older cats, 
with an average age of onset of 12 to 13 years. 2 ' 6,9 ' 20 Although 
the reported age range is 4 to over 20 years, Jess than 5% of 
cats are younger than 10 years of age at the time of diagnosis. 1 
There has been a recent report of hyperthyroidism in an 
8 -month-old kitten, but thyroid histologic changes were 
unlike those found in adult cats and are likely to represent a 
separate disease entity. 20 No sex predisposition exists, and 
despite the decreased risk of developing hyperthyroidism 
associated with certain breeds, most large case studies have 
failed to identify a breed predilection. 2 - 6 ’ 9 29 

Thyroid hormones are responsible for a wide variety of 
actions including the regulation of heat production and car¬ 
bohydrate, protein, and lipid metabolism. They also interact 
with the nervous system, increasing overall sympathetic drive. 
Consequently, almost any organ can be involved, and a variety 
of clinical signs are possible in hyperthyroid animals. 
Table 239-1 lists the most common clinical signs recorded in 
cats from previous and more recent studies. Both the number 
and severity of the clinical signs vary in individual cats, 
depending on the duration of the condition, the ability of the 
cat to cope with the demands of thyroid hormone excess, and 


abnormality associated with hyperthyroidism in cats. 1-6 On 
histologic examination, the normal thyroid follicular architec¬ 
ture is replaced by one or more, well-discernible foci of hyper¬ 
plastic tissue that can form nodules ranging in size from less 
than 1 mm to greater than 3 mm, with w T ide variation in fol¬ 
licular size and architecture both within and between individ¬ 
ual nodules. 13 Normal but compressed thyroid tissue is often 
found surrounding abnormal follicles, but occasionally zones 
of smooth transition between normal and hyperplastic tissue 
are present. Thyroid carcinoma, by contrast, is rare, account¬ 
ing for less than 2% of hyperthyroid cases *' 7 

Prior to 1979, when hyperthyroidism was first definitively 
diagnosed, there were a few anecdotal reports of thyroid 
abnormalities in cats but rarely with clinical signs. 7 However, 
the frequency with which hyperthyroidism is diagnosed has 
since increased dramatically. 6 Retrospective necropsy studies 
reveal few cats with thyroid abnormalities prior to 1979, 7 
whereas clinical studies demonstrate a significant increase in 
cases since that time. In the Animal Medical Center, New T 
York, approximately three hyperthyroid cases per month were 

seen in 1983; this increased to 22 cases per month in 1993, 

despite a similar feline caseload. 9 Increased awareness and 
easier availability of thyroid hormone assays alone is unlikely 
to account for the dramatic increased frequency of diagnosing 
this disease, and it has been suggested that it is truly a new dis¬ 
ease of cats. However, it remains unclear whether this disor¬ 
der is simply diagnosed more frequently because of both a 
general growth in the pet cat population and an overall 
increase in the longevity of the cat. 9 

Although the disorder and its pathologic lesions have by 
now been well described, the cause remains obscure. 
Histologically the disease most closely resembles human toxic 
nodular goiter, although the fact that bilateral involvement is 
more common (despite no clear anatomic link between the 
two thyroid lobes) is reminiscent of human Graves' disease. 
Graves' disease is an autoimmune disorder in w r hkh circulat¬ 
ing antibodies (thyroid-stimulating immunoglobulins fTSIs]) 
bind to thyrotropin (thyroid-stimulating hormone [TSH]) 
receptors and mimic TSH. Initial studies in hyperthyroid cats 
suggested that autoantibodies (thyroid microsomal and anti¬ 
nuclear) were common and could be involved in the patho¬ 
genesis of the condition. 10 How r ever, four separate studies, 
using three different techniques, including transfected cells 
expressing the TSH receptor gene, have failed to identify 
TSIs in hyperthyroid cats. 1114 Increased titers of growth- 
stimulating immunoglobulins have been demonstrated in 
hyperthyroid cats but their role in the pathogenesis of the 
condition is unclear 13 

As in human toxic nodular goiter, adenomatous thyroid 
tissue from hyperthvroid cats retains its histologic appearance 
and continues to grow and function when transplanted onto 
nude mice. 4 Thyroid cells from affected cats, cultured in TSH- 
free media, also continue to grow and hyperfunction. 
Somatic mutations of the TSH receptor gene are an important 
cause of toxic adenoma in humans. However, one research 
group investigating the possibility of such a cause in cats did 
not find any corresponding mutations between codons 480 
and 640 of the feline TSH receptor gene—the area corre¬ 
sponding to the majority of human disease. 16 Extending such 
a study to include codons 66 to 53Q r allowing inclusion of the 
transmembrane and most of the extracellular part of the TSH 
receptor, also found no mutations, suggesting that the patho¬ 
genesis of hyperthyroidism in cals is unlikely to involve muta¬ 
tions in this gene. 17 After TSH binds to its receptor, signal 
transduction is cyclic adenosine monophosphate (cAMP)- 
dependent via a G protein-mediated pathway. Decreased 
expression of a G protein (specifically G i2 ) that is normally 
involved in inhibition of a wide range of G protein-dependent 
intracellular signaling processes (amongst them the signal to 
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the presence or absence of concomitant abnormalities in other 
organ systems . 6 The disease is insidiously progressive, and 
owners may consider the signs, when mild, as part of the gen¬ 
eralized aging process. Therefore months may elapse before 
veterinary attention is sought. Cats are less symptomatic 
today compared with 10 or 15 years ago, presumably because 
of increased awareness and earlier diagnosis. It is now not 
unusual for hyperthyroidism to be confirmed before owners 
fully realize their cats are ill , 9 ’ 33 Although the combination of 
certain clinical signs (weight loss despite a normal or increased 
appetite, hyperactivity, intermittent gastrointestinal (Gl) 
signs, palpable goiter, tachycardia, and cardiac murmur) is 
highly suggestive oi hyperthyroidism, the presence or absence 
of any one sign cannot confirm or exclude the disorder 
Clinical signs suggestive of dyslunction of only one organ 
system may predominate in some cats; as a consequence, 
hyperthyroidism is considered an important differential for 
many presenting features in older cats. 

General Features Weight loss is the most common feature 
of hyperthyroidism occurring in over 80% of cats, resulting in 
overt cachexia in severe cases . 2 ' 69 29 This reflects the overall 
increase in metabolic rate that may he accompanied by a mild 
elevation in body temperature or heat intolerance. 

Hyperthyroidism is associated with hyperactivity in many 
affected cats. This may be more noticeable during a physical 
examination than to the owners, because the cats are often 
restless, difficult to examine, and may become aggressive, 


when restrained. Hyperthyroid cats are often described as 
having an anxious or frantic facial expression and have an 
impaired tolerance to stress . 229 ' 32 In severe cases, stressful 
events, such as blood sampling, can result in collapse, cardiac 
arrhythmias, and dyspnea; care should he taken to handle 
hyperthyroid cats appropriately. Some hyperthyroid cats 

wander aimlessly, pace, and circle (presumably reflecting a 
state of confusion, anxiety, and nervousness ). 32 Sleep may be 
abbreviated, and cats may be awakened easily . 32 Focal or gen¬ 
eralized seizures characteristic of epilepsy have developed in 
a few rare cases, with lessening or resolution of the seizures 
after treatment of the hyperthyroidism. 

Muscle weakness and muscle atrophy with Fatigability are 
occasionally described. Owners may describe a decreased 
ability to jump or fatigue after short bursts of physical activ¬ 
ity , 1 ' 232 The pathophysiology of muscle weakness is unclear 
but presumably is related to the thyrotoxicosis-associated 
weight loss. Severe muscle weakness (exhibited by ventroflex- 
ion of the neck) is rarely described and may result from 
hypokalemia recently reported in hyperthyroid cats , 633 

In previous case series, hair and coat changes were 
common, Shorthaired cats frequently had an unkempt and 
even matted coat, presumably due to undergrooming, 
whereas some longhaired cats had alopecia, presumably due 

Excessive nail growth w-ith increased 


32 


6,29 


to excess grooming, 
fragility has also been described , 6 - 29 These signs are less com¬ 
monly noted today. 

Polyuria and polydipsia reportedly occur in less than 50% 
ol hyperthyroid cats but can be marked in individual cats . 9 
Various mechanisms may be responsible, including concurrent 
primary renal disease (not unexpected in a group of aged 
cats), increased renal blood flow decreasing medullary solute 
concentration gradient, electrolyte abnormalities, and primary 
polydipsia because of a hypothalamic disturbance induced by 
thyroid hormone excess , 1 Hyperthyroidism could contribute 
to the development of renal disease in cats. The systemic 
hypertension accompanying hyperthyroidism could be trans¬ 
mitted to glomeruli, and in the absence of autoregulation, 
intraglomerular hypertension and glomerular hyperfiltration 
potentially results , 34 These factors contribute to glomerular 
sclerosis and progression of renal failure in cats. On the other 
hand, hyperthyroidism may prove beneficial in maintaining 
sustainable renal function in cats with pre-existing renal dis¬ 
ease. Overt signs of renal dysfunction may he unmasked upon 
reversal of the hyperthyroid state, and it is this effect that 
appears to be of greatest concern w hen considering treatment 
of affected cats (see Effect of Treatment on Renal Function). 


Table 


Clinical Findings in 7 3 J Cats (1983 Survey) 
Compared unth 202 Cats (1993 Survey) 


NUMBER (%) 
OF CATS 
1983 SURVEY 


NUMBER (%) 
OF CATS 
1993 SURVEY 


FEATURE 


Weight loss 
Polyphagia* 

Hyperactivity* 

Tachycardia* 

Polyuna/polydipsttT 
Vomiting 
Cardiac murmur 
Diarrhea* 

increased fecal volume 4 
Anorexia* 

Panting* 

Muscle weakness* 
Congestive heart failure 

(CHF)* 

increased nail growth 

Dyspnea 

Alopecia 

Ventroflexion of neck 
Palpable goiter 


128 (98%) 
106 (81%) 
99 (76%) 
87 (66%) 
78 (60%) 
72(55%) 
70 (53%) 
43 (33%) 
41(31%) 
34 (26%) 
33 (25%) 
33 (25%) 
16(12%) 


177(87%) 
99 (49%) 
63 (31%) 
85 (42%) 
73 (36%) 
89 (44%) 
109 (54%) 
30 (15%) 
17(8%) 

14 (7%) 
19(9%) 
24(12%) 

4 (2%) 


Gastrointestinal Features While some hyperthyroid cats 
have no discernible change in appetite, approximately 50% 
are described as polyphagic , 9 Despite the increased appetite, 
caloric intake is rarely adequate to compensate for increased 
energy expenditure, and weight loss generally ensues. Up to 
20 % of hyperthyroid cats exhibit short periods of anorexia 
that alternate with longer periods of norma! or increased 
appetite, although the reasons for this are unclear , 6 Cats with 
apathetic hyperthyroidism usually exhibit partial to complete 
anorexia (see Apathetic Hyperthyroidism), 

Intermittent GJ signs of vomiting and r less commonly, 
diarrhea ( increased frequency or volume or steatorrhea t are 
frequently observed in hyperthyroid cats , 1 - 2 - 6 - 9 - 29 Rapid 
overeating may contribute to vomiting, particularly in multi- 
cat households; however, direct stimulation of the ehemore- 
ceptor trigger zone is also possible , 3 2 Intestinal hypermotility, 
excess fat intake, and a reversible reduction in pancreatic 
exocrine function all contribute to the diarrhea associated 
with hyperthyroidism in humans , 6 Many of these mechanisms 
have not yet been fully evaluated in cats. However, two separate 
studies evaluating 10 and 13 hyperthyroid cats each have 


15 (12%) 
14(11%) 
9(7%) 

4 (3%) 
118(90%) 


13(6%) 

20 ( 10 %) 

6(3%) 

2 ( 1 %) 

167(83%) 


‘There was a significant decrease in the prevalence of the finding 
between the surveys. 

Data horn Peterson ME et al: Feline hyperthyroidism: preireatment 
clinical and laboratory evaluation of 131 cases. J Am Vet Med Assoc 
183:103, 1983; Broussard JD et al: Changes in clinical and labora¬ 
tory findings in cats with hvperthyroidism from 1983 to 1993, J Am 

Vet Med Assoc 206:302, 1995. 
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reported an accelerated orocecal transit time compared 
with healthy cats and compared with hyperthyroid cats after 
successful treatment, respectively, 35 36 

Cardiovascular Features Cardiovascular signs are 

common in hyperthyroidism and are frequently the most 

significant findings on physical examination (alerting the clin¬ 
ician to the possibility of hyperthyroidism}. They include 
tachycardia, systolic murmurs, a prominent apex beat, and less 
commonly arrhythmias.^ 29 Systolic murmurs appear to be 
more commonly recognized than tachycardia in more recent 
reports, 9 Congestive heart failure (CHF) appears to be 
uncommon; when it arises it may be associated with a gallop 
rhythm, coughing, dyspnea, muffled heart sounds, and 
ascites. b9 Hyperthyroidism is usually associated with a form 
of hypertrophic cardiomyopathy that can result in cardiac 
failure in the absence of any underlying myocardial abnor¬ 
malities. 37 Less commonly, a dilated form of cardiomyopathy 
with severe signs of CHF has been described 38 Cats with 
CHF require treatment for both their hyperthyroidism and 
cardiac failure, using those drugs recommended for the 
specific form of cardiomyopathy present. While often 
reversible, cardiomyopathy persists or worsens after treatment 
in some cats, suggesting a pre-existing cardiac defect or 
thyroid hormone-induced irreversible structural damage. 39 
The exact mechanism for the cardiac abnormalities is unclear 
but appears to involve a combination of direct action of 
excess thyroid hormones on the heart, interactions between 
thyroid hormones and the sympathetic nervous system, and 
cardiac changes that compensate for altered peripheral tissue 
function. 2 37 

An early study suggested that mild to moderate hyper¬ 
tension that is reversible after successful induction of 
euthyroidism is relatively common in hyperthyroid cats. 
Hypertension in cats has been associated with a variety of 

ocular abnormalities including retinal detachment, hemor¬ 
rhage, edema, and degeneration with resultant blindness. 4J 
However, in most studies of hyperthyroid cats, obvious ocular 
signs such as blindness are not reported, 422 - 1 In addition, 

fundoscopic examination in hyperthyroid cats rarely reveals 
retinal lesions even in the presence of hypertension. 

A more recent study has suggested that hyperthyroidism, 
although causing mild increases in systolic blood pressure, is 
not often a cause of severe hypertension unless accompanied 

by renal failure. 44 

Respiratory Features Respiratory abnormalities, chiefly 
tachypnea, panting, and dyspnea have been reported in hyper¬ 
thyroid cats, although their prevalence, like other clinical 
signs, have decreased in recent years, 2 9 Obviously, these 
signs occur in cals with CHF. However, they may also be seen 
in cats without overt cardiac disease and in such cases are 
often precipitated by stressful events such as veterinary inter¬ 
vention, Proposed explanations include varying combinations 
of respiratory muscle weakness, increased ventilatory drive to 

breathing, increased airway resistance, diminished lung com¬ 
pliance and even, albeit rarely, tracheal compression due to an 
enlarged thyroid gland, 29 

Apathetic Hyperthyroid ism Apathetic (occasionally called 

masked) hyperthyroidism is an unusual form of thyrotoxicosis 
that is seen in approximately 10% ol catsA 2 - 1 In such cases, 
hyperactivity is replaced by depression and polyphagia by 
anorexia; weight loss continues unabated. Affected animals 
can be extremely ill. In human medicine, the term apathetic 
hyperthyroidism is usually restricted to those patients with 
signs (particularly atrial fibrillation and CHF} induced by 
excess thyroid hormones and does not include those with con¬ 
current disease, 21 ' In cats this distinction is not always made. 


"llierefore although many cats are ill as a result of CHF, a 
significant proportion have concurrent illnesses such as renal 
failure or neoplasia that account for the majority of their 
clinical signs In cats with apathetic signs, a thorough investi¬ 
gation for CHF and other illnesses is indicated because results 
may alter the therapeutic protocol and eventual prognosis. 

Palpable Goiter In healthy cats the thyroid gland is divided 
into two separate lobes positioned just below the cricoid 
cartilage. Each lobe extends ventrally over the first five or six 
tracheal rings and are not normally palpable. Enlargement of 
one or more thyroid lobes is detectable by palpation in over 
80% of cases. 9 With progression of the disease and greater 
clinician experience, goiter may be detectable in over 95%i of 
cases. 29 Thyroid lobes are loosely anchored to surrounding tis¬ 
sues and as they enlarge tend to migrate ventrally toward the 
thoracic inlet, occasionally entering the anterior mediastinum. 
Ectopic thyroid tissue, located anywhere from the base of the 

tongue to the base of the heart, can also be involved. 45 

Occasionally goiter is visible, but in most cases palpation is 
required. To palpate for goiter the cat should be restrained by 
holding its front legs in a sitting position. With the neck gently 
extended, the thumb and forefingers are placed on either side 
oi the trachea and swept carefully downwards from the larynx 
to the manubrium. The fingertips should remain within the 
jugular furrows, but it is important to be gentle and to avoid 
hyperextension of the neck or the thyroid lobes can become 
embedded into muscle or deviated retrotracheally. Goiter is 
usually felt as a mobile subcutaneous nodule or "blip" that 
slides or slips under the fingertips. 1 When palpation is diffi¬ 
cult, clipping the ventrocervical area and moistening the skin 
with alcohol may help in the visualization of small mobile 
nodules. More recently a semiquantitative thyroid palpation 
technique has been described with the clinician positioned 
behind the cat and the head raised and turned alternatively to 
the right or left, depending on which side is being assessed. 
The degree of enlargement is assigned a score between I and 

6 , linked to the severity of hyperthyroidism. Although consid¬ 
ered sensitive, such a technique is highly subjective. 

The presence of a cervical mass is not always synonymous 
with hyperthyroidism. Masses can be associated with lymph 
node enlargement or parathyroid hyperplasia and neoplasia. 
In addition, goiter may develop in cats without overt hyper¬ 
thyroidism, although undoubtedly T 4 secretion increases in 
many of these individuals with time, necessitating careful and 
regular re-examinations. 47 

Diagnostic Procedures 

A variety of procedures have been recommended for evaluat¬ 
ing cats suspected of having hyperthyroidism. The results of 

screening laboratory tests, diagnostic imaging, and electrocar¬ 
diography may provide supportive evidence of hyperthy¬ 
roidism or detail extent of cardiac involvement Screening 
laboratory tests are also useful in eliminating other diseases 
wuth similar clinical signs or in depicting concurrent disorders 
potentially masked by hyperthyroidism that may be impor¬ 
tant in treatment decisions and ultimate prognosis. Specific 
thyroid function tests are necessary for confirmation of the 
d i so rder. 
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Echocardiography and Radiology Evidence exists of 
mild to severe cardiac enlargement on thoracic radiography 
in over 50% of hyperthyroid cats, 31 This is accompanied 
by evidence of pleural effusion and pulmonary edema in 
cats with CHF. 63t The most common echocardtographic 
abnormalities include hypertrophy ol the left ventricular 
caudal wall (approximately 70% of cats], left atrial and ven¬ 
tricular dilation (70% and 45% of cats, respectively}, and 
hypertrophy of the interventricular septum (40% of cases). 
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Myocardial hypereontractility r as evidenced by increased 
shortening fraction and velocity of circumferential fiber short¬ 
ening, is often found, 3 -These abnormalities usually resolve or 
improve once hyperthyroidism has been effectively treated. 3 ’ 1 
Occasionally, hyperthyroidism is associated with a dilated 
form of cardiomyopathy with echocardiography evidence of 
reduced myocardial contractility and marked ventricular 
dilatation, 3 - Thoracic radiographs are necessary in cats sus¬ 
pected of having cardiac failure. 

Electrocardiography Sinus tachycardia (approximately 
60% of cases) and increased R-wavc amplitude in lead II 
( approximately 30% to 50% of cats) were originally the most 
frequent abnormalities recorded on electrocardiographic 
examination of hyperthyroid cats. 2646 Other recorded abnor¬ 
malities included atrial and ventricular arrhythmias, pro¬ 
longed QRS duration, shortened Q-T interval, intraventricular 
conduction disturbances, and ventricular pre-excitation. 2646 
A more recent study reported a reduced prevalence of tach¬ 
yarrhythmias, increased R-wave amplitude in lead II, atrial 
and ventricular arrhythmias, and conduction disturbances, 
but an increased prevalence of right bundle branch block. 33 
The reason for the latter is unclear. 


correlated, and concentrations of ALT and ALKP declined to 
within reference range with successful induction of euthy- 
roidismT 1 - 52 As a consequence, the degree of elevation is subtle, 
if present at all, in early or mild cases of hyperthyroidism. If 
marked elevation in liver enzyme activities are seen with only 
mildly abnormal serum thyroid hormone concentrations, con¬ 
current hepatic disease should be suspected and investigated 
Despite the marked increases in hepatic enzyme activities 
in some hyperthyroid cats, histological examination of hyper¬ 
thyroid cat livers has revealed only modest and nonspecific 
change. These include increased pigment within hepatocytes, 
aggregates of mixed inflammatory cells in the portal regions, 
and focal areas of fatty degeneration. 2 In more severe cases, 
cemrilobular fatty infiltration may occur together with patchy 
portal fibrosis, lymphocytic infiltration, and proliferation of 
bile ducts, 26 Suggested explanations for such abnormalities 
have included malnutrition, CHF, infections, hepatic anoxia, 
and direct toxic effects of thyroid hormones on the liver. 
However, several recent reports have examined the possibility 
of other sources of these enzymes and have shown that both 
liver and bone contribute to increased ALKP activity in hyper- 
thyroid cats. 31 53 54 The bone isoenzyme contributes approxi¬ 
mately 20% to 30% of total ALKP activity; although 
frequently increased in hyperthyroid cats, a poor correlation is 
seen with total T 4 concentrations, 5154 

Hyperphosphatemia, in the absence of azotemia, was orig¬ 
inally reported in approximately 20% of cases, and this has 
more recently been reported in a higher percentage (36% to 
43%) of hyperthyroid cats particularly when compared with 
an age-matched control group. 54 - 55 This, together with the 
increase in the bone isoenzyme of ALKP, is suggestive of 
altered bone metabolism. Circulating osteocalcin concentra¬ 
tion, used as a measure of osteoblastic activity and bone 
remodeling, although variable, has been shown to be increased 
in hyperthymid cats. 54 In human thyrotoxic patients, an 
increased risk of osteoporosis exists because of a direct effect 
of thyroid hormone on bone. The net bone loss leads to the 
release of calcium and a tendency toward hypercalcemia, 
hyperphosphatemia, hypoparathyroidism, and reduced con¬ 
centrations of activated vitamin D, 655 Early reports suggested 
that despite hyperphosphatemia, circulating calcium concen¬ 
tration was largely unaffected by hyperthyroidism in cats. 6 
However, only total calcium was measured. In two separate 
studies it has been shown that up to half of hyperthyroid cats 
have serum ionized calcium concentrations below the refer- 

In addition, hyperparathyroidism appears to 


Screening Laboratory Tests In early reports of hyperthy¬ 
roidism, mild to moderate erythrocytosis and macrocytosis 
were common 2 * 9 In one study of 13! hyperthyroid cats, an 
increased packed cell volume i! I 'C V), mean corpuscular volume 
1 MCV), red blood cell (RBC) count, and hemoglobin concen¬ 
tration were reported in 47%, 44%, 21%, and 17% of cats, 
respectively; the prevalence of such changes remained as high 
m a study undertaken 10 years later. 6 - 9 Such changes are 
thought to reflect increased erythropoietin production resulting 
from increased oxygen consumption or direct thyroid hor¬ 
mone-mediated beta-adrenergic stimulation of erythroid 
marrow. Erythropoietin excess is also a potential factor in pro¬ 
moting the release of macrocytes into the circulation. However, 
in a similar study of hyperthyroid cats from the United 
Kingdom, there were minimal changes in red cell parameters 
and macrocytes were rare. 29 Although it is difficult to explain 
the differences between the studies, it is worth stressing that 
none of the previously mentioned abnormalities, if observed, i 
clinically important. Anemia appears to be rare. 6 - 29 When it 
occurs it is usually associated with severe hyperthyroidism and 
may result from bone marrow exhaustion, iron, or other 
micro nutrient deficiency, 29 Despite the lack of overt anemia, a 
significantly higher prevalence of Heinz body formation has 
been reported in cats with hyperthyroidism compared with 
healthy cats, although with few r ei and smaller Heinz bodies 
compared with other diseases. 49 Hyperthyroid cats also appear 
to have higher mean platelet size than healthy cats, but the sig¬ 
nificance of this remains unclear, 50 

Changes in white blood cell (WBC) parameters are not 
unusual in hyperthyroidism but are relatively nonspecific. 
The most frequent changes include leukocytosis, mature 
neutrophilia, lymphopenia, and eosinopenia, presumably 
reflecting a stress response. 2 6 - 9 29 However, eosinophilia and 
lymphocytosis have also been described and potentially result 
from a relative decrease in avail able cortisol because of 
circulating thyroid hormone concentrations. 

The most striking biochemical abnormalities observed in 
hyperthyroid cats are increases in liver enzyme activities. 
These include alanine aminotransferase (ALT), alkaline phos¬ 
phatase (ALKP), lactate dehydrogenase (LDH), and aspartate 
aminotransferase (AST). In more recent and previous reports, 
at least one of these enzymes is abnormally increased in over 
90% of hyperthyroid cats. 269 - 29 The elevations in these 
enzymes can be dramatic. However, at least in one study 
serum ALKP and total T 4 concentrations were significantly 


is 


5435 


ence range, 

be common and has been demonstrated in over 70% of hyper¬ 
thyroid cats with maximum 

approaching 19 times the upper limit of the reference range. 
Preliminary results suggest that circulating 1,25 Vitamin D 
concentrations are not suppressed in cats as in humans. 55 The 
cause of hyperparathyroidism, hyperphosphatemia, and ion¬ 
ized hypocalcaemia remain unclear and warrant further study, 
in addition, its clinical consequences are unknown, although 
the increased secretion of PTH necessary to maintain ionized 
calcium at the low end or below the reference range might 
contribute to the tendency of some cats to develop hypocal¬ 
cemia after surgical thyroidectomy. 

In early reports of hyperthyroidism, mild to moderate 
azotemia appeared to be common, occurring in 25% to 70% 
of cats. 2629 Current figures suggest that just over 20% of 
hyperthyroid cats are azetemic. 9 Although such prevalence is 
not unexpected in a group of aged cats, the increase could be 
exacerbated by the increased protein catabolism, hyperten¬ 
sion, and the possible prerenal uremia of thyrotoxicosis. 2 34 
In hyperthyroid cats without azotemia, serum creatinine 
concentration is significantly lower compared with age-matched 
healthy animals. 55 This may be related to a loss of muscle mass 
and a reduction in the rate of formation of creatinine rather 
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likely that the total T 3 concentration would increase into the 
reference range if the disorder were allowed to progress 
untreated, 6 

Early reports suggested that all hyperthyroid cats had 
elevated total X, concentrations with values up to 19 times 
the upper limit of the reference range. 629 However, it has 
recently been recognized that up to 10% of hyperthyroid cats 
have reference range circulating total T 4 concentrations 
(Figure 239-2) A 59 Such values are usually, but not exclusively, 
within the mid- to high end of the reference range. 
Hyperthyroidism, therefore, should not be excluded based on 
finding a single reference range total T 4 value. 

Nonspecific fluctuation of thyroid hormones has been 
reported in hyper thyroid cats and may account for the refer¬ 
ence range total T 4 values found. In cats with markedly 
elevated serum thyroid hormone concentrations, the degree of 
fluctuation is of little diagnostic significance. 160 61 However, in 
mildly affected cats with marginally elevated total T 4 values, 
the degree of fluctuation can result in reference range values. 61 
Increased thyroidal production could result in increased circu¬ 
lating concentration, hut because the serum half-life of thyroid 
hormones is measured in hours, acute decreases presumably 
reflect fluctuations in binding proteins or other unclear 


than any effect of thyrotoxicosis on tubular secretion of crea¬ 
tinine, because this is not considered to occur in cats. Whatever 
the cause of decreased creatinine concentrations, it is likely that 
this effect will tend to mask evidence of renal failure in cats. This 
has implications when assessing renal function in hyperthyroid 
cats prior to deciding on the best option for treatment (see 
Effect of Treatment on Renal Function), 

A number of other dinicopathologic abnormalities have 
been described in hyperthyroid cats. Clinically significant 
hypokalemia has been reported in four hyperthyroid cats, but 
the cause remains unclear 33 Blood glucose concentrations may 
be increased in small number of hyperthyroid cats, presumably 
reflecting a stress response. 69 Hyperthyroidism is also associ¬ 
ated with glucose intolerance characterized by delayed clear¬ 
ance of administered glucose from the plasma despite 
increased secretion of insulin. S6 This is not reversible after 
treatment, which may be related to weight gain as eutbyroidism 
is achieved. Two separate studies have examined the effect of 
hyperthyroidism on circulating fructosamine concentration. 57 - 8 
In both studies, serum fruciosamine concentration was signif¬ 
icantly lower in hyperthyroid compared with healthy cats, pre¬ 
sumably as a result of increased protein turnover. Importantly, 
as many as 50% of cats had values below the respective reler- 

ence range. Caution is therefore advised in interpreting serum 
fructosamine concentration in hyperthyroid cats, particularly 
if concurrently diabetic. Other biochemical parameters such 
as cholesterol, sodium, chloride, bilirubin, albumin, and glob¬ 
ulin are usually within their respective reference ranges in 
hyperthyroid cats unless affected by a concurrent nonthy- 
roidal illness. Urinalysis is generally unremarkable. The urine 
specific gravity (USG) is extremely variable, ranging from 
1.009 to 1.050, but is generally lower than in an age-matched 
population, presumably reflecting the effect of hyperthy¬ 
roidism on renal concentrating mechanisms, 6 9 55 

Thyroid Function Tests The diagnosis of hyperthyroidism 

is confirmed by the demonstration of increased production of 
the thyroid hormones or thyroidal radioisotope uptake. 

Pathophysiology In cats, T, rather than is the main 
secretory product of the thyroid gland. However, T 3 is three 
to five times more potent than T,, Most circulating T 3 is 
produced from extrathyroidal S'-deiodinatian of T 4 and, as 
a resultj T 4 is often considered as a prohormone, and activa¬ 
tion to T 3 a step that is autoregulated by peripheral tissues. 

Over 99% of circulating X 4 is protein bound, the remainder is 
free and metabolically active. Overall control of thyroid func¬ 
tion is mediated via the negative-feedback effect of circulat¬ 
ing T 4 and T 3 on thyrotropin-releasing hormone (TRH) from 
the hypothalamus and TSH from the anterior pituitary. 

Basal circulating thyroid hormone concentrations 

Increased basal circulating concentrations of total T 4 and T 3 
concentrations are the biochemical hallmarks of hyperthy¬ 
roidism and are extremely specific lor its diagnosis. However, 
since the first reports of the disease, it has been recognized 
that although circulating total T 4 and T 3 concentrations are 
highly correlated, measurement of circulating total T 4 is 
preferable. 6 ' 29 In early studies, a small percentage (< 10%) of 
cats with elevated circulating total T 4 concentrations had con¬ 
current reference range total T 3 values. This has increased to 
approximately one third of cats tested in more recent reports 
(Figure 239-1 )iX 59 Severe concurrent nonthyroidal illness may 

play a role in suppressing T 3 concentration by inhibiting 
peripheral conversion of T 4 to T 3 , as it does in humans, 
although this appears to be a less common phenomenon in 
cats. 29 The majority of hyperthyroid cats with total T 3 concentra¬ 
tion within reference range are classified as mildly affected, with 
only mild abnormalities in circulating T 4 concentration. It is 
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Hypeflhyroid Other illness 
Figure 239-1 Box plots of serum total triiodothyronine (T 3 ) 

concentrations in 172 clinically normal cats, 917 cats with 
untreated hyperthyroidism, and 221 cats with nonthyroidal 
disease (other illness). The box represents the interquartile range 
(i.e.j 25% to 75% range or the middle hall of the data). The hor¬ 
izontal bar in the box represents the median value. For each box 
plot, the T-bars represent the main body of the data, which in 
most instances is equal to the range. Open circles represent out¬ 
lying data points. The shaded area indicates the reference range 
for serum concentration. To convert serum T 3 concentrations 
from nmol/L to ng/dL, one should divide the given values by 
0.03 54. (From Peterson ME et al; Measurement of serum 
concentrations of free thyroxine, total thyroxine, and total 
triiodothyronine in 

nonthyroidal illness. J Am Vet Med Assoc 218:529, 20U1.) 
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Hyperthyroid Other illness 

serum total thyroxine (T 4 ) 
trations in 172 clinically normal cats, 917 cats with untreated 
hyperthyroidism, and 221 cats with nonthyroidal disease (other 
illness]. Data are plotted (i.e,, box plots) as described in the 
legend of Figure 239-1, The shaded area indicates the reference 
range for serum T 4 concentration. To convert serum T 4 concen¬ 
trations from nmol/L to ng/dL, divide the given values by 12.87, 
(From Peterson ME et ah Measurement of serum concentrations 
of free thyroxine, total thyroxine, and total triiodolhy 

cats with hyperthyroidism and cats with nonthyroidal illness, 
J Am Vet Med Assoc 238:529, 2GGT) 


Mild 


Moderate 


Save re 

Figure 239-3 Box plots ol serum total thyroxine (T 4 ) 

trations in 221 cats with nonthyroidal disease (other illness), 
grouped according to severity of illness. Of the 221 cats, 65 had 
mild disease, 83 had moderate disease, and 73 had severe disease. 
Data are plotted (he., box plots) as described in the legend of 
Figure 239-1. The shaded area indicates the reference range for 
serum T 4 concentration.To convert serum T 4 concentrations from 
nmol/L to ng/dL, one should divide the given values by 12.87, 
(From Peterson ME et al: Measurement of serum concentrations 
of free thyroxine, total thyroxine, and total triiodothyronine in 
cats with hyperthyroidism and cats with nonthyroidal illness. 

) Am Vet Med Assoc 218:529, 2001.] 


Figure 239-2 Box plots of 


concen- 


conce ti¬ 


ro nine in 


hemodynamic changes. If mild hyperthyroidism is suspected 
a cat with mid- to high reference range circulating total T 4 
concentration, a repeat measurement is indicated. Because the 
degree of fluctuation is greater over a period of days than 
hours, further sampling should be deferred for 1 or 2 week s. l6i 

Nonthyroidal illness is capable of suppressing circulating 
total 1 j concentration in cats as in dogs. The degree of sup¬ 
pression is correlated to the severity rather than the type of 
illness; because it is inversely correlated to mortality it can be 

used as a prognostic indicator (Figure 239-3) The 

mechanisms remain unclear but are more likely to involve 

changes in protein binding or metabolism rather than 
effect on 


to further investigate hyperthyroidism in such cats. 5 * 1 Serum 
total T 4 values will increase into the thyrotoxic range upon sta¬ 
bilization of or recovery from the nonthyroidal illness. 1 62 

Measurement of circulating free T 4 concentration may 
provide an alternative means of diagnosing hyperthyroidism, 
particularly in cats with reference range total T 4 values. In 
humans, free T 4 measurement is considered a superior diagnos¬ 
tic test for hyperthyroidism because it is less affected by non¬ 
thyroidal factors than is total T 4 and provides a more accurate 
reflection of thyroid status. 65 Notably, when serum total T 4 con¬ 
centration is increased, the concentration of free T 4 is dispro¬ 
portionately increased. This may be related in part to relative 
saturation of binding proteins byT 4 and subnormal concentra¬ 
tion of the principle binding proteins, 65 In addition, serum free 
T 4 concentration remains increased in hyperthyroid patients 
with nonthyroidal illnesses when total T 4 concentration is sup¬ 
pressed into the reference range. 6 - Measurement of free T 4 con¬ 
centration has recently been evaluated in a large number of 
hyperthyroid cats and as in humans, appears to be an extremely 

sensitive diagnostic test (Figure 239-4) ** In this s~tudy, serum 
free T 4 concentration was elevated in 903 (98.5%) of 917 
hyperthyroid cats, whereas corresponding serum total T 4 values 
were elevated in only 837 (913%) cases. However, in all cats 
with an elevated serum total T 4 concentration, free T 4 concen¬ 
tration is concurrently high. 59 Thus measurement of free 

no further diagnostic informati 

cats categorized as mildly 


in 


any 

the hypothalamic-pituitary-thyroid axis. 62 ^ Similar 
suppression occurs in hyperthyroid cats with concurrent 

thyroidal illness. The degree of suppression has little 
diagnostic significance in hyperthyroid cats with markedly 
elevated serum total T 4 concentration. 29 62 64 However, in cats 
with mild or early hyperthyroidism, reference range circulat¬ 
ing total T 4 concentrations may occur. In the largest study of 
917 hyperthyroid cats, a concurrent illness was identified in 17 
of 80 (22%) cats with mild hyperthyroidism and reference 
range serum total T 4 concentration.- L ‘ In the majority of affected 
cats, serum total T 4 concentration is within the mid- to high end 
of the reference range. Occasionally, values are w'ithin the mid- 
to low end of the reference range, but such cats usually exhibit 
the most severe concurrent illnesses. Other signs, particularly 
detection of a palpable thyroid nodule, may indicate the need 


non- 


T. f con cen tra ti on offers 

However, in 205 hyperthyroid 


on. 




































































CHAPTER 239 


* Hyperthyroidism 


1551 


affected with or without a concurrent illness, serum total T 
concentration was only elevated in 125 (61%) cases, whereas 
corresponding free F 4 concentrations were high in 191 (93.2%) 
cats (Figure 239-5). Free V 4 analysis is not without disadvan¬ 
tage It is only reliably measured by methods involving dialysis 

increase expense and are not always readily available. 1 In 
addition, it lacks diagnostic specificity compared with total T 4 
measurement. In two separate studies, 6% to 12% of sick euthy¬ 
roid cats had elevated circulating free T 4 concentrations. 
These cats generally had corresponding total T 4 values in the 
lower half of or below the reference range. Serum free T 
centration should therefore be interpreted with caution if used 
as the sole diagnostic criterion for confirmation of hyperthy¬ 
roidism. It is more reliable if interpreted together with a serum 
total T 4 concentration. A mid- to high reference range total T 4 
and elevated freeT 4 concentration is consistent with hyperthy¬ 
roidism. 59 By contrast, low total T 4 and elevated freeT 4 values 
are usually associated with nonthyroidal illness. 2 - 159 

Identification of concurrent nonthyroidal illness, repeat 
total T a analysis or simultaneous freeT 4 measurement usually 
provides enough evidence to confidently diagnose hyperthy¬ 
roidism. However, dynamic thyroid function tests have been 
recommended as helpful in achieving a diagnosis. The meth¬ 
ods for performing these tests are outlined in Table 239-2. 

Realistically they should be reserved for cats with clinical 
signs suggestive hyperthyroidism when repeated total T 4 con¬ 
centration remains equivocal and serum free T A measurement 
is unavailable or unhelpful. 65 

Thyroid-stimulating hormone response test In an early 
study it was suggested that the TSH response test was useful 
in confirming a diagnosis of hyperthyroidism because there 
was little difference in serum concentrations of T 4 before and 
after exogenous TSH admin istrationF In a larger study of 40 

hyperthyroid cats, including those with equivocal total T A 
values, the overall limited T 4 response to TSH stimulation was 
confirmed.^ 1 However, it was shown that hyperthyroid cats 
with equivocal basal total T 4 concentrations exhibit a response 
indistinguishable from that in healthy cats, suggesting that the 
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Hyperthyroid Other illness 

Figure 239-4 Box plots of serum free thyroxine (T 4 ) concen¬ 
trations in 172 clinically normal cats, 917 cats with untreated 
hyperthyroidism, and 221 cats with nonthyroidal disease (other 

described in the 
legend of Figure 239-1. The shaded area indicates the reference 
range for serum free T A concentration. To convert serum free T 4 
concentrations from nmol7L to ng/dL, one should divide the 
given values by 12.87. (From Peterson ME et ah Measurement of 
serum concentrations of free thyroxine, total thyroxine, and total 
triiodothyronine in cats with hyperthyroidism and cats with non¬ 
thyroidal illness. J Am Vet Med Assoc 2 18:529, 2001.) 
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Figure 239-5 Box plots of 

serum total thyroxine (T 4 ), total 
triiodothyronine (TJ, and freeT 4 

concentrations in 205 cats with 
mild hyperthyroidism (defined as 
total T 4 concentration < 66 nmol/L) 

Data are plotted (he., box plots) 
described in the legend of Figure 

239-1, The shaded 

the reference range lor each hor¬ 
mone. (From Peterson ME et ah 
Measurement of serum concentra¬ 
tions of free thyroxine, total thy¬ 
roxine, and total triiodothyronine 
in cats with hyperthyroidism and 
cats with nonthyroidal illness. .1 Am 

Vet Med Assoc 218:529, 2001.) 
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Table 


Protocols for Dynamic Thyroid Function Tests Used for Diagnosing Hyperthyroidism in Cats 

TSH RESPONSE 


TEST 


TRH RESPONSE 


T 3 SUPPRESSION 

Iiothyronine} 


Drug 


Bovine TSH 


Recombinant 
human TSH* 

Q.025-G.2Q mg/cat 


TRHt 


Dose 


0.5 lU/kg 


0,1 mg/kg 


15-25 jjg every 

S hours for 7 doses 


Route 

Sampling times 


Intravenous 
Zero and 6 hours 


Intravenous 
Zero and 6-8 hours 


Intravenous 

Zero and 4 hours 


Oral 

Zero and 2-4 hours 
after last dose 
Total T 4 and total T 3 


Assay 


Total T 4 


Total T 4 


Tot aIT 4 


'Thyrogen, Genzyme Corporation 

T R defact TRH, Hoechsi-Roussel Pharmaceuticals; Thypinone, Abbott Diagnostics 
*Cytomcl, Jones Medical Industries 

Data compiled from references 66- 7 T 


abnormal thyroid glands do retain the ability to respond to 
TSH but are producing T 4 at maximal rates. Presumably 
hyperthyroid cats with the lowest basal total T 4 concentration 
have the greatest potential to respond to TSH, although it has 
been suggested that this response may be related to stimula¬ 
tion of normal thyroid tissue often found within hyperplastic 
glands . 06 Bovine TSH has traditionally been used for the TSH 

longer commercially available 
pharmaceutical preparation. Recombinant human TSH has 
been evaluated in euthyroid cats and appears to be a safe and 
effective replacement for bovine TSH . 67 However, TSH is 
expensive and because of the difficulties in interpreting the 
test results, the TSH response test has significant limitations in 
the evaluation of hyperthyroidism in cats. 

Thyrotropin-releasing hormone response test In healthy 
cats, administration of TRH causes an increase in TSH and, in 
turn, thyroid hormone secretion. In hyperthyroidism, this path¬ 
way is less functional because of chronic TSH suppression from 
autonomous thyroid hormone production. A significant 
increase occurs in mean serum total T 4 concentration after TRH 
administration in healthy and hyperthyroid cats and those with 
nonthyroida) illness .® 8 However, the percentage increase in total 
T 4 is considerably less in the hyperthyroid cats compared with 
healthy cats and those with other diseases. It has been suggested 
that a relative increase in total J 4 of less than 50% is consistent 
with mild hyperthyroidism, a value greater than 60% 
rive of euthyroidism, and values between 50% and 60% 
equivocal 68 Similar to the TSH response test, measurement of 
total 13 concentration is unhelpful because of the greater 
variability in response both within and between healthy and 
sick cats , 6668 Adverse reactions to TRH administration appear 
to he common, occurring within minutes of administration. 
Adverse reactions include vomiting, excessive salivation, 
tachypnea, and defecation, TRH possibly evokes these efFects 
indirectly, via activation of central cholinergic and 
eholaminergic mechanisms and directly, via central TRH-bind- 
ing sites. ] However, although these reactions are transient and 
usually resolve within hours, the diagnostic accuracy of the 
1 RH response test has recently been questioned. Results of the 
TRH response test are largely indistinguishable between sick 
euthyroid and hyperthyroid cats with concurrent nonthyroida] 
illness and total T 4 concentrations within or below the reference 
range, thereby limiting its diagnostic usefulness , 69 

Triiodothyronine-suppression test The T 3 suppression test 

relies on the ability of administered Iiothyronine, through neg¬ 
ative feedback, to decrease T 4 production by the thyroid gland. 


In hyperthyroidism, because excess circulating thyroid hormone 
concentrations have already suppressed TSH production and 
secretion, additional T 3 has minimal effect on T 4 production. 
Therefore serum total T 4 concentration remains significantly 
higher after Iiothyronine administration in hyperthyroid 
pared with euthyroid (both healthy and sick) cats, and the 
percentage decrease is consequently significantly lower. 70 ' 7 * 
Although individual laboratories vary, as a general guideline, 
postliothyronine serum total T 4 concentration tends to be 
greater than 20 nmoL/L in hyperthyroid cats and less than 
20 nmol/L in euthyroid cats (Figure 239-6). A greater overlap 
of results is seen in hyperthyroid and euthyroid cats when 
percentage change in total T 4 is calculated. However, suppres¬ 
sion of 50% or more is consistent with euthyroidism, whereas 
hyperthyroid cats rarely have values exceeding 35%. Although 
the Tj suppression test is a potential aid for confirming the 
diagnosis of hyperthyroidism, it has been suggested to be most 
useful in confirming euthyroidism and ruling out hyperthy¬ 
roidism . 70 Unlike the TRH response test, it is not associated 
with any adverse reactions. However, it is a relatively pro¬ 
longed test and highly dependent on good owner compliance 
reliably administering Iiothyronine tablets and adequate GI 
absorption (necessitating confirmation by pre- and postserum 
total T 3 measurement),VO If a dynamic thyroid function test 
is deemed necessary to investigate hyperthyroidism in a cat, 
the T 3 suppression test is preferred (given the problems of 
both the FSH and TRH response tests). 

Thyroid radionuclide uptake and imaging Hyperthyroid 
cats usually exhibit increased uptake of radioactive iodine 
(as 13 l i or ] 23 I) or technetium-99m as pertechnetate 
(w>mTc 0 4 ), 672 - 75 Percentage uptake of ^TcQ^ or increased 
lhyroid:salrvary ratio at 20 minutes are strongly correlated 
with circulating thyroid hormone concentrations . 7375 
Preliminary studies suggest that ^ m TcG 

sensitive means ol diagnosing hyperthyroidism than basal 
thyroid hormone analyses or TRH response test results, but 
further studies are required in this area , 76 77 Care should be 
taken in interpreting uptake results in cats recently treated 
with antithyroid drugs. -Radioisotope uptake is increased in 
healthy cats treated with methimazde with significant 
enhancement after drug withdrawal, and presumably the 
latter situation may exist in hyperthyroid cats . 78 

Determining percent uptake of radioisotopes is expensive 
and requires access to sophisticated equipment. However, qual¬ 
itative scintigraphic imaging remains a useful procedure to 
determine unilateral or bilateral lobe involvement, alterations 
the position of the thyroid lobes, the site of hyperfunctioning 
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Figure 239-6 Box plots of the serum total 
thyroxine (T 4 ) concentrations before (A) and after 
(B) administration of liothyronine to 4 4 clinically 
normal cats, 77 cats with hyperthyroidism, and 22 
cats with nonthyroidal disease. Data are plotted 
[he., Box plots ) as described in the legend of 
Figure 239-1 To convert serum T, concentrations 
from nmol/L to ng/dL, one should divide the 
given values by 12.87, (From Peterson ME et al: 
Triiodothyronine suppression test. An aid in the 
diagnosis of mild hyperthyroidism in cats. J Vet 

Intern Med 4:233, 1990.) 
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of poor compliance exists [by the owner, the cat, or both) in 
regularly administering and accepting the medication. This 
impinges on efficacy and cost because it necessitates more 
frequent monitoring. In addition the development oi adverse 
reactions may necessitate drug withdrawal; therefore not all 
cats initially managed medically can be maintained long-term 
w T ith this form of therapy. A further consideration is that 
relapse of hyperthyroidism invariably occurs within 24 to 
72 hours after drug withdrawal. 52 79 Although often consid¬ 
ered a disadvantage, it may prove beneficial in cats that 
develop overt renal failure upon induction of euthyroidism 
(see Effect of Treatment on Renal Function), 

Pharmacologic intervention is also necessary prior to surgi¬ 
cal thyroidectomy to decrease the metabolic and cardiac com¬ 
plications associated with thyroid hormone excess, In 
addition, it may be desirable to provide some control, at least 
clinically, while awaiting radioactive iodine administration. 

Thioureylene antithyroid drugs The thioureylene 
antithyroid drugs include propylthiouracil, methimazoie, 
and carbimazole. These drugs are actively concentrated by the 
thyroid gland and act as general inhibitors of thyroid peroxi¬ 
dase-catalyzed reactions including oxidation of iodide and 
iodination of tyrosyl residues in thyroglobulin, They also 
interfere with the coupling of iodotyrosines to iodothyronines 
via inhibition of thyroid peroxidase or by binding to and 
altering the structure of thyroglobulin, a reaction more sensi¬ 
tive to inhibition than the formation of iodotyrosines. The 
trapping of inorganic iodide by, or the release of preformed 
hormones from, the thyroid gland is not affected bv these 
drugs. 1 - 52 - 7879 

The thioureylene antithyroid drugs are the therapeutic 
mainstay in the medical management of both human and 
feline hyperthyroidism because of their consistent effect in 
lowering serum thyroid hormone concentrations. They are 
widely recommended to stabilize hyperthyroid cats prior to 
surgery' and are the only drugs that can be used chronically for 
management of hyperthyroidism. Propylthiouracil is the least 
potent but is widely available and has an additional advantage 
of inhibiting peripheral production. However, it is associ¬ 
ated with an unacceptably high incidence of serious hemato¬ 
logic complications in both healthy and hyperthyroid cats; 
therefore it is no longer recommended for use in this species. 

Methimazoie is available in the United States (Tapazole, 
Jones Medical Industries) and is specifically licensed for use in 
hyperthyroid cats in the United Kingdom (Felimazole, Arnolds 
Veterinary' Products Limited). Elsewhere, methimazoie or car¬ 
bimazole is variably available, Carbimazole is a carbethoxy 
derivative of methimazoie and was originally developed in the 


ectopic or accessory tissue, or distant metastases from a func¬ 
tioning thyroid carcinoma. 5 For such imaging y9m Tc0 4 is pre¬ 
ferred, It has a more rapid uptake and half-life; scanning can 
commence within minutes rather than hours, allowing for 
more rapid completion. In addition, higher doses can be used 
without delivering a high radiation dose, and the quality of the 
scans is consistently equal or superior to that when radioactive 
iodine is used, 5 


Treatment 

Spontaneous remission of hyperthyroidism does not occur, 
and prevention is not possible because the cause is unknown. 
Failure to institute therapy will result in insidious progression 
to emaciation, severe metabolic and cardiac dysfunction, and 
ultimately death. However, because of the benign nature of 
the thyroid lesions, the disease carries a favorable prognosis 
with effective therapy. Treatment of hyperthyroidism is aimed 
at removing or destroying abnormally functioning thyroid 
tissue, pharmacologic inhibition of thyroid hormone synthesis, 
and release or amelioration of the influence of excess thyroid 
hormones on peripheral tissue. Surgical thyroidectomy or thy¬ 
roid ablation using radioactive iodine are the only reasonable 
curative methods available. Medical management is noncura¬ 
tive;-because of this, it is not recommended alone in the rare 
cases of functioning thyroid carcinoma. 

Each treatment method has its own advantages and disad¬ 
vantages. No one therapy can be recommended above another 
tor all cats. The selection must be individualized for each cat, 
taking into account several factors including age, severity of 
thyrotoxicosis, presence of concurrent illnesses, facilities avail¬ 
able, potential complications, cost, and the owner's willingness 
to accept the form of treatment advised. 

Antithyroid Drugs and Other Medical Treatments 

Numerous pharmacologic agents may be used in the medical 
management of feline hyperthyroidism. Indications, dose reg¬ 
imens, potential adverse reactions, and contraindications are 

summarized in Table 239-3. Chronic medical management is 
a practical treatment option for hyperthyroidism that requires 
no special facilities, is readily available, easy to implement, and 
reasonably inexpensive. Almost all cats are potential candi¬ 
dates, because unless it is suspected of thyroid carcinoma, few 
specific contraindications exist, When thyroid hormone pro¬ 
duction or secretion is inhibited, generally a rapid return to 
euthyroidism occurs. Anesthesia is avoided, as are the peri- 
and postoperative complications associated with surgical thy¬ 
roidectomy. Unlike radioactive iodine therapy, hospitalization 
is unnecessary. On the other hand, few drugs are available for 
long-term control daily medication is necessary, and a real risk 
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Table 


Indications t Doses, Adverse Reactions, find C otitrafaultcatiotts ftt 

Hyper thyroid is m 


the Drugs Commonly Used to Manage 


or 


DRUG 


INDICATIONS 


DAILY DOSE 


ADVERSE REACTIONS 


CONTRAINDICATIONS 


Methimazole and 
carbimazole 


Prior to surgery 
(2-3 weeks) 


5-15 mg divided 
two or three 
times daily 


Vomiting, anorexia, 
depression; facial 
excoriations; 
hematologic 
complications; 

hepatopathy 


ff adverse reactions occur; 
at the time of radiotherapy 


Chronic management 


5-10 mg once or 
divided twice 
daily 

7.5-15 mg 
divided three 
times daily 


Propranolol 


Symptomatic control 


Bradycardia, 

my o co rd fa I d ep res s i o n; 

bronchospasm; 

diarrhea 


Asthma, uncontrolled heart 
failure: chronic management 


Atenolol 


6.25-12,5 mg 
once or twice 

daily 

7,5-15 mg 

divided three 
times daily, 
days 1-21 

63.75 mg divided 

three times daily, 

days 11-20 

100 mg divided 
twice daily 


Chronic management 


Propranolol with 
potassium iodate 


Prior to surgery 
(3 weeks) 


Anorexia, 

depression, 

vomiting 


Chronic management; 
immediately prior to 

t31 l therapy 


Calcium ipodate 


Prior to surgery 
(up to 14 weeks) 


None 


Chronic management 


hope of obtaining a drug with a longer duration of activity than 
methimazole lor human use. Although possessing inherent 
antithyroid activity, it exerts its antithyroid effect through 
immediate conversion to methimazole when administered 
orally, 90 Serum concentrations of methimazole achieved after 
carbimazole administration are less than after administration 
of an equal weight of methimazole, reflecting the molar ratio 
of the two drugs. This conversion results in a 5 mg dose of car¬ 
bimazole being approximately equivalent to 3 mg of methi¬ 
mazole and may account for the slight differences in dose 
regimes recommended for the two drugs. 52 79 However, given 
the reduction in severity of thyrotoxicosis in cats seen cur¬ 
rently, such differences have become less noticeable. 

Pharmacological studies in healthy cats have shown that 
methimazole has good oral bioavailability with a serum half-life 
of between 4 and 6 hours, 81 - 82 After multiple-dose adminis¬ 
tration of methimazole, some evidence of drug-induced accel¬ 
erated metabolism is seen; however, this has not been borne 
out by clinical studies.Most pharmacokinetic parameters of 
methimazole in cats are not significantly altered by hyperthy¬ 
roidism; although a trend toward faster elimination exists, this 
is not considered to be clinically important, 81 

Initially, methimazole should be administered orally at 
a dose of 10 to 15 mg/day, in divided doses every eight to 
12 hours, depending on the severity of the thyrotoxicosis. 79 
Carbimazole has been recommended at an initial oral dose of 
15 mg, divided three times daily.* 2 Attainment of biochemical 
euthyroidism is relatively rapid, occurring in a mean of approx¬ 
imately 6 days at least for carbimazole, 52 Not surprisingly the 


length of therapy is correlated with the basal serum total 
concentration. As cats are diagnosed with hyperthyroidism ear¬ 
lier, the trend toward using only twice-daily administration oi 

low doses (2.5 to 5 mg) of carbimazole or methimazole 
increases, 83 Once-daily dosing, however, appears less effective 
inducing euthyroidism. 1 ^ For practical purposes, the initial 
dose is prescribed for a period of 2 to 3 weeks, which allows 
time for more obvious clinical improvement and ensures the 
attainment of euthyroidism in over 90% of cats. 52 - 79 At that 
time, a circulating total T„ concentration is measured and, if 
within or below T the reference range, surgery' can be performed 
(administering the last dose on the morning of surgery)- For 
severely affected cats, although biochemical euthyroidism is 
rapidly achieved, a longer course of preoperative therapy may 
be beneficial before the patient is considered a reasonable 
gical candidate. In such cases, the dose is adjusted as in cats in 
which medical management has been selected as the sole ther¬ 
apy. If euthyroidism is not achieved within this initial period, 
the duration of therapy is increased or the dose altered in 2,5 to 
5 mg increments. Rarely doses as high as 25 to 30 mg of methi¬ 
mazole are required to restore euthyroidismTVS tack of owner 
or cat compliance should be excluded as a possible reason for 
failure of therapy. Documenting a decline in the activities of the 
liver enzymes provides an inexpensive but nonspecific alterna¬ 
tive to monitoring serum total concentration when 
therapeutic efficacy. 52 

For long-term therapy, once euthyroidism has been achieved, 
the daily dose is adjusted in 2,5 to 5 mg decrements, aiming for 
the lowest possible dose that effectively maintains euthyroidism. 


in 
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immune-media ted hemolytic anemia (usually occurring within 
the first 3 months of therapy)T 7 - J These are apparently not 
dose related. While rarely reported for carbimazole, these wor¬ 
risome problems can and do occur anecdotally. To predict such 
reactions, complete blood count (CBC) and platelet count is 
recommended every 2 weeks at least initially 179 However, this 
is not cost-effective because of their low frequency and unpre¬ 
dictable occurrence. Therefore testing, if and when clinical 
signs develop, is more appropriate. There may however, be 
some merit in checking cats prior to surgery, particularly 
because thrombocytopenia is a potential risk 1 Hepatic toxicity, 
exemplified by marked increases in the liver enzymes and biliru¬ 
bin concentration, has also been described in less than 2% of cats 
treated with methimazole. 70 Cessation of therapy is required if 
either serious hematologic or hepatic reactions develop. 

Serum antinuclear antibodies develop in approximately 50% 
of cats treated with methimazole for longer than 6 months, 
usually in cats on high-dose therapy (> 15 mg/day). 
Although clinical signs of a lupuslike syndrome have not been 
reported, decreasing the daily dose is usually recommended. 
Such studies have not yet been carried out for carbimazole. 
A bleeding tendency without associated thrombocytopenia 
has been suggested to occur in cats treated with methima- 
zoleT 5 However, methim azole therapy had no effect on pro¬ 
thrombin time (PT) or activated partial thromboplastin time 
(APTT) after over 12 weeks of therapy, and it had no effect 
on thrombin clotting time or buccal mucosal bleeding time 
after 3 to 4 vceeks of therapy in hyperthyroid eats. SSE6 
However, a prolonged proteins induced by Vitamin K antago¬ 
nism or absence (PIVKA) clotting time, together with melena, 
was reported in one cat, and this test is considered a more 
sensitive indicator of potential or actual bleeding tendencies 
than either PT or AFTT. 86 Acquired myasthenia gravis (MG) 
and a cold agglutinin-like disease have been described in a few 
cats treated with methim azole. 3 

Editor’s Note: There are numerous protocols for medical man¬ 
agement of hyperthyroidism in cats. Our current recommendation 

is to administer 2,5 mg of methimazole orally once daily (or 2.0 
mg of topical methimazole once daily) for 2 weeks\ After this 2 

week period r ij the owners note any improvement or deterioration 
in their cats’ condition , a serum total T 4 (unth or without a CBC, 
serum biochemistry profile and urinalysis) should he obtained 4 to 
6 hours after methimazole administration. If the value is within 
reference limits ; that dose should he continued indefinitely : // nei¬ 
ther improvement nor deterioration is appreciated or if the serum 
total T 4 concentration remains abnormally increased t the medica¬ 
tion should be given BID for an additional 2 weeks, The cat should 
then be rechecked and the dose increased in 2 mg (topically) or 
2.5 (orally) increments every 2 weeks, as needed, If administered 
topically, owners should be instructed to thoroughly rub the medi¬ 
cation in re the skin and then remove all excess vehicle within 
30 minutes of each dose . If any abnormalities are detected that 
could be the result of methimazole, its' use should be discontinued 
until it can be demonstrated that continued use of the drug is war¬ 
ranted. It is further recommended that topical methimazole be 

compounded so that each dose is 0 . 05 - 0.10 cc this limits the prob- 
letn of excess vehicle building upon the ears. 

Other medical treatments The thioureylene antithyroid 
drugs are preferred for the treatment of hyperthyroidism, but 
there may be occasions when alternatives are required either 
because of the development of adverse reactions or other spe¬ 
cific contraindications. However, chronic management is only 
achieved with methimazole or carbimazole. Beta-adrenergic 
blockers, stable iodine, and calcium ipodate only provide 
short-term control, and a more permanent treatment option is 
su bseq u ent] y requ i red. 

Propranolol (Inderal, Wyeth-Ay erst) and atenolol (Tenormin, 
I Cl Pharma) are the most frequently used beta-blockers m 


Further dose adjustments are based on circulating total T 4 
concentrations assessed every 2 to 3 weeks until stable and 
every 3 to 6 months thereafter or as indicated clinically. Most 
cats require 10 mg methimazole per day, whereas a few 
require doses as high as 15 to 20 mg/day or as low as 2.5 to 
5 mg/day 79 Although divided doses are most successful in 
treating hyperthyroid cats (and despite the relatively short 
serum half-life), the intrathyroidal residence time may he 
approximately 20 hours as it is in humans. When owner com¬ 
pliance is problematic, once-daily dosing may prove effective 
chronically, although this has not been fully evaluated. Further 
increasing the time between dosing results in recurrent hyper- 
thyroidismT 2 -^ Carbimazole appears to be most effective if 
chronically administered at a dose of 5 mg twice daily 

In many cats, such antithyroid therapy results in serum 
total T, concentrations below the reference range. However, 
clinical signs of hypothyroidism do not develop, and surgical 
risks are not increased. Corresponding serum total T 3 concen¬ 
trations tend to remain within the reference range, and euthy- 
roidism is maintained because T 3 is more metabolically active 
than T 4 , 52 This may result from increased extra thyroidal T 4 to 
T ? conversion or increased thyroidal secretion of T 3 because of 
intrathyroida] iodine deficiency or increased T5H production. 
In addition, serum free T 4 concentration, representing the 
active portion of T 4 , appears to remain relatively higher than 
total T 4 concentration during methimazole therapy/ 5 As a 
result, the aim is to suppress total T, into the lower half of the 
reference range; however, if severely depressed, the dose 
should be adjusted and the cat retested because at least some 
adverse reactions appear to be dose related, 79 

Methimazole and carbimazole have no effect on the 
underlying pathologic lesion in hyperthyroid cats. Thus over 
months to years of treatment, the thyroid nodule or nodules 
can continue to grow and enlarge. As a result it is common for 
the daily dose of antithyroid drugs to progressively increase. 
Some cats may no longer adequately respond to methimazole 
or carbimazole, and an alternative form of therapy is necessary. 1 

Although antithyroid dugs are routinely administered 
orally, compliance can be problematic in fractious or inap- 
petant cats; absorption is potentially adversely affected by 
concurrent intestinal disease, and obvious difficulties exist in 
cats that vomit. Preliminary studies have shown that methi¬ 
mazole in a pluronic lecithin organogel (PLO) is effective in 
hyperthyroid cats when applied transdermally. How r ever, 
subsequent studies of healthy cats have demonstrated poor 
bioavail ability by this route, and further studies are required 
before widespread recommendation. 

Most clinical adverse reactions associated with methima¬ 
zole or carbimazole occur within the first 3 months of ther¬ 
apy. They include vomiting, with or without anorexia and 
depression, usually within the first 4 weeks of therapy (occur¬ 
ring in 10% to 15% of cases), 527 ' 1 These effects are more 
common with methimazole and may he related to its unpleas¬ 
ant bitter taste (compared with carbimazole, w r hich is taste¬ 
less). However, these signs are usually transient and rarely 
require withdrawal of the drug. Self-induced excoriations of 
the head and neck have been seen in a small number of cats 
treated with methimazole or carbimazole within the first 
3 months of therapy. 65 - 79 Drug withdrawal is usually required 
together with glucocorticoid therapy, and an alternative 
treatment for the hyperthyroidism is necessitated. 

Early in the course of therapy, mild hematologic complica¬ 
tions of eosinophilia, lymphocytosis, and leukopenia (with a 
normal differential count but without apparent clinical effect) 
occur in up to 16% of cases treated w r ith methimazole and 
only 5%i of cases treated with carbimazole. 52 * 79 More serious 
hematologic complications occur in less than 5% of cats 
treated with methimazole and include agranulocytosis and 
thrombocytopenia, either alone or concurrently, or more rarely, 
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byperthyroid cats. They are usually used to symptomatically 
control the tachycardia, polypnea, hypertension, and hyperex¬ 
citability associated with hyperthyroidism and to prevent the 
arrhythmias that may occur when anesthetizing affected cats. 1 

Traditionally these drugs were considered to have no direct 
e ffect 


often considered the preferred treatment option in practice. 
However, to decrease the cardiac and metabolic complications 
associated with anesthetizing hyperthyroid cats, prior medical 
management and control of the thyrotoxicosis is required. 
Once euthyroidism has been achieved, the main surgical con¬ 
siderations are whether to perform a unilateral or bilateral 
thyroidectomy, the type of technique to use, and the potential 
postoperative complications. 

It is estimated that both thyroid lobes are affected in over 
70% of hyperthyroid cats, thereby necessitating a bilateral 
thyroidectomy. In many of these cats, both thyroid lobes are 
palpably enlarged, grossly abnormal (or both) on visual exam¬ 
ination. However, as many as 15% of cats with bilateral dis¬ 
ease have one thyroid lobe that appears grossly normal and if 
left in situ results in recurrent hyperthyroidism usually within 
12 months, 90 Thyroid imaging is obviously useful in depicting 
thyroid lobe involvement, but access to nuclear imaging facil- 

required. 5 High resolution ultrasonography, capable of 
assessing thyroid lobe size and parenchymal appearance, is 
useful in characterizing thyroid tissue when scintigraphy is 
not available, 91 In the absence of imaging techniques and 
surgical experience increases, many practitioners routinely 
perform bilateral thyroidectomies regardless of the gross appear¬ 
ance of thyroid lobes.If not routinely attempted, both thy¬ 
roid lobes must be carefully examined at the time of surgery. 

Thyroidectomy can be performed by extraeapsular 
intracapsul ar techniques. With extraeapsular thyroidectomy, 
the intact thyroid lobe and capsule is removed after ligation of 
the cranial thyroid artery while attempting to maintain blood 
supply to the cranial parathyroid gland.This technique is asso¬ 
ciated with an unacceptably high prevalence of postoperative 
hypoparathyroidism and is no longer recommended. 92 With 
intracapsular thyroidectomy, the thyroid capsule is incised, 
the thyroid lobe removed, and the capsule left in situ , pre¬ 
serving the blood supply to the cranial parathyroid glands. 
However, this technique is associated w ith an unacceptably 
high risk of recurrence. 90 - 93 Both techniques have by 
been modified to minimize the risk of postoperative 

hypoparathyroidism and recurrent hyperthyroidism, 92 94 The 

modified extraeapsular technique uses bipolar cautery rather 
than ligatures, minimizing blunt dissection around the cranial 
parathyroid gland, w r hereas the modified intracapsular tech¬ 
nique involves removal of the majority of the capsule after 
dissection. No significant difference js seen in the rate of post¬ 
operative hypocalcaemia or recurrence between these two 
methods, and both are considered equally appropriate for 
bilateral thyroidectomy in cats. 93 In unilateral cases, the 

choice of technique is not as important providing recurrence 
is avoided, because only one 
maintain eucalcemia. 


the thyroid gland or thyroid hormones; however, 
propranolol, at least, may inhibit peripheral conversion of T 4 
to T 3 in cats as in humans. 87 They are usually used in combi¬ 
nation with antithyroid drugs wdien rapid control of the clin¬ 
ical effects is required or with stable iodine to 
effective 


on 


ensure a more 

response 187 Because they do not affect uptake of 

radioactive iodine, they may be useful while awaiting such 

therapy or in cats that have a delayed return to euthyroidism 
after treatment, 1 


Propranolol is 


nonselective beta-adrenergic receptor¬ 
blocking agent and is therefore contraindicated in cats with 
asthma or pre-existing uncontrolled overt CHF. Atenolol, 
selective betal adrenoceptor-blocking agent is more useful i 
some of these situations and has the added advantage of a 
potential one e-daily dosing regime. Propranolol is adminis¬ 
tered initially at a dose of 2.5 to 5 mg every 8 to 12 hours and 
subsequently titrated based on clinical effects and reduction 
in heart rate. Hyperthyroidism affects the pharmacokinetic 
profile of propranolol, and as such, low doses 

mended initially, 88 Atenolol is administered at a dose of 6.25 
mg/cat either once or twice daily. 

Large doses of stable iodine acutely decrease the rate of 
thyroid hormone synthesis [WolfF-Chaikoff effect) and thyroid 
hormone release. The mechanisms are unclear but are pre¬ 
sumed to be protective. Its effects on reducing the vascularity 
and friability of thyroid tissue are controversial. Use of stable 
iodine has never gained widespread popularity because of its 
inconsistent, short-lived, and erratic effect in inducing euthy¬ 
roidism and the potential for escape from inhibition and exac¬ 
erbation of thyrotoxicosis. In addition, it is contraindicated 
prior to radioactive iodine administration and is associated 
with a high incidence of adverse reactions (salivation and par¬ 
tial to complete anorexia), purportedly because of its unpleas¬ 
ant brassy taste, 1 ' However, a recent report has suggested 
using potassium iodate tablets together with propranolol in a 
staged regime for 20 days before surgery. 87 Propranolol is 
administered at a dose of 2.5 mg three times daily for 20 days 
before surgery, titrated to effect, and potassium iodate is 
administered at a dose of 21.25 mg three times daily from the 
tenth to the twentieth day. Using such a regime, serum total 
Tj concentration decreases in most cats, and serum total T 4 
concentration falls to w h ithin reference range in approximately 
one third of cats. Adverse reactions of potassium iodate are 
minimized by placing the tablets in a gelatin capsule prior to 
administration and using a relatively low dose for as short a 
period as possible. However, despite this, adverse 

may still occur, albeit less frequently, suggesting a systemic 
rather than a local effect. 87 

Calcium ipodate, an 
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parathyroid gland is necessary to 


reactions 


Hypoparathyroidism resulting in hypocalcemia is the 
significant potential postoperative complication. It has been 
suggested that the osteopenic effects of hyperthyroidism, 
rapidly reversed after surgical thyroidectomy, may exacerbate 
hypoparathyroidism in cats as in humans. However, the 
hyperparathyroidism and tendency toward ionized hypocal¬ 
cemia reported in byperthyroid cats suggests that such a 
phenomenon does not occur in this species, 5 - While this in 
itsell may play some role in postoperative hypocalcemia, 
hypoparathyroidism generally arises only if the parathyroid 
glands are injured, devascu lari zed, or inadvertently removed 
during the course of afrilateral thyroidectomy. Revascularization 
of parathyroid tissue can occur even after removal and subse¬ 
quent implantation to a nearby muscle belly. 95 Staged thy¬ 
roidectomies (3 to 4 weeks apart) exploit this premise. 90 A 
more radical staged simplified complete thyroparathyroidee- 
tomv with parathyroid autotransplantation has been 
described in 10 cats with no postoperative hypocalcemia, 
wduch may be of particular benefit as a learning tool or if 


most 


oral cholecystographic contrast agent, 
is the only other drug that has been assessed in hyperthyroid 
cats. Its major effect is to acutely inhibit peripheral T 4 to T^ 
conversion, in one study of 12 byperthyroid cats treated 
with calcium ipodate at a dose of 100 mg divided twice 
daily, eight exhibited a good response as indicated by a 
reduction in serum total T 3 concentration to within the 
reference range within 2 weeks and an obvious improvement 
in clinical signs, 811 However, although associated with 
adverse reactions, serum total T 4 concentration was unaf¬ 
fected, and cats were not evaluated for longer than 1 4 weeks. 

This drug is now of limited availability and further studies 
are unlikely. 


no 


Surgical Thyroidectomy Surgical thyroidectomy is a rela¬ 
tively simple, quick, and curative procedure and is therefore 
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surgical experience is limited by 

cases. 96 However, a risk of simultaneous transplantation of 
diseased thyroid tissue exists, and increased costs and risk 
associated with two general anesthetic procedures. 

Mild hypocalcaemia develops in most cats after bilateral 

thyroidectomy but treatment is not necessary until clinical 
signs develop. 

Hypoparathyroidism is rarely permanent, and recovery of 
parathyroid function may occur days to months after surgery, 
In such cases the parathyroid damage is presumed reversible 
Alternatively, accessory parathyroid tissue is activated 
likely calcium homeostasis is maintained through a PTH- 
independent mechanism/ 17 Other potential postoperative 
complications include Horner's syndrome, laryngeal paralysis, 
and voice change, but these are rare. 

Circulating thyroid hormone concentrations usually fall 
below the reference range for weeks to months after thy¬ 
roidectomy T a supplementation is often recommended, 
ticularly after bilateral thyroidectomy 3 However, it is not 
strictly necessary because clinical hypothyroidism is a rare 
sequelae. Presumably eventual normalization of thyroid hor¬ 
mone production occurs, either because of activation of the 
contralateral lobe in unilateral cases or 


sm all thro ugh pu 1 of 


seventy of the clinical thyrotoxicosis all potentially adversely 
affect the e% r entual response. The dose administered can be 
determined based on a scoring system that takes these factors 
into consideration, 10 ICJL ^ When such a scoring system is used, 
doses range from 39 to 222 MRq, allowing titration to each 
individual cal and avoiding unnecessary under¬ 
went. It is an extremely simple method that does not require 
access to sophisticated nuclear medicine equipment. Success 
is comparable to dose estimation by tracer kinetic studies. 

Traditionally m I is administered intravenously. 

Oral administration has been attempted, but higher doses 
generally required, the risks ol radiation spillage are greater, 
and vomiting may occur, 1C3UrM 1 in Subcutaneous admini¬ 
stration is equally effective, is simpler to administer, is safer 
to personnel, is less stressful to cats, and is currently pre¬ 
ferred. hw.hw.) 11 Whatever method of dose calculation or route 
of administration, attainment ot euthyroidism is expected in 
over 90% of cats with a single dose (Figure 239-7), A small 
percentage of cats remain persistently hyperthyroid, but 
euthyroidism is eventually attained in some of these animals 
weeks to months later without further treatment. IOfi ■ 109 Both 
hypothyroidism and recurrent hyperthyroidism 
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can develop 

but appear to be rare, and other side effects are minimal. 312 

Several studies have estimated survival time in cats after 
treatment with hyperthyroidism. In one study of 66 cats 
followed for a mean of 13 months, 44 (67%) cats w-ere alive 
and euthyroid 1 to 33 months after treatment. The remaining 
cats had died of unrelated causes, including renal failure. 107 
In a larger study of 524 cats, median survival time (MST) 


accessory thyroid 
tissue in bilateral cases. Recurrence of hyperthyroidism is 

always a possibility after thyroidectomy, and cats should be 
monitored every 6 to 12 months thereafter. If a unilateral 
thyroidectomy was originally performed, development of 
lesions in the contralateral gland should pose no additional 
surgical risk providing parathyroid function is maintained. 
However, in cases of recurrent hyperthyroidism after bilateral 
thyroidectomy, postoperative morbidity and mortalitv is 
significantly increased and an alternative form of treatment 
for the hyperthyroidism is indicated, 93 
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Radioactive Iodine Administration of radioactive iodine 
13 ] J is considered to be the safest, simplest, and most effective 
therapy for feline hyperthyroidism, 03 1, like stable iodine, is 
actively concentrated by the thyroid gland, has a half-life of 
S days, and emits both fi-particles and y-radiation. The 
P-partides, cause over 80% of damage, but are locally destruc¬ 
tive, traveling a maximum of 2 mm with an average path 
length of 400 pm. Therefore no significant damage occurs to 
adjacent parathyroid tissue, atrophic thyroid tissue, or other 
cervical structures. The aim of therapy is to restore euthy¬ 
roidism with the smallest possible single dose of radiation, 
while avoiding the development of hypothyroidism or the 
persistence of hyperthyroidism. 

Since its first use, controversy has surrounded the best 
method to calculate the optimum dose for individual cats. Tracer 
kinetic studies have been used that allow calculation of percent¬ 
age iodine uptake, effective half-life, and estimation of thyroid 
gland weight—all factors known to influence the therapeutic 
dose, 9R 99 The predictive value of tracer studies in estimating a 
therapeutic dose has been shown to be significantly closer to the 
therapeutic goal than the hypothetical administration of a fixed 
low dose (111 MBq]. nKJ However, this method requires 
sophisticated computerized nuclear medicine equipment, is 
time-consuming, expensive and can involve repeated sedation of 
the patient. It is therefore rarely used. 

Another method is to use a relatively high fixed dose of 
between 148 and 250 MBq in all cats regardless of the size of 
the goiter or severity of the thyrotoxicosis. 10l-l0S Although this 
method is successful and simple, it potentially results in the 
under- or overtreatment of a significant proportion of cats. 
Extremely high fixed doses {> 1000 MBq) are retained for cats 
after surgical removal of a thyroid 

In most studies examining radioactive iodine therapy, it is 
recognized that markedly elevated pretreatment 
thyroid hormone concentration, the size of goiter, and the 
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Figure 239-7 Box plots of serum total thyroxine (T 4 ) 

trations in 524 cats before and at various times after administra¬ 
tion of radioiodine for treatment of hyperthyroidism, Data 
plotted {i.e,, box plots) as described in the legend of Figure 239- 3 
The shaded area indicates the reference range for serum T* 
concentration, To convert serum T 4 concentrations from nmol/h 
to ng/dL, divide the given values by 12.87, (From Peterson ME 
et al: Radioioidine treatment of 524 cats with hyperthyroidism. 

J Am Vet Med Assoc 207:1422, 1995.) 
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24 months (range 2 weeks to 7 years). 109 The percentage of 
cats alive at 1,2, 3, and 4 years after treatment was 89%, 72%, 
52%, and 34% r respectively. The most common causes of 
death in treated hyperthyroid cats are 
disease. 109 113 

The effect of prior medical management on eventual out¬ 
come of radioactive iodine therapy is controversial. Obviously 
prior administration of stable iodine is contraindicated 
because of its inhibitory effect on the thyroid gland. Beta- 
blockers are often recommended because they have no effect 
on the thyroid gland perse However, prior methimazole (and 
therefore carbimazole) therapy has been suggested to 
enhance, worsen, or have no effect on radioiodine treatment 
outcomeTMtano.nz Methimazole does not inhibit thyroidal 
iodine uptake, but current administration adversely affects 
effective half-life of radioactive iodine and is not recom¬ 
mended. 1 ^ 1 However, iodine uptake is enhanced in healthy 
cats after recent methimazole withdrawal and this short-term 
rebound effect is potentially beneficial when treating with 
radioactive iodine '• A more recent study has shown that dis¬ 
continuing methimazole for less than or greater than 
5 days prior to radioactive iodine therapy has no effect on 
treatment outcome. 105 

The main drawback to widespread 
iodine is the requirement for special licensing and the isola¬ 
tion of the cat for variable periods after treatment. This 
range from several days to several weeks, depending on the 
dose used and stale or local radiation regulations. 1 Cats appear 
to tolerate these periods of hospitalization well. 

Other Therapies lntrathyroidal infusion of ethanol 
tissue necrosis and eventual induction of euthyroidism* 
Single injections in unilateral cases, preferably using ultra¬ 
sound guidance, are efficacious 
hyperthyroid cats. 

less successful in treating hyperthyroidism. 115 However, 
percutaneous ethanol injection is associated with a high 
incidence ol adverse reactions such as transient dysphonia, 
Horners syndrome, gagging, and laryngeal paralysis and 
cannot therefore be recommended for treatment of hyp 
thyroid cats. 

Gene therapy could potentially he used to deliver cytotox¬ 
icity specifically to abnormally functioning thyroid cells. The 
feline thyroglobulin promoter has been characterized and its 
cell type specific activity demonstrated, paving the way for 
transcriptional targeting of gene therapy. However, a great 

deal of work is required before any such technology reaches 
veterinary practice. 

Effect of Treatment on Renal Function Despite the poten¬ 
tial adverse effect of hyperthyroidism on renal function, its 
presence can increase glomerular filtration rate (GFR), 
decrease serum creatinine concentration, and mask underlying 
renal disease, 34 - 55167 Decreased GFR, increased serum urea and 
creatinine concentration, and development of overt clinical 
signs ol renal disease have all been reported after successful 
treatment of hyperthyroidism, regardless of therapeutic 
modality utilized (methimazole, surgical thyroidectomy 
radioiodine), 34 11 ^ 20 Assessment of GFR before treatment 
can act as a predictor of post-treatment renal failure with a 
low GFR in hyperthyroidism, indicating an increased risk for 
ad verse clinical outcome. 1 |q However, techniques for assess¬ 
ment of GFR are impractical because they typically involve 
use of radioisotopes. Estimation of GFR is also possible using 
a plasma tohexol clearance test that requires no special licens¬ 
ing but is technically demanding. 120 In the absence of such 
estimations, accurate prediction of impending renal failure is 
difficult. However, serum urea and creatinine concentrations 
and USG should be carefully evaluated prior to treatment 


of hyperthyroidism* If both serum parameters are normal and 
the urine is concentrated, the risk of developing renal failure 
after therapy is minimized. Serum creatinine should be evalu¬ 
ated in light ol tbe animal's muscle mass with lower values 
expected in emaciated cats, 34 If the serum creatinine and 
concentrations are higher than expected and the 
thenuric, a risk of developing renal failure exists. In such 
trial therapy using either methimazole or carbimazole should 
be attempted and renal function reassessed once euthyroidism 
is achieved. Initially low and then increasing doses of methi¬ 
mazole have been suggested in suspect cases, but limited 
scientific evidence exists to support this. 34 If no deterioration 
occurs after treatment of the hyperthyroidism, then 
permanent therapeutic option may be selected. If renal func¬ 
tion declines, therapy should be instituted for renal failure and 
the dose of antithyroid medication adjusted to 
renal function while attempting to control clinical signs. 
Maintenance of a mildly hyperthyroid state may be beneficial 
in some individuals. Avoidance of hypothyroidism is impor¬ 
tant because it may have its own detrimental effects 

on GFR. 34 
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THYROID NEOPLASIA AND HYPERTHYROIDISM 
IN DOGS 


can 


Thyroid tumors account for 1.2% to 3.75% of all tumors and 
approximately 10% to 15% of all head and neck neoplasms in 
the dog. In pathologic studies, benign adenomas account for 
approximately 30% to 50% of all thyroid tumors, but these 
usually small focal lesions uncommonly detected during 
life. 6 21 122 On the other hand, carcinomas, responsible for only 
50 to 70% of all thyroid tumors diagnosed postmortem, 
account for up to 90% of those tumors detected antemortem. 
All thyroid masses detected during life should, therefore, be 
presumed malignant until proven otherwise. Carcinomas 
usually larger than adenomas, coarsely multinodular, 

bile, and often have necrotic or hemorrhagic centers or, occa¬ 
sionally, focal areas 

Unilateral involvement is more than twice 
bilateral involvement; when the latter occurs, the neoplastic 
process is usually extensive. It is therefore difficult to deter¬ 
mine if the tumor arose in both thyroid lobes or if metastases 
occurred from one lobe to the other. Occasionally, ectopic 
thyroid tissue (arising from thyroglossal duct remnants) 
located anywhere from the base of the tongue to the base of 
the heart becomes neoplastic, and thyroid tumors must there¬ 
fore be included in a range of differential diagnoses for oral, 
cervical, and thoracic masses. 

Thyroid carcinomas are poorly encapsulated and 
monly extend into or around the trachea, cervical muscles, 
esophagus, larynx, nerves, and blood vessels, although invasion 
into the esophageal or tracheal lumen is unusual. Metastatic 
spread to the retropharyngeal and cervical lymph nodes is 
common. However, early invasion into the cranial and caudal 
thyroid veins with the formation of tumor cell thrombi leads 
to multiple pulmonary metastases, often before involvement 
of regional lymph nodes. Other reported, hut rare, sites of 
metastatic lesions include kidney, adrenal gland, liver, spleen, 
spinal cord, and bone. 

Histopathologically, thyroid carcinomas are usually well 
differentiated and classified as follicular, compact (solid), 
mixed, or papillary. The majority of tumors in the dog are 
mixed, follicular, or less commonly, compact. The correlation 
between this histopathologic classification and ultimate prog¬ 
nosis is unclear. Undifferentiated (anaplastic) thyroid tumors 
appear to be highly malignant but are rare. Medullary 
(parafollicular, C-celi) carcinoma may have a more favorable 
prognosis, because distant metastatic spread is uncommon 
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and they appear to be well encapsulated and easily resectable 
at the time of surgical thyroidectomy. However, specific 
immunocytochemical stains are required for diagnosis. 

1 he probability of metastases clearly increases in proportion 
to the size of the tumor. Dogs with small thyroid tumors 
[< 20 cm 1 ) have a less than 20% incidence of metastatic dis¬ 
ease, w'hereas nearly all dogs with large tumors (> 100 cm 3 ) 
have metastases. 

Clinical Features 

Thyroid tumors occur in middle-aged and older dogs, with an 
average age at onset of 10 years. Almost all dogs are greater 
than 4 years old at the time of diagnosis. No sex predilection 
exists, unlike the situation in humans in which females 
more than twice as likely to develop thyroid cancer as males 
at most ages. Beagles and golden retrievers appear predisposed 
to the development of thyroid carcinomas and boxers to the 
development of both adenomas and carcinomas. 

Thyroid tumors are occasionally coincidentally found 
freely mobile masses when grooming, petting, or during a gen¬ 
eral health check* However, most dogs have a visible mass in 
the neck or have its associated consequences (coughing, gag¬ 
ging, dysphonia, dysphagia, retching, regurgitation, and vom¬ 
iting), The duration of these signs varies from weeks to 
months. The mass is usually felt in the region of the thyroid 
gland, below the larynx, but occasionally, larger tumors may 
descend toward the thoracic inlet. Clinical signs referable to 
regional (enlarged lymph nodes or cording of local lymphatic 
and blood vessels) or distant (dyspnea from pulmonary metas- 
Uses) metastatic spread may be apparent. A few dogs may 
have the additional clinical signs of hypothyroidism or hyper¬ 
thyroidism. Dogs with hyperthyroidism exhibit similar clinical 

signs to those in cats (weight loss, polyphagia, polyuria/ 
polydipsia [FU/RD], restlessness, tachycardia) hut tend to be 
less symptomatic. 

In general, canine thyroid tumors are nonfunctional, and 

euthvroidism is maintained throughout the course of the 
disease. It has been suggested that up to 30% of dogs with 
detectable thyroid tumors are hypothyroid. 124 Hypothyroidism 
may arise because of destruction of all normal thyroid tissue 
by aggressive bilateral carcinomas. Alternatively, large tumors 
could potentially produce excessive inactive thyroid hor¬ 
mones capable of pituitary TSH suppression and eventual 
atrophy ol normal thyroid tissue, although this has not yet 

been substantiated* A diagnosis of hypothyroidism must be 
approached with caution because of the suppressive effect ol 
nonspecific illness on circulating thyroid hormone concentra¬ 
tions. Hyperthyroidism occurs in approximately 10% to 20% 
of thyroid carcinomas but is unusual in the rare cases of 
detectable adenomas. 

In humans, thyroid tumors form part of the multiple 
endocrine neoplasia (MEN) syndromes in which neoplasia or 
hyperplasia develops in several different endocrine organs 
simultaneously- MEN syndromes are classified as type 1 
type 2, the latter further divided into type 2A and 2B. The 
MEN syndromes tend to involve one or more specific 
polypeptide- and biogenic amine-producing cell types, exhibit 
a histologic progression from hyperplasia to adenoma and (in 
some cases) to carcinoma, and each has an autosomal domi¬ 
nant pattern of inheritance, MEN type 1 syndrome involves 
parathyroid, pancreatic islet, and pituitary hyperplasia or neo¬ 
plasia. MEN type 2A is associated with the development of 
bilateral pheochromocytomas, medullary thyroid carcinomas 
and, less commonly, parathyroid hyperplasia or adenoma. The 
association of medullary thyroid carcinoma and pheochromo- 
cyloma with multiple mucosal neuromas is termed MEN 
type 2B. Some patients do experience unusual manifestations 
of these syndromes, but these are less well characterized 

Although rare, it has been suggested that MEN syndromes 


exist in dogs, 1 - 4 and a careful clinical evaluation should be 
carried out in ai!i dogs with thyroid carcinoma 

Diagnosis 

1 be differential diagnoses for large cervical swellings include 
abscess, granuloma, thyroid tumor, other tumors, and salivary 
mucocele. Fine needle (2 [ to 23 gauge) aspiration is helpful in 
distinguishing many of these. Unfortunately, because of the 
vascular nature of thyroid tissue, samples are frequently heav¬ 
ily contaminated with blood and exfoliation of neoplastic cells 
can be poor. 1 ^ Evaluation of wide bore needle biopsies, 
although of greater diagnostic yield, significantly increases the 
risk of hemorrhage and should only be carried out under 
ultrasound guidance. Even with such biopsies there may still 
he difficulty in distinguishing benign from malignant tumors, 
and the latter is often only confirmed by demonstration of 
vascular or capsular invasion in biopsies taken at the time of 
surgical thyroidectomy. 

Results of postmortem studies show that up to 80% of 
dogs have evidence of distant metastatic spread, although this 
decreases to just over 60% in clinical cases. 126 Thus it is imper¬ 
ative that once a mass is identified as thyroid, a systematic 
search for metastatic spread should follow. Routine screening 
laboratory tests may he helpful in identifying secondary organ 
involvement or concurrent problems that may ultimately 
affect the prognosis. Local lymph nodes should be carefully 
examined and biopsied as necessary; Radiography of the 
cal area may help to assess the size of the mass and the extent 
of local invasion. Thoracic radiography should always be eval¬ 
uated for evidence of pulmonary' spread even in the absence of 
clinical signs. Abdominal radiography and ultrasonography 
may be useful in cases where hepatic metastasis is suspected. 

As in cats, thyroid scintigraphy using radioactive iodine or 
technetium may be useful because most thyroid tumors and 
their metastases retain the ability' to trap iodine* Such scans do 
not provide any information with regard to thyroid function 
but are helpful in depicting location of the tumor and regional 
metastases, 1 - 7 Some thyroid tumors fail to adequately con¬ 
centrate radioisotopes, and it has been suggested that these are 
less likely to respond to radioactive iodine administration. 124 
Compared with thoracic radiography, thoracic scintigraphy to 
depict pulmonary' metastases is not considered useful. 

Measurement of serum total T 4 concentration is necessary' in 
dogs with appropriate clinical signs of thyrotoxicosis. Elevations 
are generally moderate, compared with the marked elevations 
often seen in hyperthyroid cats. Measurement of circulating 
endogenous ’SH concentration is not useful due to the poor 
sensitivity' of currently available assays and their inability to 
detect suppressed values. However, freeT 4 in combination with 
cTSH measurements will provide the most useful information 
to support hypothyroidism if clinical signs are suggestive. 

Treatment 

Currently, several possible treatment options exist for thyroid 
carcinoma Clinicians find that the selection of any one option 
is complicated by poorly defined prognostic indicators, incon¬ 
sistencies in case selection and reporting criteria amongst the 
different studies, and the variety' and number of treatments 
attempted in individual patients. However, it is clear that the 
prognosis is excellent for mobile, nonfixed tumors; that local 
control may halt metastatic spread; and that metastatic spread 
may not ultimately affect outcome with certain treatment 
options. In addition, functional state appears irrelevant and 
clinical signs ot hyperthyroidism can easily be controlled using 
carbimazole or methimazole at 5 mg orally three times daily 
initially and subsequently adjusted for effect. 

Surgical thyroidectomy is approached as for cats. However, 
in dogs most tumors are unilateral and therefore it is not nec¬ 
essary to preserve parathyroid glands on the affected side. 
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In dogs with no evidence of metastatic spread and operable 
thyroid tumors, resection alone results in long-term control 
without subsequent development of metastases. I2g However, 
in many cases extensive local tumor invasion precludes 
complete removal, and aggressive surgical attempts signifi¬ 
cantly increase the risk of extensive hemorrhage and damage 
to the recurrent laryngeal nerves and parathyroid glands. 
In such cases, surgery alone is only associated with a 25% 
Survival rate at 1 year. 1 — Surgical debulking followed by 
chemotherapy with cisplatin or doxorubicin has been 
mended for such cases. 1 - U3n Administration of radioactive 
iodine may be helpful il iodine uptake is maintained but 
generally high, and multiple doses must be used, limiting its 


value dinica 11yd 24 i 31 Two recent studies suggest that defini¬ 
tive or palliative radiotherapy may be associated with the best 
survival. 132133 In these studies, prior existence of metastatic 
spread did not appear to alter survival, and there 

decreased risk of metastatic spread with local control of 
tumor progression. 

Standard dose T 4 supplementation is necessary after bilat¬ 
eral thyroidectomy. In addition, T 4 therapy is usually recom¬ 
mended after unilateral thyroidectomy. Receptor affinity and 
concentration and functional response to TSH are similar in 
healthy and carcinomatous thyroids. 134 Although it is unclear 
if TSH has any growth-stimulating properties in thyroid 
neoplasia in i Avo, T 4 therapy seems a wise precaution. 
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CHAPTER 


Insulin-Secreting Islet Cell Neoplasia 


Rebecka S. Hess 


I nsulinoma is uncommon in the dog and rare in the cat. This 
chapter, therefore, focuses on canine insulinoma unless 
otherwise noted. The first case series documenting success¬ 
ful surgical therapy of insulinoma in human beings 
reported by Whipple in 1935. Whipple's triad was defined 
the presence of neurologic clinical signs associated with a low 
plasma glucose concentration and relieved by feeding 
administration of glucose. Canine insulinoma 

described in 1935. 1 


are the duodenum, mesentery, omentum, spleen, heart, and 
spinal cord. 

Although the etiology of insulinoma is unknown, growth 
hormone production, which is not associated with increased 
plasma growth hormone concentrations, has been docu¬ 
mented in primary and metastatic canine insulinoma lesions. 
Local growth hormone may affect insulinoma cell prolifera¬ 
tion through paracrine or autocrine mechanisms.^ 
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Pathophysiology 

Proliferation of beta pancreatic cells results in excess secretion 
of insulin and therefore hypoglycemia. The most important 
compensatory mechanisms for hypoglycemia 

of insulin secretion and stimulated secretion of counter- 
regulatory hormones. 

Glucose is the primary regulator of insulin secretion. When 
glucose enters beta pancreatic cells, it is metabolized to 

adenosine triphosphate (ATP] and closes ATP-sensitive potas¬ 
sium (K>) channels. Closure of the K 4 channels reduces K* 
efflux and results in depolarization of the beta cell and 
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Insulin-secreting beta cell neoplasia is the most common islet 
cell neoplasia in the dog.This may he due to the fact that beta 
cells comprise approximately 70% of cells in the islets of 
Langerhans. Most canine insulinomas are malignant. In 
immune cytoch em ica 1 re p ort 

carcinomas and only one was an adenoma. 2 About 80% of 
pancreatic tumors are solitary, and most are located in one of 
the two limbs of the pancreas rather than in the body. 3 5 
Occasionally, no discrete nodule or nodules are apparent 
during gross examination of the pancreas, and histopathologic 
evaluation is needed to identify the tumor. 

The rate of detected metastatic lesions in 179 dogs from 
different studies ranged from 45% to 64% and was higher in 
studies based on necropsy than in those based on surgical 
biopsies. 3 (l/ Clinical staging of pancreatic tumors according to 

the World Health Organization's tumor-node-metastasis 
[TN’M] system defines stage I as T ( N 0 M 0 (presence of a 
primary tumor and absence of regional lymph node or distant 
metastases], stage II as T|N,M 0l and stage 111 as T]N,M| or 
TjNflMj. Most dogs with insulinoma have stage 11 or stage III 
disease. 6 The most common sites of metastases are regional 
lymph nodes and the liver. Other reported metastatic sites 
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open¬ 
ing of voltage-sensitive calcium (Ca 24 ] channels. An increase 

in the cytoplasmic Ca 2+ concentration results in insulin exo- 

cytosis. In a normal animal, insulin secretion is completely 

inhibited when the blood glucose concentration is less than 

65 to 80 mg/dL, However, insulin secretion from neoplastic 

beta cells occurs independent of the blood glucose concentra¬ 
tion and persists despite a low blood glucose concentration. 
Therefore the hallmark, of an insulin-secreting tumor [insuli¬ 
noma] is an increased blood insulin concentration despite a 
low blood glucose concentration. 

The four counter-regulatory hormones secreted in 
response to hypoglycemia are glucagon, catecholamines, 
growth hormone, and glucocorticoids. Of these hormones, 
glucagon and catecholamines are most important in increasing 
the blood glucose concentration. 
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HISTORY AND CLINICAL SIGNS 


Table 240-1 


The mean age of dogs with insulinoma is 9 years (range, 3 to 
15 years) Although any breed can develop an insulinoma, the 
tumor has been reported mainly in medium to large breed 
dogs. Controlled studies ot breed risk lor insulinoma have not 
been published, and there is no apparent sex predilection for 
the disease. 

Most clinical signs arise from the effect of hypoglycemia 
on the central nervous system (neuroglycopenia) or from 
hypoglycemia-induced release of catecholamines. Glucose is 
the single most important source of energy in the brain, and 
carbohydrate storage in neural tissue is limited. Brain func¬ 
tion, therefore, depends on a continuous supply of glucose. 
Clinical signs attributable to neuroglycopenia include seizures, 
collapse, weakness, ataxia, disorientation, mental dullness, and 
visual disturbances. Clinical signs related to excess cate¬ 
cholamine release and stimulation of the sympathetic nervous 
system include tremors, hunger, and nervousness. 

The severity of clinical signs increases as blood glucose 
drops, and severe hypoglycemia ultimately can result in coma 
and death. Clinical signs may also be related to the duration 
of the hypoglycemia and the rate at which it develops, 
because a gradual decrease in the blood glucose concentration 
may be less likely to stimulate catecholamine secretion. 
Occasionally clinical signs are episodic, because secretion of 
counter-regulatory hormones elevates the blood glucose con¬ 
centration and temporarily resolves neuroglycopenic clinical 
signs. Feeding can result in either alleviation or exacerbation 
of clinical signs. If feeding restores the hlood glucose concen¬ 
tration to normal, the clinical signs resolve* However, feeding 
may also stimulate insulin secretion and exacerbate the clini¬ 
cal signs. Fasting, exercise, or excitement can worsen clinical 
signs either hy decreasing the blood glucose concentration or 
by increasing sympathetic stimulation. 

Clinical signs reported in 198 dogs from several studies are 
listed in Table 240-1. 3 * 5 , 7 ,s.in Although most dogs have more 
than one of these clinical signs, some dogs have none. The 
reported duration of clinical signs prior to diagnosis varies 
from 1 day to 3 years. 

Physical Examination 

The physical examination is unremarkable in most dogs with 
insulinoma. 4 - 6 Dogs may he overweight as a result of the 
anabolic effects of insulin, and postictal findings may be 
apparent if the dog has had a recent seizure, A peripheral 
polyneuropathy, characterized by tetraparesis and decreased 
or absent appendicular reflexes, has been described in asso¬ 
ciation with insulinoma in 13 dogs. 11 < 12 The etiology of 
insulinoma-associated peripheral neuropathy is not known. 
It has been suggested that this polyneuropathy develops as a 
paraneoplastic immune-mediated disorder that is unrelated to 
the metabolic changes associated with insulinoma. 12 


m 


C linical Signs Reported in 198 Dogs from 
Several Studie$* 5 ‘ 7 ' 810 




NUMBER OF 

DOGS 


CLINICAL SIGN 




Seizure 

Collapse 

Generalized weakness 
Shaking/trembling/muscle twitching 
Ataxia 

Exercise intolerance 
Hindlimb weakness 

D i sorientat ion/biza rre behavior/hysteria 
Polyphagia 

Polyuria and polydipsia 

Stupor/lethargy 

Focal facial seizures 

Obesity or weight gain 

Blindness 

Anorexia 

Diarrhea 

Head tilt 

Nervousness 
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pregnancy may also result in hypoglycemia. Excess glucose 
consumption may develop in sepsis or extreme exercise. Some 
ol the many drugs reported to induce hypoglycemia in human 
beings include insulin, oral hypoglycemics (e.g,, sulfonylurea), 
salicylates (e g., aspirin), acetaminophen, beta blockers (eg., 
propranolol), beta r agonists, ethanol, monoamine oxidase 
inhibitors, tricyclic antidepressants (e.g,, amitriptyline), 
angiotensin-converting enzyme inhibitors (e.g*, captopril), 
antibiotics (e.g., tetracycline), lidocaine overdose, and lithium. 
Factitious hypoglycemia may occur when blood cells are not 
promptly separated from serum or in cases of severe poly¬ 
cythemia or leukocytosis if serum separation is delayed longer 
than 1 hour. 


Diagnostic Evaluation 

A clinical suspicion of insulinoma is established with docu¬ 
mentation of appropriate clinical signs, hypoglycemia (blood 
glucose concentration less than 60 mg/dL), and concurrent 
hyperinsulinoma (serum insulin concentration greater than 
20 jaU/mL)* 13 Identification of a pancreatic mass with imag¬ 
ing studies may strengthen this suspicion* The diagnosis of 
insulinoma is confirmed with histologic examination and 
immunohistochemical staining of the pancreatic mass. 

The results of a complete hlood count, chemistry screen, 
and urinalysis are usually unremarkable, aside from the low 
blood glucose concentration. 47 Although hypoglycemia is 
observed in most dogs with insulinoma, especially if the 
measurement is repeated twice, 7 it is important to remember 
that some dogs with insulinoma may have euglycemia on 
repeated measurements. 14 Mild hypokalemia and increased 
serum alkaline phosphatase or alanine aminotransferase activ¬ 
ities have also been documented. 5 " 

11 a dog suspected of having an insulinoma has euglycemia, 
it should be fasted and the blood glucose concentration 
should be measured every 1 to 2 hours. In most dogs with 
insulinoma, hypoglycemia develops within 12 hours of fast¬ 
ing. Blood for measurement of the insulin concentration 


DIFFERENTIAL DIAGNOSES 


Differential diagnoses for hypoglycemia may be categorized as 
(l) those associated with excess secretion of insulin or insulin- 
like factors, (2) those associated w r ith decreased glucose 
production, (3) those associated with excess glucose con¬ 
sumption, (4) drug-associated causes, and (5) spurious causes. 
Disorders in which the most important mechanism for 
hypoglycemia is excess secretion of insulin or insulin-like 
factors include insulinoma, extrapancreatit tumor, and islet 
cell hyperplasia. Conditions associated with decreased glucose 
production include hypoadrenocorticism, hypopituitarism, 
growth hormone deficiency, liver diseases, glycogen storage 
diseases, neonates, and toy breeds. Fasting, malnutrition, and 
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should be collected when the animal is hypoglycemic, and it 
should then be fed. However, a small percentage of dogs do 
not exhibit hypoglycemia, even with repeated measurements 
and after a prolonged fast (48 to 72 hours). 7 A low fruc- 
tosamine concentration has been used to strengthen the clin¬ 
ical suspicion of insulinoma in several dogs with euglycemia. 14 
The glycosylated hemoglobin Ale concentration has been sig~ 
nificantly low in some but not all dogs with insulinoma, 15 
Repetition of serum insulin measurements may also aid in the 
diagnosis. One study of canine insulinoma found that 76% of 
dogs had an increased serum insulin 

was measured once, and 91% of dogs had an increased serum 
insulin concentration when it was measured twice. 7 

Other tests have been described as aids in the diagnosis of 
insulinoma in euglycemic dogs with 

concentration, However, insulin to glucose and glucose 
insulin ratios are not recommended because of their low 
sensitivity, and the amended insulin to glucose ratio is not 
recommended because of its low specificity, Additional toler¬ 
ance and stimulation tests have been described but 

advocated because of questionable usefulness and potentially 
fatal side effects, such as hypoglycemia and seizures. 1 * 

Most dogs with insulinoma have normal abdominal and 
thoracic radiographs. 4 * * 17 According to the combined results 
of several studies in which abdominal ultrasound 
performed in dogs with insulinoma, a pancreatic mass was 
identified in 49 of 8/ (56%) dogs, and abdominal metastasis 
was noted in 1 7 of 87 (20%)%* * 17 Although abdominal ultra¬ 
sonography may be helpful in increasing the clinical suspicion 
of a pancreatic mass and metastases, both false-positive and 
false-negative results have been described. 

Computed tomography (CT) is the most common imaging 
technique used for identification of 


resolved within 20 minutes, and the hypoglycemia resolved 
within 1 hour Glucagon increases the blood glucose 
Lration by promoting glycogenolysis and gluconeogenesis. 
However, glucagon also increases insulin secretion, and animals 
should be monitored carefully for worsening hypoglycemia, 

I he long-term treatment of choice tor insulinoma is surgi¬ 
cal resection of the tumor and gross metastases. 5 Surgical 
exploration and biopsy of the pancreatic mass also can con¬ 
firm the diagnosis and may aid estimation of the survival 
time. KI When postoperative hyperglycemia develops, it usu- 
ally is transient and resolves once normal beta cells, which 
have been suppressed by excess insulin secretion from 
plastic cells, regain their function. However, about 10% of 
dogs develop diabetes niellitus and require treatment with 
exogenous insulin for 1 to 37 months.*- 710 Other postopera¬ 
tive complications include acute pancreatitis, diabetic ketoaci¬ 
dosis, delayed wound healing, ventricular arrhythmias and 
cardiac arrest, hemorrhage, sepsis, and leukopenia. 3 5 7 

The discussion of medical therapy is limited to clinically 
important agents reported as having been used in dogs with 
spontaneous insulinoma. 1 he use of additional medications is 
discussed elsewhere.- 21 Medical treatment is indicated prior to 
surgery, postoperatively if needed, and in cases in which 
surgery' is not performed. Medical therapy can be divided into 
cytotoxic treatment directed at destroying insulin-secreting 
beta cells and treatment aimed at relieving the hypoglycemia 
Streptozocin is a nitrosourea antibiotic derived from the 
bacterium Streptomyces ackromogenes, Streptozocin selectively 
destroys beta cells in the pancreas or metastatic sites. The drug 
nephrotoxic and has been reported to cause acute renal 
failure and renal tubular atrophy in the dog. Diuresis with 
saline decreases the drug s s contact time with renal tubular 

epithelial cells and may reduce the risk of nephrotoxicity. 
Successful use of streptozocin in veterinary medicine is 
limited to a study of 1 7 dogs, most of which had surgery with 
incomplete resection of gross lesions. 8 Dogs were treated with 
0.9% sodium chloride (18 mL/kg/hr given intravenously) for 
3 hours prior to streptozocin administration, during 2 more 
hours of streptozocin treatment, and for 2 additional hours 
after treatment. Streptozocin (500 ftig/m^) was given every 

3 w r eeks. Butorphanol (0.4 mg/kg given intramuscularly) was 
administered immediately after streptozocin therapy as an 
antiemetic, but vomiting still occurred in about 30% of 
treatments. Other side effects included diabetes mellitus, 
transient hypoglycemia and seizures, transient hypergly 
transient increases in alanine aminotransferase activity, 
azotemia, mild thrombocytopenia, and mild neutropenia. The 

median duration of normoglycemia in dogs treated with strep¬ 
tozocin was 163 days, which was not significantly different 
from the median duration in control dogs treated surgically 
medically. Further studies are needed to determine whether 
the benefits of streptozocin treatment outweigh its risks. 

The main methods of relieving hypoglycemia include 
dietary modification and treatment with prednisone, diazox- 

synthetic somatostatin. Small, frequent meals (every 

4 to 6 hours) of a diet high in protein, fat, and complex 
carbohydrates are recommended, and simple sugars (present 
in soft, moist dog foods) should be avoided, 

increases the blood glucose concentration by 
increasing gluconeogenesis and glucose 6-phosphatase activ¬ 
ity, decreasing blood glucose uptake into tissue, and stimulat¬ 
ing glucagon secretion. Glucocorticoids can be administered 
intravenously in the form of dexamethasone during an acute 
hypoglycemic crisis or can be given orally once the dog is 
stable. Prednisone, the least expensive and most commonly 
used drug for the treatment of canine insulinoma, should be 
administered at a dosage of 0.5 to 4 mg/kg/day given orally 

beginning with the lower end of the dosage and gradually 
increasing if necessary '. W2i 
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pancreatic tumors in 
human beings; it detects about 50% of tumors greater than 

2 cm in diameter and almost none of the smaller tumors. 
CT has been reported in a small number of dogs with insuli¬ 
noma, but its sensitivity in dogs has yet to be determined. 8 
Intravenous administration of radioactively labeled synthetic 
somatostatin, followed by whole body scintigraphy has been 
shown to he □ sensitive and specific tool for pancreatic tumor 
imaging in humans 1 * and has been reported in one dog with 
insulinoma. 1 ' 1 Intravenous intraoperative administration of 

methylene blue was used to characterize pancreatic tumors in 
five dogs.~ 1T 
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TREATMENT 


Therapy for insulinoma can be divided into treatment of the 
acute hypoglycemic crisis and long-term management. During 
an acute hypoglycemic crisis, dextrose can be given as a slow 
bolus (0.5 g/kg given intravenously, diluted in 0.9% sodium 
chloride at a 1:3 ratio). The bolus is followed by 
venous continuous-rate infusion of dextrose (2.5% to 5% in 
water). Dextrose must be administered with caution because 
it can stimulate insulin secretion and cause hypoglycemia. 
Hu id resuscitation is performed as necessary. In most dogs, 

neuroglycopenia resolves with administration of dextrose! 

However, iJ the animal fails to respond to dextrose adminis¬ 
tration alone, dexamethasone (0.5 mg/kg given intravenously 
over 6 hours, every 12 to 24 hours) and a somatostatin analog 
(20 to 40 pg given subcutaneously every 8 to 3 2 hours) may 
be administered. In severe cases the animal may have to be 
sedated with pentobarbital for several hours while the above 
treatment is continued and until seizures resolve 21 

A continuous-rate infusion of glucagon (5 to 13 ng/kg/min 
with or without a concurrent 10% dextrose infusion) has been 

reported in one dog with insulinoma-associated hyp 
glycemia. Clinical signs attributed to the hypoglycemia 


or 


an intra- 


ide, or 


Prednisone 
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Diazoxide is a benzothiadiazine derivative, the main action 
of which is to inhibit closure of ATP-dependent K 4 channels 
in beta pancreatic cells. This prevents depolarization of beta 
cells and inhibits opening of voltage^dependent Ca 24 channels. 
Decreased Ca 24 influx results in decreased exoevtosis oi 
insulin-containing secretory vesicles. Diazoxide also increases 
the blood glucose concentration in pancreatized dogs by 
increasing glycogenolysis and gluco neogenes is and by inhibit¬ 
ing tissue uptake of glucose. 23 Diazoxide is administered at 
a dosage of Ml to 40 mg/kg/day given orally, divided every 
8 to 12 hours, beginning at the lower end of the dosage and 
gradually increasing if needed. Approximately 70% of 
dogs with insulinoma respond to treatment with diazoxide/ 
Side effects in dogs, which are uncommon, include 
ptyalism, vomiting, and anorexia. However, in human beings, 
myocardial ischemia, salt retention, water retention, hyper¬ 
glycemia, hypotension, and cerebral ischemia have also been 
reported. 

Octreotide is a long-acting synthetic somatostatin analog, 
and its main mode of action is inhibition of insulin secretion. 
In human beings, octreotide’s action depends on its binding 
affinity to any of five somatostatin receptor subtypes present 
in tumors. Dogs have only one somatostatin receptor subtype, 
and their response to octreotide is variable. 24 The lack of a 
dependable response to octreotide in dogs may be due to the 
drug's inhibition of glucagon and growth hormone secretion. 
If suppression of glucagon and growth hormone secretion is of 
greater magnitude and duration compared with suppression 
of insulin secretion, octreotide may actually worsen the hypo¬ 
glycemia Also, some canine insulinomas may not have 
somatostatin receptors. For these reasons, further studies are 
needed to determine octreotide's efficacy and safety in dogs, 
Octreotide has been administered to dogs wnth insulinoma 
at dosages of 2 to 4 pg/kg given subcutaneously every 8 to 
12 hours. 2ri Side effects have not been reported in dogs; in 
humans they are mild and include pain at the site of injection 
(which can he reduced if octreotide is warmed to room tem¬ 
perature before administration], nausea, vomiting, abdominal 
pain, constipation, and steatorrhea. 


PROGNOSIS 


The median survival time of 142 dogs that underwent partial 
pancreactomy, as reported in several studies, was 12 to 
14 months, with a range of zero days to 5 years. 3 5 7 Several 
prognostic factors have been identified. Dogs with clinical 
stage 1 disease have a significantly longer disease-free interval, 
and about 50% are expected to be normoglycemic 14 months 
after surgery compared with only 20% of dogs with clinical 
stage II or stage 111 disease. 5 Young dogs have a worse progno¬ 
sis. 5 Dogs with postoperative hyperglycemia or normo- 
glvcemia have a significantly better prognosis than those whb 
hypoglycemia. 3 

A decreased mitotic rate is strongly associated with 
survival of human beings w'ith insulinoma. Although a corre¬ 
lation between the number ol mitotic figures per high-power 
field and local invasiveness of the tumor has been documented 
in dogs, a significantly w f orse prognosis in dogs w'ith a high 
mitotic count has yet to be established m 

Age, sex, body weight, clinical signs and their duration, 
ultrasonographic detection of a pancreatic mass, tumor 
location, gross presence of metastatic disease, and the blood 
glucose or insulin concentration are not significantly associ¬ 
ated with the prognosis. 
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INSULIN-SECRETING ISLET CELL NEOPLASIA 
IN THE CAT 


Feline insulinoma is rare; it has been reported in five cats that 
were 3 2 to 17 years of age. Three of the cats w r ere Siamese, 
and four were neutered males. The history' and clinical signs 
are similar to those reported for dogs w r ith insulinoma. The 
diagnosis is based on documentation of an increased serum 
insulin concentration at the time of hypoglycemia. Care must 
be taken to use an insulin radioimmunoassay validated for 
cats. Therapy consists of surgical resection of the pancreatic 
mass and metasiases, followed by prednisone treatment and 
small frequent meals. 2 * 25 
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CHAPTER 


Diabetes Mellitus 


Richard W. Nelson 


T he endocrine pancreas is composed of the islets of 

Langerhans, which are dispersed as ' small islands’ in a 
sea" of exocrine-secreting acinar cells. Four distinct cell 
types have been identified in these islets on the basis of stain¬ 
ing properties and morphology; alpha cells , which secrete 
glucagon; beta cells , w r hich secrete insulin; delta cells , which 
secrete somatostatin; and F cells ; which secrete pancreatic 
polypeptide. Dysfunction involving any of these cell lines 
ultimately results in either an excess or a deficiency of the 
respective hormone in the circulation. In the dog and cat, the 
most common disorder of the endocrine pancreas is diabetes 


mellitus, w'hich results from an absolute or relative insulin 
deficiency due to deficient insulin secretion by the beta cells. 
The incidence of diabetes mellitus is similar for the dog and cat, 
with the reported frequency varying from 1 in 100 to 1 in 500. 1 


CLASSIFICATION AND ETIOLOGY 


Overview of Classification 

In humans, diabetes mellitus is classified as type I or type 2 
based on the pathophysiologic mechanisms and the pathogenic 
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alterations affecting the beta cells. Type 1 diabetes is char* 
acterized by a combination of genetic susceptibility and 
immunologic destruction of beta cells, with progressive and 
eventually complete insulin insufficiency. The presence of 
circulating autoantibodies against insulin, the beta cell, and/or 
glutamic acid decarboxylase (GAD) usually precedes the 
development of hyperglycemia or clinical signs. Type 2 
diabetes mellitus is characterized by insulin resistance and 
'dysfunctional'' beta cells; defects believed to be genetic in 
origin are evident for a decade or longer before hyperglycemia 
and clinical signs of diabetes develop, and the deleterious 
eflects can be accentuated by environmental factors such as 
obesity, 23 Humans with type 1 diabetes are dependent on 
insulin for control of the disease (i.e. f insulin-dependent dia¬ 
betes mellitus [IDDM]), whereas control of the diabetic state 
in humans with type 2 diabetes is usually possible through 
diet, exercise, and oral hypoglycemic drugs. Insulin treatment 
may he necessary in some type 2 diabetics if insulin resistance 
and beta cell dysfunction are severe. As such, humans with 

type 2 diabetes can have IDDM or non-insulin-dependent 
diabetes mellitus (NIDDM)* 

It is more clinically relevant and perhaps more accurate to 
classify' diabetes in dogs and cats as IDDM or N1DDM rather 
than as type 1 or type 2. The familial history' is rarely available 
in diabetic dogs and cats, and the clinical presentation is usu¬ 
ally not helpful in differentiating type I and type 2 diabetes, 
especially in cats, Insulin secretagogue tests are not routinely 
performed, and their results maybe misleading, A utoamibody 
tests for type 1 diabetes are not readily available. 4 - 5 Therefore, 
as clinicians, veterinarians usually classify' diabetic dogs and 
cats as either IDDM or N1DDM based on their need for 
insulin treatment. This can be confusing, because some dia¬ 
betics, especially cats, initially can appear to have NIDDM 
progressing to IDDM, or they flip back and forth between 
IDDM and NIDDM as the severity of insulin resistance and 
the impairment of beta cell function waxes and wanes. 
Apparent changes in the diabetic state (i.e., IDDM and 
NIDDM) are understandable when one realizes that islet 
pathology may 1 ' be mild to severe and progressive or static; 
that the ability of the pancreas to secrete insulin depends on 
the severity of islet pathology and can decrease with time; 
that the responsiveness of tissues to insulin varies, often in 
conjunction with the presence or absence of concurrent 
inflammatory, infectious, neoplastic, or hormonal disorders; 
and that all these variables affect the animal’s need for insulin, 
the insulin dosage, and the ease of diabetic regulation, 

Insulin-Dependent Diabetes Mellitus 

The most common clinically recognized form of diabetes 
mellitus in the dog and cat is IDDM In our hospital, virtually 
all dogs and 50% to 70% of cats have IDDM at the time 
diabetes mellitus is diagnosed. Insulin-dependent diabetes 
mellitus is characterized by permanent hypoinsulinemia and 
an absolute necessity for exogenous insulin to maintain glycemic 
control Tiie etiology ol IDDM has been poorly characterized 
in dogs and cats but is undoubtedly multi factorial (Box 241-1), 

In the dog, genetic predispositions have been suggested by 
lamilial associations (Table 241-l]. 4 * 7 Common histologic 
abnormalities in dogs include a reduction in the number and 
size of pancreatic islets, a decrease in the number of beta cells 
within islets, and beta cell vacuolation and degeneration 
(Figure 241-3), In some dogs an extreme form of the disease 
may occur, represented by a congenital absolute deficiency of 
beta cells and pancreatic islet hypoplasia or aplasia. Less 
severe changes of pancreatic islets and beta cells may predis¬ 
pose the adult dog to diabetes mellitus after it has been 
exposed to environmental factors, such as insulin-antagonistic 
diseases and drugs, obesity, and pancreatitis. Environmental 
factors may induce beta cell degeneration secondary to 


chronic insulin resistance or may cause release of beta cell 
proteins that induce immune-mediated destruction of the 
islets/ The results of studies evaluating for anti-beta cell 
autoantibodies in diabetic dogs have been conflicting; the 
autoantibodies were identified in newly diagnosed diabetic 
dogs with IDDM in one study 9 but not in another/ 0 
Immune-mediated insulitis has also been described in diabetic 
dogs/ 1 Seemingly, autoimmune mechanisms, in conjunction 
with genetic and environmental factors, may play a role in the 
initiation and progression of diabetes in dogs. 

Common histologic abnormalities in cats with IDDM 
include islet-specific amyloidosis (see Non instil in-Dependent 
Diabetes Mellitus), beta cell vacuolation and degeneration, 
and chronic pancreatitis {see Figure 241-]]/ 2 The cause of 
beta cell degeneration is not known. Still other diabetic cats 
have a reduction in the number of pancreatic islets and/or 
insulin-containing beta cells on immunohistochemical evalua¬ 
tion, a finding that suggests that additional mechanisms may be 
involved in the physiopathology of diabetes mellitus in cats. 
Although lymphocytic infiltration of islets, in conjunction 
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Box 

Potential Factors in the Etiopathogenesis of 
Diabetes Mellitus in Dogs and Cats 
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Dog 

Genetics 

Immune-mediated insulitis 
Pancreatitis 

Obesity 

Concurrent hormonal disease 
Hy perad renocorticism 
Diestrus-mduced excess of growth hormone 
Hypothyroidism 
Drugs 

Glucocorticoids 

Infection 

Concurrent illness 
Renal insufficiency 

Cardiac disease 
Hyperlipidemia 
Islet amyloidosis (?) 


Cat 

Islet amyloidosis 

Obesity 

Pancreatitis 

Concurrent hormonal disease 
Hype ra d re n oco rt ids m 
Acromegaly 
Hyperthyroidism 

Drugs 

Megestrol acetate 

Glucocorticoids 

Infection 

Concurrent illness 
Renal insufficiency 
Cardiac disease 
Hyperlipidemia (?) 

Genetics (?) 

Immune-mediated insulitis (?) 
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finding in the pancreatic islets of diabetic cats. Islet amyloid 
polypeptide (IAPP), or amyl in, is the principal constituent of 
amyloid isolated from the pancreatic tissue of humans with 
NIDDM and of adult cats with diabetes. 15 ! he amino acid 


Table 241-1 


Breed Risk for the Development of Diabetes Mellitus ' 


o 


sequence of human and feline IAPP is similar 16 ; immuno- 
electron microscope studies have identified IAPP in beta cell 
secretory granules in both cats and humans, 17,18 and amylin is 
cosecreted with insulin by the beta cell. 19 Stimulants of 
insulin secretion also stimulate the secretion of amylin. 
Amylin acts as a neuroendocrine hormone, having several glu- 
coregulatory effects that collectively complement the actions 
of insulin in postprandial glucose control. These effects 
include a slowing of the rate at which nutrients are delivered 
from the stomach to the small intestine for absorption, sup¬ 
pression of nutrient-stimulated secretion of glucagon, and 

Chronic increased secretion of 




CASES 


CONTROL ODDS RATIO 


BREED 






9.39 


33 


3 


Australian terrier 
Standard schnauzer 
Miniature schnauzer 

Bichon frise 

Spitz 

Fox terrier 

Miniature poodle 
Samoyed 

Cairn terrier 

Keeshond 
Maltese 
Toy poodle 
Lhasa apso 
Yorkshire terrier 

Mixed breed 


96 


14 


5.85 




88 


5.10 


o 


39 


11 


3.03 




10 


2.90 


34 




28 


2.68 


88 


224 


2.49 


712 


56 


2.42 


159 


stimulation of satiety, 
insulin and amylin, as occurs with obesity and other insulin- 
resistant states, results in aggregation and deposition ot amylin 

in the islets as amyloid (see Figure 241-1). lAPP-derived 

amyloid fibrils are cytotoxic and are associated with apoptotic 
cell death of islet cells and a resultant defect in insulin secre¬ 
tion. 22 ' 24 If deposition of amyloid is progressive, islet cell 
destruction progresses and eventually leads to diabetes melli¬ 
tus (Figure 241-2). The severity of islet amyloidosis would 
determine in part whether the diabetic cat has IDDM or 
NIDDM {Figure 241-3). Total destruction of the islets results 
in IDDM and the need for insulin treatment for the rest of the 
cat's life. Partial destruction of the islet s may or may not result 
in clinically evident diabetes, insulin treatment may or may 
not be required to control glycemia, and transient diabetes 
may or may not develop once treatment is initiated. If amy¬ 
loid deposition is progressive, the cat progresses from a sub- 
clinical diabetic state to NIDDM and ultimately to IDDM 
The presence and severity of insulin resistance is an impor¬ 
tant variable that influences the clinical picture in cats with par¬ 
tial destruction of pancreatic islets. Insulin resistance increases 
the demand for insulin secretion, a demand that may not be 
met in some cats with partial destruction of islets. The more 
severe the insulin resistance and the loss of islets, the greater the 
likelihood that hyperglycemia will develop. Persistent hyper¬ 
glycemia can in turn suppress function ot remaining beta cells, 
causing hypoinsulinemia and worsening hyperglycemia (see 
Transient Diabetes Mellitus). A sustained demand for insulin 
secretion in response to insulin resistance can also lead to wors¬ 
ening islet pathology and a further reduction in the population 
of beta cells. Any chronic insulin-resistant disorder can have a 
deleterious impact on the population and function of beta cells 
and can play a role in the development of NIDDM or IDDM. 
Examples in the cat include obesity, chronic pancreatitis, 
acromegaly, hyperadrenocorticism, and chronic administration 
of glucocorticoids or megestrol acetate. Obesity-induced carbo¬ 
hydrate intolerance is the classic insulin-resistant disorder affil¬ 
iated with the development of NIDDM in humans and has 
been identified as a potential causative factor in the develop- 
ment of diabetes in cats as well. 125 Obesity causes a reversible 
insulin resistance that is a result of downregulation of insulin 
receptors, impaired receptor binding affinity for insulin, and 

postreceptor defects in insulin action. Impaired glucose toler¬ 
ance and an abnormal insulin secretory response have been doc¬ 
umented in obese cats, 2627 abnormalities that are reversible 
with correction of obesity. 2 9 ■ 

Our current understanding of the eti op a the genes is ot dia¬ 
betes in the cat suggests that the difference between ID I > M 
and NIDDM is primarily a difference in the severity of loss of 
beta cells and the severity and reversibility of concurrent 
insulin resistance. Most cats with IDDM or NIDDM have islet 
amyloidosis, vacuolar degeneration of beta cells, m islet 
hypoplasia. 12 30 The more severe the islet pathology, the more 
likely the cat is to have IDDM, regardless of concurrent 
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Beagle 
English setter 
Basset hound 
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Labrador retriever 
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Cocker spaniel 

Golden retriever 
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German shepherd 
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0.56 
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0.51 
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0,56 
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0.44 


32 


186 


0.35 


77 


91 


274 


0,28 


27 


109 


0.21 


25 


104 


0.21 


0.18 


68 


317 


From Guptill L et a): Is canine diabetes on the increase? /n Recent 
Advances in Clinical Management of Diabetes Mellitus, lams, 

Dayton, Ohio, 1999, p 24, 

* Derived from analysis of the Veterinary Medical Database (VMDB) 
from I 970 to 1993. The VMDB comprises medical records of 24 

veterinary schools in the United States and Canada. VMDB case 
records analyzed included those from first hospital visits of 6078 dogs 
with a diagnosis of diabetes mellitus and 5922 randomly selected dogs 
with first hospital visits for any diagnosis other til an diabetes mellitus 
seen at the same veterinary schools in the same year. Only breeds 
with more than 25 cases of diabetes mellitus are included. 


with islet amyloidosis and vacuolation, has heen described in 
two diabetic cats, 13 this histologic finding is uncommon, and 
beta cell and insulin auto antibodies have not been identified 
in new'lv diagnosed diabetic cats. 14 The role of genetics remains 
to be determined. 

Noninsulin-Dependent Diabetes Mellitus 

Clinical recognition of NIDDM occurs more often in the cat 
than in the dog, accounting for approximately 30% of diabetic 
cats seen at our hospital. Clinical recognition of NIDDM 

is uncommon in the dog and is usually associated with a 
concurrent insulin-antagonistic disease or drug. In humans, 
obesity, genetics, and islet amyloidosis are important factors in 
the development of NIDDM, Amyloid is a common pathologic 
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Figure 241-1 Pancreatic islet cell histology. A, Severe islet amyloidosis from a cat with insulin- 

dependent diabetes mellitus (IDDM] (hematoxylin and eosin stain [H&E], xlOGJ. B p Severe islet 
cell degeneration and vacuolation fro 

RVV: Canine and Feline Endocrinology 

I996 p p 341.) 


cat with IDDM (H&E, x2G0), (From Feldman EC, Nelson 
d Reproduction, 2nd ed. Philadelphia, WB Saunders, 


m a 


an 


insulin resistance (see Figure 24 1-3). The less severe the islet 
pathology, the greater the role of concurrent insulin resistance 

in determining whether the cat has IDDM or N1DDM. 
The more severe and the less reversible the cause of the 
insulin resistance, the more likely the cat with mild islet 
pathology is to be insulin dependent, and vice versa. 
Fluctuations in the severity of insulin resistance, as occur with 
chronic pancreatitis, can cause a cat with mild islet pathology 


to oscillate between IDDM and N1DDM as the severity of 

pancreatic inflammation waxes and wanes. Persistent insulin 
resistance can also worsen islet pathology and cause the dia¬ 
betic cat to progress from N1DDM to IDDM as the progres¬ 
sive loss of beta cells leads to worsening insulin deficiency, 3 ' 3 31 


Transient Diabetes Mellitus 

Approximately 20% of diabetic cats become "transiently dia¬ 
betic, usually within 4 to 6 weeks of establishment of the 
diagnosis of diabetes and initiation of treatment. In these 


cats, 

hyperglycemia, glycosuria, and clinical signs of diabetes 
resolve, and insulin treatment can be discontinued. Some dia¬ 
betic cats may never require insulin treatment once the initial 
bout of clinical diabetes mellitus has dissipated, whereas 
others become permanently insulin dependent weeks to 
months after resolution of a prior diabetic state. Based on find¬ 
ings from a recent evaluation of a group of cats with transient 
diabetes mellitus, the author theorizes that cats with transient 
diabetes are in a subclinical diabetic state that becomes clini¬ 
cal when the pancreas is stressed by exposure to 
insulin-antagonistic drug or disease, most notably glucocorti¬ 
coids, megestrol acetate, or chronic pancreatitis (Figure 241-4). 
Unlike healthy cats, those w f ith transient diabetes mellitus 
have some abnormality of the islets (e.g., amyloidosis 
lar degeneration) and a significant reduction in the population 
of beta cells. Islet abnormalities impair the ability to compen¬ 
sate for concurrent insulin resistance, resulting in carbohy¬ 
drate intolerance. Insulin secretion by beta cells becomes 
reversibly suppressed, most likely as a result of 


Insulin resistance 
(e.g., obesity, prednisone) 


Increased insulin 
secretion 


i 


a concurrent 


Increased amylin 
secretion 


30 


, vacuo- 


Progressive amyloid 

deposition in islets 


worsening 

carbohydrate intolerance. Chronic hyperglycemia impairs 
insulin secretion by beta cells and induces peripheral insulin 
resistance by promoting the downregulation of glucose trans¬ 
port systems and causing a defect in post-transport insulin 
action; this phenomenon is referred to as glucose wxicin '. 32 
Beta cells have an impaired response to stimulation by insulin 
secretagogues, thereby mimicking IDDM. The effects of 
glucose toxicity are potentially reversible upon correction 
of the hyperglycemic state. The clinician makes a correct diag¬ 
nosis of diabetes and initiates appropriate treatment for dia¬ 
betes and identifiable insulin-antagonistic disorders. Treatment 
improves hyperglycemia and insulin resistance, the suppres- 

effccts of hyperglycemia decrease, beta cell function 
improves, insulin secretion returns, and an apparent IDDM 
state resolves. The future requirement for insulin treatment 


Islet destruction 


Figure 241-2 Schematic of the interplay between insulin resis¬ 
tance, amylin secretion, and amyloid deposition in the pancreatic 
islets. Insulin secretion increases to compensate for insulin 

tance induced by environmental factors, insulin-antagonistic 
drugs, and concurrent illness. Because amylin and insulin 


resis- 


are cose¬ 
creted, amylin secretjon also increases in imuhn-rcststant states. 
If sustained, increased amylin secretion 


can lead to amylin aggrega¬ 
tion and the formation of amyloid in the islets. [From Feldman EC, 
Nelson RW: Canine and Feline Endocrinology and Reproduction, 
3rd ed. Philadelphia, WB Saunders, 2004.) 
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Figure 241-3 Pancreatic amyloidosis. A, Mild islet amyloidosis (arrow) and vacuolar degeneration 
in a cat with non-insulin-dependent diabetes mellitus (NIDDM) treated with diet and glipizide 
(H&E, x20GJ, B r Severe islet amyloidosis (straight arrow) in a cat with initial NIDDM that 
progressed to IDDM. Pancreatic biopsy was obtained during 1DDM state. Residua! beta cells 
containing insulin f curved arrows) are also present. (Immunoperoxidase stain, xlOO). (From 
Feldman EC, Nelson RW: Canine and Feline Endocrinology and Reproduction, 3rd ed. 
Philadelphia, WB Saunders, 2004, p 542 ] 


depends on the underlying abnormality in the islets. If the islet 
pathology is progressive (e g., amyloidosis), eventually enough 
beta cells are destroyed to cause permanent 1DDM. 

Transient or reversible diabetes is extremely uncommon in 
dogs and usually occurs in dogs with subclinical diabetes 
treated with insulin-antagonistic drugs (e.g., glucocorticoids) 
or in the early stages of an insulin-antagonistic disorder (e g., 
diestrus in the bitch, hyperadrenocorticism). Such dogs have 
a reduced but adequate mass of functional beta cells to main¬ 
tain carbohydrate tolerance when insulin resistance is not 
present but are unable to secrete an adequate amount of 
insulin to maintain euglycemia in the presence of insulin 
antagonism. Early recognition and correction of the insulin 
antagonism may re-establish euglycemia without the long¬ 
term need for insulin therapy. Failure to correct the insulin 
antagonism quickly results in progressive loss of beta cells and 
the eventual development of ID DM. 

Diagnosis of Insulin-Dependent versus Noninsulin- 
Dependent Diabetes Mellitus 

Dogs and cats are not usually brought to a veterinarian until 
clinical signs of diabetes become obvious and worrisome to an 
owner. As such, at the time of diagnosis, all diabetic dogs and 
cats have fasting hyperglycemia and glycosuria, regardless of 
the type of diabetes mellitus that may be present. Once the 
diagnosis of diabetes has been established, the clinician must 
consider the possibility' of NIDDM and the need for insulin 
treatment. Dogs should uniformly be considered to have 
1DDM and treatment with insulin should be initiated unless 
there is a strong suspicion of diabetes mellitus secondary' to a 
concurrent insulin-antagonistic disorder (e.g., intact bitch in 
di estrus). 

Because of the significant incidence of NIDDM and tran¬ 
sient diabetes in cats and the successful treatment of some 
diabetic cats with diet and oral hypoglycemic drugs, it would 
be advantageous to be able to prospectively differentiate 
IDDM from NIDDM in cats. Unfortunately, measurements of 
the serum insulin concentration at baseline and after adminis¬ 
tration of an insulin seeretagogue have not been consistent 
aids in the differentiation of IDDM from NIDDM in the 
cat. 4 - A fasting serum insulin concentration greater than the 


normal mean concentration (greater than 1 2 pU/mL in our 
laboratory) or any postsecretagogue insulin concentration 
greater than one standard deviation (SD) above the reference 
mean (greater than 18 pU/mL in our laboratory) suggests the 
existence of functional beta cells and the possibility for 
NIDDM, Unfortunately, cats subsequently identified has 
having IDDM and many of those with NIDDM have a low 
baseline serum insulin concentration and do not respond to 
a glucose or glucagon challenge. 4 530 This apparent insulin 
deficiency in cats subsequently identified with NIDDM is 
presumably the result of concurrent glucose toxicity (see 
Transient Diabetes Mellitusj The ultimate differentiation of 
IDDM from NIDDM is often made retrospectively, after the 
clinician has had several weeks to assess the cat s response 
to therapy and to determine the animal's need for insulin. The 
initial decision between insulin treatment and oral hypo¬ 
glycemic drugs is based on the severity of the clinical signs, the 
presence or absence of ketoacidosis, the cat's general health, 
and the owner s wishes. 


PATHOPHYSIOLOGY 


Nonketotic Diabetes Mellitus 

Diabetes mellitus results from a relative or absolute deficiency 
of insulin secretion by the beta cells Insulin deficiency in turn 
causes decreased tissue utilization of glucose, amino adds, and 

fatty acids; accelerated hepatic glycogenolysis and gluconeo- 
genesis; and accumulation of glucose in the circulation, result¬ 
ing in hyperglycemia. Glucose obtained from the diet also 
accumulates in the circulation. As the blood glucose concen¬ 
tration increases, the ability of the renal tubular cells to resorh 
glucose from the glomerular ultrafiltrate is exceeded, resulting 
in glycosuria. In dogs this typically occurs whenever the blood 

glucose concentration exceeds 180 to 220 mg/dL. The thresh¬ 
old for glucose resorption appears more variable in cats, 
ranging from 200 to 280 mg/dL. Glycosuria creates an 
osmotic diuresis, causing polyuria. Compensatory polydipsia 
prevents dehydration. The diminished peripheral tissue uti¬ 
lization of ingested glucose results in weight loss as the body 
attempts to compensate for perceived "'starvation/' 
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hunger and vice versa. The ability of glucose to enter the cells 
in the satiety center is mediated by insulin. In diahetics with 
a relative or absolute lack of insulin, glucose does not enter 
satiety center cells, resulting in failure to inhibit the feeding 
center I hus these individuals become polyphagic despite 
by p e rgl yce m i a, 

The four classic signs of diabetes mellitus are polyuria, 
polydipsia, polyphagia, and weight loss. The severity of these 
signs is directly related to the severity ol hyperglycemia. 
As these signs become obvious to the owner, the pet is brought 
to the veterinarian lor care. 


Cat has pathology involving the 
islets causing subclinical di a bates 


Inflammation, infection, neoplasia, 
hormonal disorder or drug causes 

insulin antagonism 


Ketoacidosis 


Carbohydrate intolerance and 
hyperglycemia develop 


Unfortunately some cats and dogs are not identified by their 
owners as having signs of disease, and these untreated diabet¬ 
ics may ultimately develop diabetic ketoacidosis (DKA), 
Ketone bodies (be., acetoa cerate, beta hydroxybutyrate, and 
acetone) are derived from oxidation of nonesterified or free 
fatty adds (FFAs) by the liver and are used as an energy 
source by many tissues during periods of glucose deficiency. 
The most important regulators of ketone body production 
FFA availability and the ketogemc capacity of the liver, 14 
For synthesis of ketone bodies to be enhanced, two major 
alterations in intermediary metabolism must occur: (1) mobi¬ 
lization of FFAs from triglycerides stored in adipose tissue 
must be enhanced, and (2) a shift in hepatic metabolism must 
occur from fat synthesis to fat oxidation and ketogenesis. 35 3tl 
Insulin is a powerful inhibitor of lipolysis and FFA oxidation. 
A relative or absolute deficiency of insulin "allows" lipolysis to 
increase, thus increasing the availability of FFAs to the liver 
and in turn promoting ketogenesis. 

Virtually all dogs and cats with DKA have a relative or 
absolute deficiency ol insulin. In most dogs and cats with 
newly diagnosed DKA, circulating insulin concentrations 
low- or undetectable. Some dogs and cats have serum insulin 
concentrations similar to those observed in normal, fasted 
nondiabetics (be., 5 to 20 pU/mL], However, such insulin 
concentrations are inappropriately low ("relative" insulin defi¬ 
ciency) for the severity of hyperglycemia encountered. Some 
diabetic dogs and cats develop ketoacidosis despite receiving 
daily injections of insulin, and circulating insulin concentra¬ 
tions may even be increased. In this 

deficiency is also present, presumably because of concurrent 
insulin resistance caused by an increase in circulating glucose 

counter-regulatory hormones (be*, epinephrine, glucagon, 
cortisol, growth hormone), increased plasma FFA and amino 
acid concentrations, and metabolic acidosis* With the devel¬ 
opment of insulin resistance, the need for insulin may exceed 
the daily injected insulin dose, leading to a predisposition 

the development of DKA. 

Circulating levels of the glucose counter-regulatory' hor¬ 
mones typically are markedly increased in humans with DKA 
and presumably are in dogs and cats as well 37 The body 

increases its production of the glucose counter-regulatory 
hormones in response to 

situations, such as pancreatitis, infection, renal insufficiency, 
and concurrent hormonal disorder* The net effects of these 
hormonal disturbances are accentuation of insulin deficiency 
through the development of insulin resistance; stimulation of 
lipolysis, leading to ketogenesis; and stimulation of gl 
genesis, which worsens hyperglycemia. Recognition and treat¬ 
ment of disorders that coexist with diabetic ketoacidosis 
critically important to the successful management of DKA 

The physiologic derangements that accompany DKA 
direct result of relative or absolute insulin deficiency, hyper- 
ketonemia, and hyperglycemia. Increasing plasma ketone 
concentrations eventually surpass the renal tubular threshold 
for complete resorption and spill into the uri 


Glucose toxicity causes apparent 
insulin-dependent diabetes mellitus 

(IDDM) 
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Insulin treatment and correction 
(control) of concurrent disorders 

initiated 


Control of hyperglycemia 
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Resolution of glucose toxicity 


fi-celis regain function and insulin 
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group, a '‘relative insulin 
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to 


Figure 241-4 Sequence of events in the development and 

resolution of an insulin-requiring diabetic episode in cats with 

transient diabetes, (From Feldman EC, Nelson RW: Canine and 

Feline Endocrinology and Reproduction, 3rd ed Philadelphia, 
WR Saunders, 2004, p 546.) 


wide variety of diseases and stress 


u co n eo - 


The interaction of the "satiety center” in the ventromedial 
region of the hypothalamus with the "feeding center" in the 
lateral region of the hypothalamus is responsible for control¬ 
ling the amount of food ingested. 33 The feeding center 
responsible tor evoking eating behavior, is chronicajly func¬ 
tioning but can be transiently inhibited by the satiety 
after food ingestion. The amount of glucose entering the cells 
in the satiety center directly affects the feeling of hunger: the 
more glucose that enters these cells, the less the feeling of 


are 


are a 


center 


urine, contributing 
to the osmotic diuresis caused by glycosuria and enhancing 
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the excretion of solutes (e,g., sodium, potassium, and magne¬ 
sium). insulin deficiency per se also contributes to the exces¬ 
sive renal losses of water and electrolytes. The result is an 
excessive loss of electrolytes and water, leading to volume 
contraction, underperfusion of tissues, and prerenai azotemia. 
As ketones continue to accumulate in the blood, the body’s 

buffering system becomes overwhelmed, and progressively 
worsening metabolic acidosis results, Further loss of water and 
electrolytes occurs as a result of repeated bouts of vomiting or 
diarrhea combined with a lack of fluid intake, problems that 
often develop as the metabolic acidosis worsens. Excessive 
loss of electrolytes and water leads to further volume contrac¬ 
tion, underperfusion of tissues, and worsening prerenai 
azotemia and dehydration. Renal excretion of glucose and to 
a lesser degree hydrogen ions becomes impaired, allowing 
glucose and ketones to accumulate in the vascular space more 
quickly The result is increasing hyperglycemia and ketonemia 
and worsening metabolic acidosis. The rise in the blood 
glucose concentration raises the plasma osmolality, and the 
resulting osmotic diuresis further aggravates the rise in plasma 
osmolality by causing water losses in excess of the salt loss. 
The increase in plasma osmolality causes water to be shifted 
out of cells, leading to cellular dehydration and the eventual 
development of obtundation and coma. The severe metabolic 
consequences of DKA, which include severe acidosis, hyper¬ 
osmolality, obligatory osmotic diuresis, dehydration, and elec¬ 
trolyte derangements, ultimately become life-threatening. 


ANAMNESIS 


The history in virtually all diabetic animals includes the clas¬ 
sic polydipsia, polyuria, polyphagia, and weight loss. Owners 

often bring a dog to the veterinarian because the pet can no 
longer make it through the night without having to be let out¬ 
side to urinate or because it begins urinating in the home. 
A common complaint of cat owners is the constant need to 
change the litter and an increase in the size of the kitty litter 
clumps; problems that rellect the polyuria associated with 
diabetes mellitus. Additional clinical signs in cats include 
lethargy; decreased interaction with family members; lack of 
grooming behavior and the development of a dry, lusterless, 
unkempt, or matted haircoat; and decreased jumping ability, 
rear limb weakness, or the development of a plantigrade pos¬ 
ture (Figure 24 I -5). Occasionally a dog owner may be con¬ 
cerned about sudden blindness caused by cataract formation. 
The classic signs of diabetes mellitus may have gone unno¬ 
ticed or may have been considered irrelevant by the owner. 
If the clinical signs associated with uncomplicated diabetes 
are not observed by the owner, a diabetic dog or cat is at risk 
for developing systemic signs of illness (i.e., lethargy, anorexia, 
vomiting, weakness) as progressive ketonemia and metabolic 
acidosis develop. The time sequence from onset of initial clin¬ 
ical signs to development of DKA is unpredictable, ranging 
from a few days to several months. 




oo 
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PHYSICAL EXAMINATION 


SICNALMENT 


A thorough physical examination is imperative in any dog or 
cat suspected of having diabetes mellitus, in part because of 
the high prevalence of concurrent disorders that can affect 
the response to treatment. Physical examination findings in a 
dog or cat with newly diagnosed diabetes depend on whether 
DKA is present and if so, its severity; on the duration of 
diabetes prior to diagnosis; and on the nature of any other 
concurrent disorders. The nonketotic diabetic dog or cat has 
no classic physical examination findings. Many diabetic dogs 
and cats are obese but are otherwise in good physical condi¬ 
tion. Dogs and cats w-ith prolonged untreated diabetes may 
have lost weight hut are rarely emaciated unless concurrent 


Diabetes mellitus typically occurs in older dogs and cats, with 

a peak prevalence at 7 to 9 years of age in dogs and 9 to 
11 years in cats. 3 - 1 - Juvenile-onset diabetes occurs in dogs and 
cats less than 1 year of age and is uncommon. In dogs, females 
are affected about twice as often as males, whereas in cats, dia¬ 
betes occurs predominately in neutered males. 112 Genetic 
predispositions for or against the development of diabetes 
have been suggested by familial associations in dogs and by 
pedigree analysis of keeshonden (see Table 241-l). 67 No 

apparent breed predisposition is seen in cats, although 
Burmese cats may be over-re presen ted in Australia. ** 


A 


B 


Figure 241-5 A, Plantigrade posture in a cat with diabetes mellitus and exocrine pancreatic 
insufficiency B, Resolution of hindlimb weakness and plantigrade posture a her glycemic control 
was improved by adjustment of insulin therapy and initiation of pancreatic enzyme replacement 
therapy. (From Feldman EC, Nelson RW; Canine and Feline Endocrinology and Reproduction, 

3rd ed. Philadelphia, WR Saunders, 2004, p 548.) 
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disease (eg., pancreatic exocrine insufficiency, hyperthy¬ 
roidism} is present. Lethargy may be evident. The haircoat 
ol newly diagnosed or poorly controlled diabetic dogs may 
be sparse, with dry, brittle, lusterless hairs, as well as scales 
horn hyperkeratosis; diabetic cats often stop grooming and 
develop a dry, lusterless haircoat. Diabetes-induced hepatic lipi¬ 
dosis may cause hepatomegaly. Lenticular changes consistent 
with cataract formation are another common clinical finding 
diabetic dogs. Impaired ability to jump, weakness in the rear 
limbs, ataxia, or a plantigrade posture (he., the hocks touch the 
ground when the cat walks) may be evident in cats that develop 
diabetic neuropathy (see Figure 24 I-5). The distal muscles of 
the rear limbs may feel hard on digital palpation, and cats 
object to palpation or manipulation of the rear limbs, 
ably because of pain associated with the neuropathy. 

In the ketoacidotit diabetic dog or cat, physical examina¬ 
tion findings include dehydration, depression, weakness, 
tachypnea, and sometimes a strong odor of acetone on the 
breath. With severe metabolic acidosis, slow, deep breathing 
| i.e,, Kussmaul respiration) may be observed. Gastrointestinal 
signs of vomiting, abdominal pain, and distention may be pre¬ 
sent, and dogs and cats that develop severe hyperosmolarity 
are often extremely lethargic and may be comatose. 


Box G 241-2 

Causes of Hyperglycemia in Dogs and Cats 


Diabetes mellitus* 

"Stress" (cat)* 

Postprandial effect (diets containing monosaccharides, 
disaccharides, and propylene glycol) 

Hype ra d re noco rticis m * 

Acromegaly (cat) 

Diestrus (bitch) 

Pheochromocytoma (dog) 

Pancreatitis 

Exocrine pancreatic neoplasia 
Renal insufficiency 
Drug therapy* 

Glucocorticoids 
Progestagens 
Megestrol acetate 
Thiazide diuretics 
Dextrose-containing fluids* 

Parenteral nutrition* 

Head trauma 


in 


may 
presum- 


ESTABLISHING THE DIAGNOSIS 
OF DIABETES MELLITUS 


'Common cause. 


A diagnosis of diabetes mellitus requires the presence of 
appropriate clinical signs (i.e., polyuria, polydipsia, polyphagia, 
weight loss) and documentation of persistent fasting hyp 
glycemia and glycosuria. Measurement of the blood gi 
concentration using a portable blood glucose monitoring device 
and testing for the presence of glycosuria using urine reagent 

test strips (e.g,, KetoDiastix; Ames Division, Miles Laboratories, 
Elkhart, Indiana) allow rapid confirmation of a diagnosis of 
diabetes mellitus. Concurrent documentation of ketonu 
establishes a diagnosis of diabetic ketosis or ketoacidosis. 

Jt is important to document both persistent hyperglycemi 
and glycosuria to establish a diagnosis of diabetes mellitus, 
because hyperglycemia differentiates diabetes mellitus from 
primary renal glycosuria, whereas glycosuria differentiates 
diabetes mellitus from other causes of hyperglycemia (Box 
24 1-2). Transient, stress-induced hyperglycemia 
problem in cats and can cause 

tion to increase above 300 mg/dL. Unfortunately, stress i _ 
subjective state that cannot be accurately measured, it is not 
always easily recognized, and it may evoke 

responses among individual cats. Glycosuria usually does 
not develop in cats with stress hyperglycemia because the 
transient increase in the blood glucose concentration prevents 
glucose from accumulating in urine to a detectable 
tration However, hyperglycemia and glycosuria 

secondary to stress in cats. For this reason, the clinician should 
always document persistent hyperglycemia and gly 
when establishing a diagnosis of diabetes mellitus 
II doubt exists, the "stressed 

instructions lor the owner to monitor the urine glucose con¬ 
centration with the cat in the nonstressed home 
Alternatively, a serum fructosamine concentration can be 
measured. Documentation of an increase in the serum fruc¬ 
tosamine concentration supports the presence of sustained 
hyperglycemia; however, a serum fructosamine concentration 
in the upper range of normal can occur in symptomatic 
diabetic cats if the diabetes developed shortly before the 
was brought to the veterinarian. 39 

Mild hyperglycemia (i.e., 130 to 180 mg/dL) is clinically 
silent and is usually an 


mellitus should be sought. Mild hyperglycemia can occur up 
to 2 hours postprandial in some dogs and cats, in "stressed" 
dogs and cats, in early diabetes mellitus, and with disorders 
causing insulin resistance. A diagnostic evaluation for disor¬ 
ders causing insulin resistance is indicated if mild hyper¬ 
glycemia persists in the fasted, unstressed dog or cat. Insulin 
therapy is not indicated in these animals because clinical 
diabetes mellitus is not present. 


er- 


ucose 


na 
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PATIENT EVALUATION 


Nonketotic Diabetic Animal 

A thorough clinicopathologic evaluation is recommended 
once the diagnosis of diabetes mellitus has been established. 
The clinician must be aware of any disease that might b 
ing or contributing to carbohydrate intolerance (e.g., hyper- 
adrenocorticism), that may result from carbohydrate 
intolerance (e,g r , bacterial cystitis), or that may force modifi¬ 
cation of therapy (e g., pancreatitis). The minimum laboratory 
evaluation in any "healthy nonketotic diabetic dog 
should include a complete blood count iCBC), serum bio¬ 
chemical panel, serum thyroxine concentration (cat), and 
nalysis with bacterial culture. The 


is a common 
the blood glucose concentra¬ 


ss a 


e caus- 


inconsistent 


or cat 


concern 
can occur 


u ri¬ 
se rum progesterone 

concentration should be determined if diabetes mellitus 
diagnosed in an intact bitch, regardless of her cycling history. 
H available, abdominal ultrasonography is indicated to assess 
for pancreatitis, adrenomegaly, pyometritis in an intact bitch 
or queen, and abnormalities affecting the liver and urinary 
tract. Because ot the relatively high prevalence of pancreatitis 
in diabetic dogs and cats, measurement of serum lipase 
serum trypsin-like immunoreactivity (TLI) or serum pancre¬ 
atic lipase immunoreactivity (PLJ) should be considered if 
abdominal ultrasonography is not available. Measurement of 
the baseline serum insulin concentration or an insulin 
response test is not routinely done, although it may be 
sidered in cats prior to treatment with oral hypoglycemic 
drugs (see Diagnosis of Insulin-Dependent versus Noninsulin- 
Dependent Diabetes Mellitus). Additional tests may be 
warranted after the history has been obtained, the physical 


cosuna 


is 


in cats. 

cat can be sent home with 


environment. 


or 


cat 


con- 


unexpected and unsuspected finding. 
If the dog or cat with mild hyperglycemia is examined for 
pulyuna and polydipsia, a disorder other than clinical diabetes 
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and phosphate [P0 4 ])< The results of these tests guide the 
proper choice of fluid therapy, as well as corrections that must 
be made with respect to electrolyte alterations, acidosis, and 
renal function. Additional data, such as radiographs, abdomi¬ 
nal ultrasound scans, or further clinical pathologic studies, 
may be needed, depending on the results of the history and 
physical examination and the nature of concurrent disorders. 


examination has been performed, or ketonuria has been iden¬ 
tified, Potential clinicopathologio abnormalities are listed in 

Box 241-3, 


Ketoocidotic Diabetic Animal 

The laboratory evaluation of apparently healthy dogs and cats 
with both glucose and ketones present in the urinalysis is 
similar to that for the nonketotic diabetic patient. The healthy 
ketotic diabetic can usually be managed conservatively with¬ 
out fluid therapy or intensive care. In contrast, sick ketoaci- 
dotic diabetic dogs and cats are critical metabolic emergencies 
that require a much more aggressive therapeutic plan. To aid 
in the formulation of an appropriate treatment protocol, a group 
of critically important studies must be performed, including 
urinalysis, hematocrit, total plasma protein concentration, blood 
glucose, venous total carbon dioxide (COj) or arterial acid- 
base evaluation, blood urea nitrogen or serum creatinine, and 
serum electrolytes (sodium [Na], potassium [KJ, calcium [Ca] r 




JO 


THERAPY FOR THE ILL DIABETIC 
KETOACIDOTIC PATIENT 


33 




An aggressive therapeutic plan ( Box 24 1-4) is indicated if the 
dog or cat has systemic signs of illness (i.e,, lethargy, anorexia, 
vomiting); if the physical examination reveals dehydration, 
depression, weakness, and/or Kussmaul respiration; if the 
blood glucose concentration is greater than 500 mg/dL; or if 
severe metabolic acidosis is present, as diagnosed by a total 
venous CC >7 or arterial bicarbonate concentration less than 
12 mEq/L* The goals of treatment for a severely ill, ketoaci- 
dotic, diabetic pet are (1) to provide adequate amounts of 
insulin to normalize intermediary metabolism, (2) to restore 
water and electrolyte losses, (3) to correct the acidosis, (4) to 
identify precipitating factors for the current illness, and (5) to 
provide a carbohydrate substrate when required by the insulin 
treatment. Proper therapy does not imply forcing as rapid a 
return to normal as possible. Because osmotic and biochemi¬ 
cal problems can be created by overly aggressive therapy, as 
well as by the disease process itself rapid changes in various 
vital parameters can be as harmful as or more harmful than no 
change. If all abnormal parameters can be slowly moved 
toward normal (be., over 36 to 48 hours), the likelihood ot 
successful therapy is greater. 
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Box 

Clinicopath a logic Almormaliti es Comma ttly 
Found in Dogs and Cats with Uncomplicated 
Diabetes Mellitus 


Complete Blood Count 

Typically normal 

Neutrophilic leukocytosis, toxic neutrophils 
(with pancreatitis or infection) 


Biochemistry Panel 

Hyperglycemia 
Hypercholesterolemia 
Hypertriglyceridemia (lipemia) 

Increased alanine aminotransferase activity 

(typically <500IU/L) 

Increased alkaline phosphatase activity (typically <500 IU/L) 


Fluid Therapy 


Initiation of appropriate fluid therapy should be the first step 
in the treatment of DKA. Replacement of fluid deficiencies 
and maintenance of normal fluid halance are important for 
ensuring adequate cardiac output, blood pressure, and blood 
flow to all tissues. Improvement ol renal blood flow is 
especially critical. In addition to the general beneficial aspects 
of fluid therapy in any dehydrated animal, fluid therapy can 
correct the deficiencies in total body sodium and potassium, 
dampening the potassium-lowering effect of insulin treatment. 
Fluid therapy can reduce blood glucose concentrations in dia¬ 
betics even without insulin administration. Unfortunately, 
fluid therapy alone does not decrease the concentrations 
of aoetoaceiate and beta hydroxy butyrate or improve the 
severity' ot metabolic acidosis. For these reasons, insulin is 
always required. 

The type of parenteral fluid initially used depends on the 
electrolyte status, blood glucose concentration, and osmolal¬ 
ity. Most dogs and cats with DKA have severe deficits in total 
body sodium, regardless of the measured serum concentra¬ 
tion. Unless serum electrolyte concentrations dictate other¬ 
wise, the initial intravenous fluid of choice is 0.9% sodium 
chloride with appropriate potassium supplementation. Most 
dogs and cats with severe DKA usually are sodium depleted 
and therefore are not suffering from dramatic hyperosmolal¬ 
ity despite potentially remarkable increases in the blood glu¬ 
cose concentration. Other replacement crystalloid solutions 
that can he used if physiologic 0.9%) saline is not available 
are Ringer's solution, Ringer's lactated solution, Plasma-Lyte 
148 {Baxter Healthcare, Deerfield, Illinois), and Normosol-R 
(Abbott Laboratories, Chicago, Illinois). Hypotonic fluids 
(e.g., 0.45% saline) are rarely indicated in dogs and cats with 
DKA even with severe hyperosmolality. Hypotonic fluids do 
not provide adequate amounts ol sodium to correct the 
sodium deficiency. Rapid administration of hypotonic fluids 
can also cause a rapid decrease in plasma osmolality, which 


Urinalysis 

Urine specific gravity typically >1.025 

Glycosuria 

Variable ketonuria 

Proteinuria 

Bacteriuria 


Ancillary Tests 

Hyperlipasemia (with pancreatitis) 

H y pera my la s e m ia (with pa nc reat it i s) 

Serum trypsin-like immunoreactivity 
Usually normal 

Low with pancreatic exocrine insufficiency 
High with acute pancreatitis 
Normal to high with chronic pancreatitis 
Serum pancreatic lipase immunoreactivity 
Usually normal 

Low with pancreatic exocrine insufficiency 
High with pancreatitis 

Variable serum baseline insulin concentration 

Insulin-dependent diabetes mellitus: Low, normal 
Non-insulin-dependent diabetes mellitus: 

Low, normal, increased 

Insulin resistance induced: Low, normal, increased 
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Box 

Initial Management of the Dog or Cat with Severe Diabetic Ketoacidosis 

Fluid Therapy 

Type; 0.9% saline solution initially. 

GO to 100 mL/kg/24 hr initially; adjust based on hydration status. 

Potassium supplementation: Based on serum potassium (K + ) 

KCI to each liter of fluids. 

Phosphate supplementation: Administer if serum phosphorus concentration is less than 1.5 mg/dL or if hemolytic 
develops, initial IV infusion rate is 0.01 to 0.03 mmol/kg/hr in calcium-free fluids (e.g., 0.9% solirse). 

Dextrose supplementation: Not indicated until blood glucose concentration approaches 250 mg/dL; then beg 


241-4 


urine output, and persistence of fluid losses, 
concentration; if concentration is unknown, initially add 40 mEq 


anemia 


i n 5 % dextrose i nfu s ion. 


Bicarbonate Therapy 

Indication: Administer if plasma bicarbonate concentration 
concentration is less than 12 mmol/L; if concentration 

then give only once. 

Amount: HCO 3 (mEq) = Body weight (kg) x 0.4 x (12 — 
unknown, use 10 in place of (12 - Patient's HCOJ). 

Administration* Add to IV fluids and give over 6 hours; do not give as bolus infusion. 
Retreotment: Only if plasma bicarbonate concentration 


is less than 12 mEq/L or total venous carbon dioxide (C0 2 ) 
is unknown, do not administer unless animal is severely ill, and 

Patient's HCO^) x 0.5; if patient’s HCOJ or total C 0 2 concentration is 


remains less than 12 mEq/L after 6 hours of therapy. 


Insulin Therapy 

Type: Regular crystalline insulin. 
Administration 


* Intermittent intramuscular (IM) technique: Initial dose, 0.2 U/kg IM; then 0.1 U/kg IM hourly until blood glucose 
concentration approaches 250 mg/dL; then switch to subcutaneous (SC) regular insulin q 6 - 8 h, 

* Low-dose intravenous (IV) infusion technique: Initial rate, 0.05 to 0.1 U/kg/hr diluted in 0.9% sodium chloride and adminis¬ 
tered via infusion or syringe pump in a line separate from that used for fluid therapy: adjust infusion rate based on hourly 
blood glucose measurements; switch to SC regular insulin q 6 - 8 h once bbod glucose concentration approaches 250 mg/dL. 

Decrease the hourly IM insulin dose or the IV insulin infusion rate for the initial 2 to 3 hours of treatment if the doq or cat is 
hypokalemic at the time of diagnosis. 

Coat: Gradual decline in the blood glucose concentration (preferably at a rate of about 75 mg/dL/hr) until the concentration i 
less than 250 mg/dL. 


is 


Ancillary Therapy 

Concurrent pancreatitis is common in diabetic ketoacidosis (DKA); nothing 

are indicated. 


per os and aggressive fluid therapy usually 

Concurrent infections are common in DKA; broad-spectrum parenteral antibiotics usually are indicated. 

Additional therapy may be needed, depending on the nature of concurrent disorders. 


Patient Monitoring 

Blood glucose measurement every 1 to 2 hours initially; adjust insulin therapy and begin dextrose infusion when the 
concentration approaches 250 mg/dL. 

Hydration status, respiration, and pulse every 2 to 4 hours; adjust fluids accordingly. 

Serum electrolyte and total venous C0 2 concentrations every 6 to12 hours; adjust fluid and bicarbonate therapy accordingly 
Urine output, glycosuria, and ketonuria every 2 to 4 hours; adjust fluid therapy accordingly. 

Body weight, packed cell volume, temperature, and blood pressure daily. 

Additional monitoring, depending on concurrent diseases. 


may result in cerebral edema, deterioration in mentation, and 
eventually coma. Hyperosmolality is best treated with iso¬ 
tonic fluids and judicious administration of insulin. 

Fluid administration should be directed toward gradual 
replacement of hydration deficits over 24 hours while main- 

supplied and ongoing losses 
matched. Rapid replacement of fluids is rarely indicated 
unless the dog or cat is in shock. Once the animal i 
critical phase, fluid replacement should be decreased i 
effort to correct the fluid imbalance i 
manner. As a general rule, a fluid rate of 


two times maintenance (i.e., 60 to 100 mL/kg/24 hr) is chosen 
initially, and subsequent adjustments are based on frequent 
assessment of hydration status, 


urine output, severity of 
azotemia, and persistence of vomiting and diarrhea, 


tenance fluid needs 


Potassium Supplementation 

Most dogs and cats with DKA initially have either normal 
decreased serum 

for DKA, the 


are 


or 


is out 


potassium concentrations. During therapy 
potassium concentration may decrease 
because of rehydration (dilution), insulin-mediated cellular 
uptake of potassium (with glucose), continued urinary losses, 


m an 

in a slow but steady 


serum 


one and one half to 
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hypomagnesemia do not usually occur until the serum total 
and ionized magnesium concentration is less than 1 and 0.5 
mg/dL, respectively, and even at these low levels, many dogs 
and cats remain asymptomatic. We do not routinely treat 
hypomagnesemia in dogs or cats with DKA unless problems 
with persistent lethargy, anorexia, weakness, or refractory 
hypokalemia or hypocalcemia are encountered after 24 to 
48 hours of fluid and insulin therapy or some other cause of 
the problem cannot be identified. 

Bicarbonate Therapy 

The physical examination results, in conjunction with the 
plasma bicarbonate or total venous CCT concentration, 
should be used to determine the need for bicarbonate therapy. 
Bicarbonate supplementation is not recommended when the 

plasma bicarbonate (or total venous CO 2 ) concentration is 
12 mEq/L or greater, especially if the animal is alert. An alert 
dog or cat probably has a normal or near-normal pH in the 
cerebrospinal fluid (CSF). The acidosis in these animals is cor¬ 
rected through insulin administration and fluid therapy. 
Improvement in renal perfusion enhances urinary loss of 
ketoacids, and insulin therapy markedly diminishes the pro¬ 
duction of ketoacids. Acetoacetate and beta hydroxybutyrate 
are also metabolically usable anions, and I mEq of bicarbon¬ 
ate is generated from each 1 mEq of ketoacid metabolized. 

When the plasma bicarbonate concentration is 11 mEq/L 
or less (total venous CO 2 is below 1 12 mEq/L), bicarbonate 
therapy should be initiated. Many of these animals have 
severe depression that may be a result oi concurrent severe 
central nervous system (QMS) acidosis. Metabolic acidosis 
should be corrected slowly to avoid major alterations in the 
pH of the CSE Only a portion of the bicarbonate deficit is 
given initially, over a 6-hour interval. The bicarbonate deficit 
(i.e., the milliequivalents of bicarbonate initially needed to 
correct acidosis to the critical level of 12 mEq/L over a period 
of 6 hours) is calculated as: 

Bicarbonate (mEq) - Body weight (kg) x 0,4 

x (12 - Patient's bicarbonate measurement) x 0,5 

or, if the serum bicarbonate is not known: 

Bicarbonate (mEq) - Body weight (kg) x 2 

The difference between the animal's serum bicarbonate 
concentration and the critical value of 12 mEq/L represents 
the treatable base deficit in DKA, If the animal s serum bicar¬ 
bonate concentration is not known, 10 should be used tor the 
treatable base deficit. The factor 0.4 corrects for the extracel¬ 
lular fluid space in which bicarbonate is distributed [40% of 
body weight),The factor 0.5 provides one half of the required 
dose of bicarbonate in the intravenous (IV) infusion. In this 

manner, 

Bicarbonate should never be given by bolus infusion. After 
6 hours of therapy, the acid-base status should be re-evaluated 
and a new dose calculated. Once the plasma bicarbonate 
concentration is greater than 12 mEq/L, further bicarbonate 
su ppl em on ta ti on is usual I y not n ceded. 

Insulin Therapy 

Insulin therapy is critical lor the resolution oi ketoacidosis. 
However, overzealous insulin treatment can cause severe 
hypokalemia, hypophosphatemia, and hypoglycemia during 
the first 24 hours of treatment. These are problems that can 
be minimized by appropriate fluid therapy, frequent monitor¬ 
ing of serum electrolytes and blood glucose concentrations, 
and modification of the initial insulin treatment protocol as 
indicated. The decision on when to start insulin therapy varies 
with the experiences of the veterinarian queried. Initiation 
of appropriate fluid therapy should always be the first step in 
the treatment of DKA. Delaying insulin therapy allows the 


and correction of acidemia (translocation of potassium into 
the intracellular fluid |ICF] compartment). Dogs and cats 
with hypokalemia require aggressive potassium replacement 
therapy to replace deficits and to prevent worsening, 
life-threatening hypokalemia after initiation of insulin therapy. 
The exception to potassium supplementation of fluids is 
hyperkalemia associated with oliguric renal failure. Potassium 
supplementation should initially be withheld in these dogs 
and cats until glomerular filtration has been restored, urine 
production increases, and hyperkalemia is resolving. 

Ideally the amount of potassium required is based on 
actual measurement of the serum potassium concentration. If 
accurate measurement of serum potassium is not available, 
40 mEq of potassium should be added initially to each liter of 
intravenous fluids (36 mEq should be added to Ringer's solu¬ 
tion). Subsequent adjustments in potassium supplementation 
should be based on measurement of the serum potassium 
concentration, preferably every 6 to 8 hours until the dog or 
cat is stable and serum electrolyte values are in the normal 

range. 

Phosphate Supplementation 

Most dogs and cats with DKA have either normal or 
decreased serum phosphorus concentrations on pretreatment 
testing. Within 24 hours of initiation of treatment for DKA, 
the serum phosphorus concentration can decrease to worri¬ 
some levels (i.e,, less than 1 mg/dL) as a result of the dilu¬ 
tion al effects of fluid therapy, the intracellular shift of 
phosphorus after initiation of insulin therapy, and continuing 

Hypophosphatemia affects 

primarily the hematologic and neuromuscular systems in dogs 
and cats. Hemolytic anemia is the most common problem and 

be life-threatening if not recognized and treated. 
Weakness, ataxia, and seizures may also be observed. Severe 
hypophosphatemia may be clinically silent in many animals. 

Phosphate therapy is indicated if clinical signs or hemoly¬ 
sis are identified or if the serum phosphorus concentration 
decreases to less than 1.5 mg/dL. Phosphate is supplemented 
by means of intravenous infusion. Potassium and sodium 
phosphate solutions contain 3 mmol of phosphate and either 
4.4 mEq of potassium or 4 mEq of sodium per milliliter. 

The recommended dosage for phosphate supplementation is 
0.01 to 0.03 mmol of phosphate per kilogram of body weight 
per hour, preferably administered in calcium-free intravenous 
fluids (e.g., 0,9% sodium chloride). 40 In dogs and cats with 
severe hypophosphatemia, the dosage may need to be 

increased to 0.03 to 0.12 mmoI/kg/hr, 41 Because the dose of 
phosphate needed to replete an animal and the animal's 
response to therapy cannot be predicted, it is important 
initially to monitor the serum phosphorus concentration 
every 8 to 12 hours and to adjust the phosphate infusion 
accordingly. Adverse effects from overzealous phosphate 
administration include iatrogenic hypocalcemia and its associ¬ 
ated neuromuscular signs, hypernatremia, hypotension, and 
metastatic calcification. The serum total (or preferably ion¬ 
ized) calcium concentration should be measured at the same 
time as the serum phosphorus concentration, and the rate of 
phosphate infusion should be decreased if hypocalcemia is 
identified. Phosphorus supplementation is not indicated in 
dogs and cats with hypercalcemia, hyperphosphatemia, olig¬ 
uria, or suspected tissue necrosis. If renal function is in ques¬ 
tion, phosphorus should not he supplemented until the status 
of renal function and the serum phosphorus concentration 

are known. 

Magnesium Supplementation 

Hypomagnesemia is common in dogs and cats with DKA; it 
often worsens during the initial treatment of DKA but resolves 
without treatment as the DKA resolves. 42 Clinical signs of 
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renal and gastrointestinal loss. 
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a conservative dose is given over a 6- hour period. 
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ben eh ts of fluid therapy to begin to be realized before the 

glucose-, potassium-, and phosphorus-lowering effects of 

insulin therapy commence. The question is how long to delay 

insulin therapy. The author typically delays insulin therapy for 

a minimum of 1 to 2 hours. Additional delays and decisions on 

the initial dosage of insulin are based on the serum electrolyte 

results. If the serum potassium concentration is within the 

normal range after 2 hours of fluid therapy, the author begins 

insulin treatment as described below. If hypokalemia persists, 

insulin therapy can be delayed an additional 1 to 2 hours to 

allow' fluid therapy to replenish potassium 

insulin dose can be reduced to dampen the intracellular shift 
of potassium 

hypokalemia, the more inclined the author is to delay insulin 

therapy and to reduce the initial insulin dose. However, 

insulin therapy should always be started within 4 hours of 
initiation of fluid therapy. 

Insulin protocols for the treatment of DKA include the 
hourly intramuscular (IM) technique, the continuous low- 
dose IV infusion technique, and the intermittent IM then sub¬ 
cutaneous [SC] technique. All three routes of insulin 
administration (IV, IM, SC) are effective in decreasing the 
plasma glucose and ketone concentrations. Successful 
agement of DKA does not depend on the route of insulin 
administration; rather, it depends on proper treatment of each 
disorder associated with DKA. 


Delaying administration of insulin delays correction of the 
ketoacidotic state. 


Constant low-dose insulin infusion techniq 

intravenous infusion of regular crystalline insulin is also effec¬ 
tive at decreasing blood glucose concentrations. The infusion 
is prepared by adding regular crystalline insulin (2,2 U/kg for 
dogs; IT U/kg for cats) to 250 mL of 0.9% saline; it initially 
is administered at a rate of 10 mL/hr in a line separate from 
that used for fluid therapy, 44 This provides an insulin infusion 
rate of 0.05 U/kg/hr in cats and 0.1 U/kg/hr in dogs, a rate 
that has been shown to produce plasma insulin concentra¬ 
tions between 100 and 200 pU/mL in dogs. Because 
insulin adheres to glass and plastic surfaces, approximately 
50 mL of the insulin-containing fluid should be run through 
the drip set before it is administered to the animal. The rate 
of insulin infusion can be reduced for the initial 2 to 3 hours 
if hypokalemia is a concern. Tw'o separate catheters 
recommended for treatment; a peripheral catheter for insulin 
administration and a central catheter for fluid administration 
and blood sampling. An infusion or syringe pump should be 
used to ensure a constant rate of insulin infusion, 

are based on hourly mea¬ 
surements of the blood glucose concentration; an hourly 

decline of 50 mg/dL in the blood glucose concentration 

ideal. 4 ^ Once the blood glucose concentration approaches 

250 mg/dL, the insulin infusion can be discontinued, and 

regular insulin can be given intramuscularly every 4 to 6 hours 

if the hydration status is good, subcutaneously every 6 to 

8 hours, as discussed for the hourly IM protocol. Alternatively 

the insulin infusion can be continued (at a decreased rate to 

prevent hypoglycemia) until the insulin preparation is 

exchanged for a longer acting product, Dextrose should be 

added to the IV fluids once the blood glucose concentration 

approaches 250 mg/dL, as discussed in the section on the 
hourly IM insulin technique. 


ue Constant 


, or the initial 


and phosphorus. The more severe the 
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Adjustments in the infusion rate 


man- 
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Hourly intramuscular insulin technique Dogs and 
with severe DKA should 


cats 

receive an initial regular crystalline 
insulin loading dose of 0,2 U/kg, followed by 0,1 U/kg every 

hour thereafter. The insulin dose can be reduced by 25% to 
$0% for the first two or three injections if hypokalemia is a 
concern. The insulin should be administered into the muscles 
of the rear legs to ensure that the injections are intramuscular 
and not going into fat or subcutaneous tissue. Dilution of 
regular insulin 1:10 with sterile saline and the use of 0,3 mL 
IT00 insulin syringes are helpful when small doses of insulin 
required. The blood glucose concentration should be 
measured every hour w r ith a point-of-care chemistry analyzer 
or portable blood glucose monitoring device, and the insulin 
dosage should be adjusted accordingly. The goal of initial 
insulin therapy is to lower the blood glucose concentration 
slowly to the range of 200 to 250 mg/dL, preferably 

6- to 10-hour period; an hourly decline of 50 mg/dL is ideal, 45 
This provides a steady, moderate decline and avoids large 
shifts in osmolality. A declining blood glucose concentration 
also ensures that lipolysis and the supply of FFAs for ketone 
production have been effectively turned off. Glucose concen¬ 
trations, however, decrease much more rapidly than do ketone 
levels. In general, hyperglycemia is corrected within 12 hours, 
but ketosis often takes 48 to 72 hours to resolve. 

Once the initial hourly insulin therapy brings the blood 
glucose concentration near 250 mg/dL, hourly administration 
of regular insulin should be discontinued, and regular insulin 
should be given intramuscularly every 4 to 6 hours or, if the 
hydration status is good, subcutaneously every 6 to 8 hours. 
The initial dosage is usually 0.1 to 0.3 U/kg, with subsequent 
adjustments based on blood glucose concentrations. In addi¬ 
tion, at this point the intravenous infusion solution should 
have enough 50% dextrose added to create a 5% dextrose 
solution (100 ml of 50% dextrose added to each liter of 
fluids).The blood glucose concentration should be maintained 
between 150 and 300 mg/dL until the animal is stable and 
eating. Usually a 5% dextrose solution is adequate for 
tabling the desired blood glucose concentration. If the blood 
glucose concentration dips below' 150 mg/dL or rises above 
300 mg/dL, the insulin dosage can be lowered or raised 
accordingly. Dextrose helps minimize problems w r ith hypo¬ 
glycemia and allows insulin to be administered on schedule. 


or, 


are 


Intermittent intramuscular/subcutaneous techniq 

The intermittent IM then SC insulin technique is less labor 
intensive than the other insulin administration techniques, hut 
the decrease in blood glucose can be rapid and the risk of 
hypoglycemia is greater. The initial regular crystalline insulin 
dose is 0.25 U/kg given intramuscularly every 4 hours. 
Usually, insulin is administered intramuscularly only 
twice. Once the animal is rehydrated, subcutaneous adminis¬ 
tration is substituted for intramuscular administration, and 
insulin is given every 6 to 8 hours. Subcutaneous administra¬ 
tion is not recommended initially because of problems wdth 
insulin absorption from subcutaneous sites of deposition in a 
dehydrated dog or cat. The dosage of IM or SC insulin is 
adjusted according to the blood glucose concentrations, which 
initially should be measured hourly beginning w T ith the first 
IM injection. An hourly decline of 50 mg/dL in the blood 
glucose concentration is ideal. 45 Subsequent insulin dosages 
should be decreased by 25% to 50% if this goal is exceeded. 

Dextrose should be added to the IV fluids once the blood 

glucose concentration approaches 250 mg/dL, as discussed in 
the section on the hourly IM insulin techniq 


ue 


over a 


once or 
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Initiation of longer acting insulin Longer acting insulin 
(e.g., NPH, Lente, protamine zinc insulin [FZI]) should not be 
administered until the dog or cat is stable, eating, maintaining 
fluid balance without any intravenous infusions, and no longer 
aeidotic, azotemic, or electrolyte deficient. The initial dose of 
these longer acting insulins is similar to the regular insulin 
dose used just before the switch is made to longer acting 
insulin. Subsequent adjustments in the longer acting insulin 
dose should be based on the clinical response and measure¬ 
ment of blood glucose concentrations. 
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glucose values. Urine ketone concentrations should also be 
monitored. If the hlood glucose concentration is well con¬ 
trolled, blood and urine ketone concentrations fall. Although 
the time until resolution of ketonuria is quite variable, most 
dogs and cats are negative tor urine ketones within 3 to 5 days 
of initiation of three times a day regular crystalline insulin 
therapy. However, some dogs and cats require several weeks of 
regular crystalline insulin treatment before excessive hepatic 
production of ketones resolves. Prolonged ketonuria or recur¬ 
ring bouts of ketonuria are suggestive of a concurrent illness 
that is causing insulin resistance or ot hyperglucagonemia, or 
both. Once the ketonuria has resolved, the dog or cat is stable, 
and control o i glycemia is acceptable, a switch to a longer 
acting insulin preparation administered twice a day can be tried. 


Concurrent Illness 

Therapy for DKA frequently involves the management of 
concurrent, often serious 
illnesses in dogs and cats with DKA 
pancreatitis, bacterial infection, cholangiohepatitis, renal 
insufficiency, cardiac disease, and insulin antagonism induced 
by hormonal disorders, most notably iatrogenic or naturally 
developing hyperadrenocorticism and diestrusT Modifications 
in therapy for DKA (e g* ? fluid therapy with concurrent heart 
failure) and/or additional therapy (e g,, antibiotics] may be 
required, depending on the concurrent illness. Insulin therapy, 
however, should never be delayed or discontinued; resolu¬ 
tion of ketoacidosis can 
therapy. If nothing is to be given by mouth, insulin therapy 
should be continued and the blood glucose concentration 
maintained with intravenous dextrose infusions. If concurrent 
insulin-antagonistic disease is present, correction of the dis- 

while the animal is still ill may be necessary' to improve 
insulin effectiveness and resolve the ketoacidosis. 
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illness. Common concurrent 

are acute and chronic 
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be obtained only through insulin 


THERAPY FOR THE NONKETOTIC 
DIABETIC PATIENT 


Goals of Therapy 

The primary' goal of therapy is elimination of the owner- 
observed signs that occur secondary to hyperglycemia and 
glycosuria. Persistence of clinical signs and the development ot 
chronic complications (Box 241-5) directly correlate with the 
severity and duration o! hyperglycemia. Limiting blood glucose 
concentration fluctuations and maintaining near-normal 
glycemia helps both to minimize the severity of clinical signs 
and to prevent the complications of poorly controlled diabetes. 
In the diabetic dog and cal, this can be accomplished through 
proper insulin therapy, diet, exercise, oral hypoglycemic medi¬ 
cations, and the prevention or control of concurrent inflamma¬ 
tory, infectious, neoplastic, and hormonal disorders. 

Although it is worthwhile to attempt to normalize the 
blood glucose concentration, the veterinarian must also guard 
against the development of hypoglycemia, a serious and 
potentially fatal complication of therapy. Hypoglycemia is 
most apt to occur as the result of overzealous insulin therapy. 
The veterinarian must balance the benefits of tight glucose 
control obtainable with aggressive insulin therapy against the 
risk of hypoglycemia. 


Complications of Therapy for Diabetic Ketoacidosis 
Complications induced by therapy for DKA are common and 
usually result from overly aggressive treatment, inadequate 
patient monitoring, and failure to re-evaluate biochemical 
parameters in a timely manner, DKA is a complex disorder 
w'ith a high mortality rate if it is improperly managed To min¬ 
imize the occurrence of therapeutic complications and to 
improve the chance of a successful response to therapy, all 
abnormal parameters must be slowly moved toward normal 
(i.e., over 36 to 48 hours); the animal s physical and mental 
status must be evaluated frequently (at least three to four 
times daily); and biochemical parameters (e g., blood glucose, 

electrolytes, blood gases) must be evaluated in a timely 
fashion. During the initial 24 hours, the blood glucose con¬ 
centration should be measured every 1 to 2 hours and the 

electrolytes and blood gases every 6 to 8 hours. Fluid, 

insulin, and bicarbonate therapies typically require modifica¬ 
tion three or four times during the initial 24 hours of therapy. 
Failure to recognize changes in the status of DKA and to 
respond accordingly can lead to potentially serious complica¬ 
tions. The more common complications are hypoglycemia, 
CNS signs secondary to cerebral edema, severe hypernatremia 
and hyperchloremia, severe hypokalemia, and hemolytic 
anemia from hypophosphatemia. 


serum 


serum 


Box 

Complications o f Diabetes Mellitus in Dogs 

and Cats 


241-5 


THERAPY FOR THE HEALTHY DIABETIC 
KETOACIDOTIC PATIENT 


Common 

Iatrogenic hypoglycemia 

Persistent polyuria, polydipsia, and weight loss 

Cataracts (dog) 

Bacterial infections, especially in the urinary tract 

Pancreatitis 

Ketoacidosis 

Hepatic lipidosis 

Peripheral neuropathy (cat) 


Diabetic dogs and cats that have ketonuria but not metabolic 
acidosis (i.e,, diabetic ketosis) are often relatively healthy 
aside from the typical clinical signs of uncontrolled diabetes 
mellitus. Diabetic ketosis may be identified in newly diag¬ 
nosed diabetic dogs and cals or in diabetic dogs and cats being 
treated with insulin. Identification of ketonuria in insulin- 
treated diabetic dogs and cats indicates that insulin treatment 
has become ineffective, usually because of a problem with the 
insulin treatment regimen or because a concurrent disorder 
has developed that causes insulin resistance, or both. The 
author typically treats dogs and cats with diabetic ketosis and 
no systemic signs of illness with short-acting regular crys¬ 
talline insulin administered subcutaneously every 8 hours 
until ketonuria resolves. Because regular crystalline insulin is a 
potent insulin, the initial dose (0.1 to 0.2 U/kg per injection) 

is lower than that recommended for longer acting insulin 
preparations. To minimize hypoglycemia, the dog or cat 
should be fed one third of its daily caloric intake at the time 
of each insulin injection Subsequent adjustments in the 
insulin dose are based on the clinical response and blood 


Uncommon 

Peripheral neuropathy (dog) 
Glomerulonephropathy, glomerulosclerosis 

Retinopathy 

Exocrine pancreatic insufficiency 
Gastric paresis 
Diabetic diarrhea 
Diabetic dermatopathy (dog) 
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Initial Insulin Therapy in Dogs 

Once the diagnosis of diabetes has been established, dogs 
should be considered to have IDDM and treatment with 
insulin should be initiated. Intermediate-acting insulin (i.e., 
NPH, Lente] is the initial insulin of choice For establishing 
control of glycemia in diabetic dogs (Table 241-2). 
Recombinant human source insulin should be used to mini¬ 
mize the development of anti-insulin antibodies, which 
interfere with control of glycemia. insulin therapy is begun 
with recombinant human NPH or Lente insulin at an approx¬ 
imate dosage of 0,25 U/kg given twice a day. Dietary therapy 
is initiated concurrently (see below). Because the overwhelm¬ 
ing majority of diabetic dogs require NPH or Lente insulin 
twice a day, we prefer to start with twice daily insulin ther¬ 
apy. 4e Establishing control of glycemia is easier and problems 
with hypoglycemia and the Somogyi effect (see Insulin 
Overdosing and Glucose Counter-Regulation [Somogyi 
Phenomenon] f are less likely when twice daily therapy is 
initiated while the insulin dosage is low (i.e., at the time 
insulin treatment is initiated). 


and experience. Currently, the author recommends either 
Lente insulin of recombinant human origin or PZI of 
beef/pork origin at a dosage of 1 to 2 U per cat administered 
twice daily. Dietary therapy is initiated concurrently (see 
belowty Although the amino acid sequences of human and 
feline insulin differ, prevalence of insulin antibodies causing 
problems with control of glycemia is uncommon in cats 
treated with recombinant human insulin. Because greater 
than 80% to 90% of diabetic cats require recombinant human 
Lente insulin or beef/pork PZI twice a day, the author prefers 
to start with twice a day insulin therapy. Establishing control 
of glycemia is easier and problems with hypoglycemia and the 
Somogyi effect are less likely w r hen twice daily insulin therapy 
is initiated while the insulin dosage is low r (i.e., at the time 
insulin treatment is initiated). 

Insulin glargine (Lantus; Aventis Pharmaceuticals, 
Bridgewater, New Jersey) is a long-acting insulin analog that 
forms microprecipitates at the site of injection, from which 
small amounts of insulin glargine are slowly released. Insulin 
glargine is currently recommended as a basal insulin (i.e., 
sustained long-acting insulin to inhibit hepatic glucose pro¬ 
duction) administered once a day at bedtime in human dia¬ 
betics. 4 ^ 49 In a prelim inary study involving healthy cats, most 
of the pharmacokinetic and pharmacodynamic properties 
were similar for insulin glargine and PZI. 5 ^ Similar studies in 
diabetic cats have yet to be reported. In the author's experi¬ 
ence, insulin glargine has a duration of effect ranging from 10 
to 16 hours in most diabetic cats. The author has not vet 
encountered problems with inadequate absorption of insulin 
glargine, as described with Ultralente insulin, although it 

seems likely that this problem will be encountered 
ence 


may 


Initial Insulin Therapy in Cats 

Diabetic cats are notoriously unpredictable in their response 
to exogenous insulin. No single type of insulin is routinely 
effective in maintaining control of glycemia, even with twice 
a day administration. LUtralente insulin is the longest acting 
but least potent of the commonly used commercial insulins. 
Although considered a long-acting insulin, Ultralente insulin 
must be administered twice a day in most diabetic cats, and its 
absorption is inadequate for controlling glycemia in approxi¬ 
mately 25% of cats. PZI is a longer acting insulin that is more 
consistently absorbed than Ultralente insulin and that has a 

acceptable duration of effect than NPH insulin. 
However, the timing of the glucose nadir is quite variable and 
occurs within 9 hours of PZI administration in greater than 
80% of treated diabetic cats. 47 The author routinely adminis¬ 
ters PZI twice a day, Lente and NPH insulin are more potent 
insulin preparations that 


as expen- 

with this insulin analog accumulates. Currently, the 
author considers using insulin glargine when other insulin 
types are ineffective at controlling glycemia. 


more 


Storage and Dilution of Insulin 

Freezing and heat inactivate insulin in the bottle. Although 
"room temperature” does not inactivate insulin, the author 
instructs owners to store insulin in the door of the refrigerator 
to maintain a consistent environment for the insulin 


are more consistently and rapidly 
absorbed after subcutaneous administration than is Ultralente 
insulin. Unfortunately, the duration of effect for Lente and 
especially NPH insulin can be considerably shorter than 
12 hours in some diabetic cats, resulting in inadequate control 
of glycemia despite twice daily administration. 

It is not possible to predict wfiich type of insulin will wr>rk 
best in individual diabetic cats. The initial insulin of choice 
ultimately is based on the veterinarian s personal preference 


prepara¬ 
tion. Some veterinarians advocate replacing the insulin with a 

new r bottle every month to avoid problems with loss of activ¬ 
ity or sterility. TTie author has not appreciated a clinically sig¬ 
nificant loss of insulin action with time w'hen insulin 
preparations are maintained in a constant environment (i.e., 
refrigerator) and handled appropriately. The author does not 


Table 241-2 


Properties of Recombinant Human Insulin Preparations Used in Diabetic Dogs and Cats* and of Beef/Pork 
Protamine Zinc Insulin (PZI) Used in Diabetic Cats 


TIME OF MAXIMUM EFFECT 
POST INSULIN-ADMINISTRATION (hr) 

DOC 


ROUTE OF 
ADMINISTRATION 


ONSET OF 

EFFECT 


DURATION OF EFFECT (hr) 


INSULIN TYPE 


CAT 


DOC 


CAT 


Regular crystalline 


Intravenous 

Intramuscular 

Subcutaneous 

Subcutaneous 

Subcutaneous 

Subcutaneous 

Subcutaneous 


Immediate 
10-30 min 
10-30 min 

1/2-2 hr 

V2-2 hr 
V 2-8 hr 
V 2-4 hr 


1 / 2-2 


V2-2 


1-4 


1-4 


1-4 


1-4 


3-8 


3-8 


1-5 


1-5 


4-10 


4-10 


NPH 5 

Lentett 

Ultralente 


2-10 


2-8 


6-18 


4-12 


2-10 


2-10 


8-20 


6-18 


4-16 


4-16 


8-24 


6-24 


PZit 


4-14 


6-20 


"Purified pork insulin has similar properties; beef/pork insulin mixtures are less 
recombinant human insulins. 

1 1nitial insulin of choice for the diabetic dog. 

Initial insulin of choice for the diabetic cat. 


potent and may have a longer duration oi action than 


CHAPTER 241 * Diabetes Mellitus 


1577 


becoming available. The amount of fiber varies considerably 
among products, ranging from 3% to 25% of dry matter ( normal 
diets contain less than 2% fiber on a dry matter basis]. In gen¬ 
eral, diets containing 12% or more insoluble fiber or 8% or more 
of a mixture of soluble and insoluble fiber are most likely to be 
effective in improving glycemic control in diabetic dogs. 

Common complications oi Feeding high-fiber diets 
include excessive frequency of defecation (insoluble fiber); 
constipation and obstipation (insoluble fiber); soft to watery 
stools (soluble fiber); excessive flatulence (soluble fiber); hypo¬ 
glycemia 1 to 2 weeks after the increase in the fiber content of 
the diet; and refusal to eat the diet. If firm stools or constipa¬ 
tion becomes a problem with diets high in insoluble fiber, a 
mixture of insoluble and soluble fiber diets can be fed, or sol¬ 
uble fiber (e.g., psyllium, canned pumpkin) can be added to 
the diet to soften the stool Alternatively, if soft or watery diar¬ 
rhea or flatulence becomes a problem with diets containing 
soluble fiber, an insoluble fiber diet can be added and the quan¬ 
tity of the soluble fiber diet decreased. Problems w f ith paiata- 

usuallv the result of too rapid a switch from the dog's 
usual diet to the high-fiber diet or of boredom after the fiber 
diet has been consumed for several months. Periodic changes 
in the types of high-fiber diets and mixtures of diets help alle¬ 
viate the problem with boredom. High-fiber diets should not be 
fed to thin or emaciated diabetic dogs until control of glycemia 
has been established and a normal body vceight attained using a 
higher calorie dense, lower fiber diet designed for maintenance, 

Bi 

Dietary Recommendations for Diabetic Cats 
The general principles for dietary therapy are similar for dogs 
and cats. Correction of obesity and minimization of the diet's 
impact on the postprandial blood glucose concentration 
especially important. Obesity is common in diabetic cats and 
results from excessive caloric intake, typically caused by free- 
choice feeding of dry cat food. Obesity causes reversible 
insulin resistance, which resolves as weight is lost. 26 ^ Control 
of glycemia often improves and some diabetic cats may revert 

subclinical diabetic state after weight reduction. 
Unfortunately, correction of obesity is difficult in cats because 
it requires restriction of daily caloric intake with a minimal 
corresponding increase in caloric expenditure (i.e., exercise). 
Although several diets are available that have been specifically 
formulated for weight reduction in cats, diets containing 
increased amounts of fiber or protein should be used in the 

diabetic cat for reasons discussed below. 

During the past decade, high-fiber, moderately fat 
restricted diets (e.g. t Prescription Diet w/d, Hill s Pet Products, 
Topeka, KS) have been recommended for diabetic cats based 
studies that documented a significant improvement in 
glycemic control when diabetic cats consumed a canned 
insoluble fiber (cellulose) diet. 5 * Recently, dietary recommen¬ 
dations for diabetic cats have come under scrutiny, in part 
because of the seemingly increasing prevalence of obesity, 
chronic pancreatitis, and inflammatory bowel disease in cats 
during the past decade. Cats are carnivores and as such have 
higher dietary protein requirements than omnivores such as 
humans and dogs. 54 The activity of hepatic enzymes responsi¬ 
ble for the phosphorylation of glucose for subsequent storage 
oxidation (glucokinase, hexokinase) and the conversion ol 
glucose to glycogen for storage in the liver (glycogen syn¬ 
thetase) are lower in cats compared with that ior carnivores 
with omnivorous dietary habits. ^ The low' activity of these 
hepatic enzymes suggests that cats primarily use gluco¬ 
neogenic amino acids and fat, rather than starch, in their diet 
for energy; it also suggests that diabetic cats may be pre¬ 
disposed to developing higher postprandial blood glucose 
concentrations after consumption of diets with a high carbo¬ 
hydrate load and vice versa.Two carbohydrate-restricted diets 
that have been recommended for diabetic cats are Purina DM 


routinely recommend purchasing a new bottle of insulin every 
month, especially if the diabetic dog or cat is doing w ell. Loss 
of insulin activity in the bottle should always be considered 
whenever clinical signs recur, regardless of the amount of 

insulin in the bottle. 

Dilution of insulin is a common practice, especially in cats 
and small dogs. Although studies evaluating the shelf-life of 
diluted insulin have not been published, the author recommends 
replacing diluted insulin preparations every 4 to 8 weeks. Even 
using these guidelines, insufficient amounts of insulin 
administered when diluted insulin is used in some dogs and 
cats, despite appropriate dilution and insulin administration 
techniques; these inadequacies are corrected when full- 
strength insulin is used. 

Initial Adjustments in Insulin Therapy 

Diabetic dogs and cats require several days to equilibrate to 
changes in the insulin dosage or preparation. Therefore newly 
diagnosed diabetic dogs and cats are typically hospitalized for 
no more than 24 to 48 hours so that the diagnostic evaluation 

be finished and insulin therapy begun. During hospital¬ 
ization, blood glucose concentrations typically are determined 
at the time insulin is administered and at 1 1 am, 2 PM, and 
5 PM, The intent is to identify hypoglycemia (blood glucose 
concentration less than 80 mg/dL) in those dogs and cats that 
unusually sensitive to the actions of insulin. If hypo¬ 
glycemia occurs, the insulin dosage is decreased be!ore the 
dog or cat is sent home. The insulin dosage is not adjusted in 
dogs and cats that remain hyperglycemic during these first 
few days of insulin therapy. The objective during this first visit 

to establish perfect glycemic control before sending the 
dog or cat home; rather, the objectives are to begin to reverse 
the metabolic derangements induced by the disease, to allow 
the dog or cal to equilibrate to the insulin and change in diet, 
to teach the owner how to administer insulin, and to give the 

few days to become accustomed to treating the dia¬ 
betic dog or cat at home. Adjustments in insulin therapy are 
made on subsequent evaluations, which typically occur once a 
week until an effective insulin treatment protocol has been 

identified. 
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Dietary Recommendations for Diabetic Dogs 

Adjustments in diet and feeding practices should be directed 
at correcting or preventing obesity, maintaining consistency in 
the timing and caloric content of meals, and furnishing a diet 
that helps minimize the postprandial increase in the blood 
glucose concentration. Correcting obesity and increasing the 
fiber content of the diet are perhaps the two most beneficial 
steps that can be taken to improve control of glycemia. 
Obesity can cause impaired glucose tolerance in dogs and may 
be an important factor in the variation in response to insulin 
therapy. Weight reduction improves glucose tolerance in 
obese dogs, presumably by correcting obesity-induced insulin 

Successful weight reduction usually requires a 
combination approach involving restriction of caloric intake, 
the feeding of low-calorie dense diets, and an increase in 

caloric expenditure through exercise. 

Diets containing an increased fiber content are beneficial 
for improving control of glycemia in diabetics - 152 The ability 
of the food fiber to form a viscous gel and thus impair con¬ 
vective transfer of glucose and water to the absorptive surface 
of the intestine appears to be of greatest importance in slow¬ 
ing intestinal glucose absorption. The more viscous soluble 
fibers (e.g. r gums, pectin) slow glucose diffusion to a greater 
degree than do the less viscous insoluble fibers (e.g. f lignin, 
cellulose) and as such are believed to be of greater benefit in 
improving control of glycemia. Most commercial high-fiber 
diets predominantly contain insoluble fiber, although diets 

of soluble and insoluble fiber are 
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or 


containing mixtures 
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(Ralston Purina, St. Louis, Missouri) and Science Diet Feline 
Growth (Hill's Pet Products, Topeka, KSJ.'Wtf? Purina DM is a 
High-protein, low-carbohydrate, low-fiber diet, and Science 
Diet Growth is a high-fat, low-carbohydrate, low-fiber diet 
The central theme in dietary studies in diabetic cats has 
been restriction of carbohydrate absorption by the gastro¬ 
intestinal tract, by inhibiting starch digestion (acarbose), 
inhibiting intestinal glucose absorption (fiber), or decreasing 
carbohydrate ingestion (low-carbohydrate diets). Intuitively, 
the most effective means of minimizing gastrointestinal 
absorption of carbohydrates in the diabetic cat is to feed diets 
that contain minimal amounts of carbohydrate The beneficial 
role in the control of glycemia, if any, of the high protein or 
high fat content of current carbohydrate-restricted diets is not 

yet known. It is also not known what effect, if any, a high pro¬ 
tein intake may have on the development of ketosis or dia¬ 
betic nephropathy, the induction of satiety, or maintenance of 
a stable body weight. Similarly, it is not known what effect, if 
any, a high fat intake may have on the development of obesity, 
hepatic lipidosis, and chronic pancreatitis or the induction of 
insulin resistance and increased hepatic glucose production 
secondary to the generation of nonesterified fatty acids, beta 
hydroxybutvric acid, and hypertriglyceridemia, especially in 

older cats that may have decreased lipoprotein and hepatic 
lipase activity.®-** For now, all three diets are considered 
viable choices for the management of diabetes in cats. Which 
diet will be most beneficial at improving control of glycemia 
in any given diabetic cat is unpredictable. As such, the initial 
diet of choice is based on the veterinarian s personal prefer¬ 
ences and experience. If palatability or adverse effects become 

or if poor control of glycemia persists despite adjust¬ 
ments in insulin therapy, a switch to one of the other diets 
should be considered. 


glucose transport systems. Loss of tissue responsiveness results 
\n insulin resistance, which may be mild and easily overcome 
by increasing the dosage of insulin, or may be severe, causing 
sustained and marked hyperglycemia regardless of the type 
and dosage of insulin administered. Some causes of insulin 
resistance are readily apparent at the time diabetes is diag¬ 
nosed, such as obesity and the administration of insulin- 
antagonistic drugs (eg., glucocorticoids). Other causes of 
insulin resistance may not be readily apparent, and identific 
tion of these causes may require an extensive diagnostic eval¬ 
uation. In general, any concurrent inflammatory, infectious, 
hormonal, or neoplastic disorder can cause insulin resistance 
and can interfere with the effectiveness of insulin therapy. 
Identification and treatment of concurrent disease plays 
integral role in the successful management of the diabetic dog 
and cat, A thorough history and physical examination and a 

complete diagnostic evaluation are imperative in the newly 
diagnosed diabetic dog or cat. 


a- 


an 


Oral Hypoglycemic Drugs 

In the United States, five classes of oral hypoglycemic drugs 
have been approved for the treatment of NIDDM in human 
beings: sulfonylureas, meglitinides, biguanides, thiazolidine- 
diones, and alpha-glucosidase inhibitors. These drugs work by 
stimulating pancreatic insulin secretion (sulfonylureas, megli¬ 
tinides), by enhancing tissue sensitivity to insulin (biguanides, 
th 1 a zoli dined! ones), or by slowing postprandial intestinal glu- 

absorption (alpha-glucosidase inhibitors). 65 Although 
controversial, chromium and vanadium are trace minerals that 
may also function as insulin sensitizers. Studies have docu¬ 
mented the efficacy of sulfonylureas for treating diabetes in 
cats 4 * 66 and of alpha-glucosidase inhibitors for improving 
glycemic control in diabetic dogs (see below), 67 66 The phar¬ 
macokinetic properties of the insulin-sensitizing drugs met¬ 
formin (a biguanide) and troglitazone (a thiazolidinedione) 
have been evaluated in healthy c ats, 69 ■ 7t> U n fortu n a te I y, in one 
study metformin was ineffective as a sole therapeutic agent 

a small number of newly diagnosed diabetic cats and was dis¬ 
continued 


cose 


an issue 


Exercise 


Exercise plays an important role in the maintenance of 
glycemic control by helping to promote weight loss and by 
eliminating the insulin resistance induced by obesity. Exercise 
also exerts a glucose-lowering effect by increasing the absorp¬ 
tion of insulin from its injection site, increasing blood flow 
(and therefore insulin delivery) to exercising muscles, stimu¬ 
lating translocation of glucose transporters in muscle cells, and 
increasing glucose effectiveness (he,, the ability of hyper¬ 
glycemia to promote glucose disposal at basal insulin 
trations). 61 - 62 The daily routine for diabetic dogs should include 

exercise, preferably at the same time each day. Strenuous and 
sporadic exercise can 


in 


in most because of progressively worsening clinical 
signs or the development of ketoacidosis. 71 The only cat that 
responded to metformin had a fasting serum insulin concen¬ 
tration greater than 20 pU/mL, a finding consistent with the 
concept that metformin as an insulin-sensitizing drug is effec¬ 
tive only in the presence ol adequate blood concentrations of 
insulin. Similarly, oral chromium picolinate was ineffective in 
improving control of glycemia in a group of insulin-treated 
diabetic dogs. - Studies evaluating the efficacy of thiazo- 

lidinediones for the treatment of diabetes in dogs or cats have 
yet to be reported. 


concen- 


cause severe hypoglycemia and should 
be avoided. The insulin dose should be decreased in dogs 
subjected to sporadic, strenuous exercise on days of antici¬ 
pated increased exercise. The reduction in the insulin dose 
required to prevent hypoglycemia is variable and is deter¬ 
mined by trial and error The author recommends reducing 
the insulin dose by 50% initially and making further adjust¬ 
ments based on the occurrence of symptomatic hypoglycemia 
and the severity of polyuria and polydipsia that develop 
during the ensuing 24 to 48 hours. In addition, owners must 
be aware ol the signs of hypoglycemia and must have a source 

of glucose readily available to give their dog should any of 
these signs develop. 


Sulfonylureas Glipizide and glyburide are the sulfony¬ 
lureas most commonly used to treat NIDDM. The primary 
effect of these drugs is direct stimulation of insulin secretion 
from the pancreas. * Some pancreatic insulin secretory capa¬ 
bility must exist for sulfonylureas to be effective in improving 
glycemic control. Sulfonylurea treatment is ineffective as the 
sole lorm of treatment lor 1DDM and has not been effective 
in diabetic dogs, presumably because of the high incidence of 
IDDM in this species. The clinical response to glipizide and 
glyburide treatment in diabetic cats is variable, ranging from 
excellent (i.e., blood glucose concentrations decreasing to less 

than 200 mg/dL) to a partial response (i.e,, clinical improve¬ 
ment but failure to resolve hyperglycemia), to no response. 4 
Presumably, the population of functioning beta cells dictates 
the clinical response; that is, variation from an absence of 
functioning beta cells (severe IDDM) to a near-normal popu¬ 
lation oi beta cells (mild NIDDM) results in a response range 
of none to excellent. Cats with a partial response to glipizide 
have some functioning beta cells but not enough to reduce the 


Identification and Control of Concurrent Problems 

Concurrent diseases and administration of insulin-antagonistic 
drugs are both commonly identified in the dog and cat with 
newly diagnosed diabetes mellitus. 63 ^ Concurrent disease 

and insulin-antagonistic drugs 

responsiveness to insulin as a result of a decreased number of 
insulin receptors at the surface of the cell membrane, alter¬ 
ations in insulin receptor binding affinity, or impairment in one 
of several postreceptor steps responsible for the 


interfere with tissue 


can 


activation of 
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the veterinarian. However, glipizide gives many owners an 
initially more palatable option (i.e., pills versus injections] lor 
the treatment of their newly diagnosed diabetic cat. Most 
owners who are unwilling to give insulin injections would 
euthanize their cat. Many of these people are willing to try 
oral medication. During the ensuing weeks, many of these 
owners become willing to try insulin injections if glipizide 
therapy fails. In the author s opinion, the real advantage of 
glipizide is that it keeps more diabetic cats alive by giving the 
owner treatment options in lieu of insulin injections and 
by not forcing a quick life-and-death decision at the time 
diabetes is diagnosed. 

AIpha-Glucosidase Inhibitors 

Acarbose and mightol are complex oligosaccharides of micro¬ 
bial origin that competitively inhibit alpha-glucosidases (glu- 
coamylase, suerase, maltase, and isomaltase) in the brush 
border of the small intestinal mucosa. Inhibition of these 
enzymes delays digestion of complex carbohydrates and dis¬ 
accharides to monosaccharides. This inhibition delays absorp¬ 
tion of glucose from the intestinal tract and decreases 
postprandial blood glucose concentrations. Placebo-controlled 
clinical studies in healthy dogs documented a decrease in 
postprandial glucose absorption and insulin secretion when 
the dogs were treated with acarbose, compared with placebo, 
A decrease in the daily insulin dose and the blood glucose and 
glycated protein concentrations were documented in diabetic 
dogs treated with acarbose, compared with placebo. 
Unfortunately, diarrhea and weight loss as a result of carbo¬ 
hydrate maiassimilation were common adverse effects, occur¬ 
ring in approximately 35% of dogs. Diarrhea was more 
prevalent at higher doses of acarbose (Le., IDO and 200 mg/ dog) 
and typically resolved within 2 to 3 days of discontinuation of 
the medication. Because of the cost and prevalence of adverse 
effects, acarbose should be reserved for treatment of poorly 
controlled diabetic dogs in which the cause of the poor 
control of glycemia cannot be identified and insulin treatment 
by itself is ineffective at preventing clinical signs oi diabetes. 
The initial acarbose dosage is 12,5 to 25 mg per dog at each 

meal The benefit of this drug depends on its interaction with 
the meal; it should be given only at the time of feeding, 
A stepwise increase to 50 mg/dog and, in large dogs (greater 
than 25 kg), a further increase to 10U mg/dog can be consid¬ 
ered in dogs that fail to show improvement in control of 
glycemia after 2 weeks on the 12,5 to 25 mg/meal regimen. 
Adverse reactions (especially diarrhea) are more likely to 
occur at these higher doses. 


blood glucose concentration to less than 200 mg/dL. These 
cats may have severe N1DDM or the early stages of 1DDM. 

No consistent parameters have been identified that allow 
the clinician to prospectively determine which cats 
respond to glipizide or glyburide therapy. Identification of 
high preprandial serum insulin concentration 

nsulin concentration during an insulin secreta- 




w i 11 




or an increase in 


the serum 

gogue test supports a diagnosis of N1DDM, but failure to 
identify these changes does not rule out the potential lor a 
beneficial response to glipizide or glyburide. Selection of dia¬ 
betic cats for treatment with glipizide must rely heavily on 
the veterinarian s assessment of the cat's health, the severity 
of clinical signs, the presence or absence of ketoacidosis, other 
diabetic complications (e g., peripheral neuropathy), and the 

owner's desires. 

Currently, the author administers glipizide (Glucotrol; 
Pfizer, New- York, NY] at a dosage of 2.5 mg per os twnce a day 
conjunction with a meal , to diabetic cats that are nonketotic 
and relatively healthy on physical examination (Figure 241-6). 
The history and complete physical examination findings; body 
weight and urine glucose/ketone measurements; and several 
blood glucose concentrations are evaluated 2 weeks after initia¬ 
tion of glipizide therapy. If adverse reactions (Table 24 I -3) have 
not occurred after 2 weeks of treatment, the glipizide dosage is 
increased to 5 mg twice 

2 weeks later. Therapy is continued as long as the cat is stable. 
If euglycemia or hypoglycemia develop, the glipizide dosage 
may be tapered or discontinued and blood glucose concentra¬ 
tions re-evaluated 1 week later to assess the need lor the drug. 
If hyperglycemia recurs, the dosage is increased or glipizide is 
reinitiated at a reduced dosage in cats that previously devel¬ 
oped hypoglycemia. Glipizide is discontinued and insulin 
therapy is initiated if clinical signs continue to worsen; if the 
cat becomes ill or develops ketoacidosis; if the blood glucose 
concentration remains greater than 300 mg/dL after 1 to 
2 months of therapy; or if the owners become dissatisfied with 
the treatment. It is important to remember that stress- 
induced hyperglycemia can artificially elevate the results of 
blood glucose tests. Therefore, if an owner believes that the 
drug is effective but the blood glucose concentration remains 
greater than 300 mg/dL, assessment of the fructosamine or 
glycosylated hemoglobin level wnll distinguish the stressed cat 
from one that truly is not responding to the drug. In some 

glipizide becomes ineffective weeks to months later, and 

kimately required to control the dia- 




o 






in 


day and the cat is re-evaluated 


67,68 


cats, 

exogenous insulin is 
betic state. Presumably, the transition irom glipizide to insulin 
treatment is due to progression of the underlying pathophys¬ 
iologic mechanisms (eg., islet-specific amyloid deposition) 
responsible for the development of diabetes in the cat. The 

rapid the rate of progression, the shorter the beneficial 
response to glipizide. 

One theoretical adverse reaction of chronic glipizide 
therapy is accelerated loss of pancreatic beta cell function 
caused by glipizide-induced stimulation of amylin secretion 
and worsening islet amyloidosis. In a recent study using an 
induced model of diabetes in cats, mild to moderate islet amy¬ 
loid deposition and moderate to severe islet vacuolar change 
were identified in three and one of four cats, respectively, that 

treated with glipizide for 18 months and in one and 


TECHNIQUES FOR MONITORING 
DIABETIC CONTROL 


more 


The basic objective of therapy is to eliminate the clinical signs 
of diabetes mellitus while avoiding the common complica¬ 
tions associated with the disease. Common complications in 
dogs and cats include blindness caused by cataract formation 
(dogs); weakness, ataxia, and a plantigrade stance caused by 
peripheral neuropathy (cats); poor haircoat Irom lack ol 
grooming (cats); weight loss; hypoglycemia; recurring ketosis; 
and poor control of glycemia secondary to concurrent infec¬ 
tion, inflammation, neoplasia, or hormonal disorders (see 
Box 241-5). The devastating chronic complications of human 
diabetes (e g., nephropathy, vasculopathy, coronary artery dis¬ 
ease) require several decades to develop and are uncommon 
in diabetic dogs and cats; as such, it is not necessary to estab¬ 
lish near-normal blood glucose concentrations in these ani¬ 
mals. Most owners are happy and most dogs and cats are 
healthy and relatively asymptomatic if most blood glucose 
concentrations are kept between 100 and 250 mg/dL 


were 

three of four cats, respectively, that w r ere treated wixh recom¬ 
binant human NPH insulin for 18 months. ^ The results 
suggested that glipizide treatment could cause progressive 
amvloid deposition as a result of glipizide-induced insulin and 
amylin secretion Does this mean that glipizide should not be 
used for the treatment ot diabetes in cats? To answ r er this 
question, one has to look at the underlying reason for using 
this drug. Glipizide has no advantage over insulin therapy 
with regard to cost of treatment, time required to treat, 
efficacy of treatment, or frequency ol re-evaluations by 
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subjective opinion of the severity of clinical signs and the pet's 
overall health, the physical examination findings, and the 
stability of body weight. If the owner is happy with the results 
of treatment, if the physical examination is supportive of good 
glycemic control, and if the body weight is stable, the diabetic 
dog or cat is usually adequately controlled. Measurement of 
the serum fructosamine concentration can add further objec¬ 
tive evidence of the status of glycemic control (see below). 

Poor control of glycemia should be suspected and additional 

seru m fruc- 


Adverse Reactions to Glipizide Treatment in 
Diabetic Cats 




RECOMMENDATION 


ADVERSE REACTION 


Vomiting usually subsides after 
2 to 5 days of glipizide therapy; 
decrease dose or frequency of 

administration if vomiting is 

severe; discontinue if vomiting 
persists longer than 1 week 

Increased serum hepatic Continue treatment and monitor 

enzymes every 1 to 2 weeks 
initially; discontinue glipizide if 
cat becomes ill (lethargy, 
inappetence* vomiting) or if 
alanine transaminase activity 

exceeds 500 1U/L 

Discontinue glipizide treatment; 
reinstitute glipizide treatment at 
lower dose and frequency of 
administration once icterus 
resolves {usually within 
2 weeks); discontinue treatment 

permanently if icterus recurs. 
Discontinue glipizide treatment; 
recheck blood glucose 

concentration in 1 week; 

reinstitute glipizide therapy 
lower dose or frequency of 

administration if hyperglycemia 
recurs. 




Vomiting within 1 hour 
of a d m 1 n i stra t i on 


xi 


diagnostics (he,, serial blood glucose curve 
tosamine concentration, tests for concurrent disorders) or a 
change in insulin therapy should be considered if the owner 
reports clinical signs suggestive of hyperglycemia or hypo¬ 
glycemia (i.e., polyuria, polydipsia, lethargy, weakness, ataxia) 
peripheral neuropathy (changes in jumping ability, weakness, 
ataxia, plantigrade stance); if the physical examination identi¬ 
fies problems consistent with poor control ol glycemia (e.g,, 
thin or emaciated appearance, poor haircoat); or if the dog or 

cat is lasing weight.* 5 

Documentation of an increased blood glucose concentra¬ 
tion does not by itself confirm poor control of glycemia. Stress 
or excitement can cause marked hyperglycemia that does not 
reflect the cat’s or dog's responsiveness to insulin and can lead 
to the erroneous belief that the diabetic dog or cat is poorly 
controlled. If a discrepancy exists among the history, physical 
examination findings, and blood glucose concentration or if the 
cat or dog is fractious, aggressive, excited, or scared and 
the blood glucose concentration is known to be unreliable, 
the serum fructosamine concentration should be measured to 

further evaluate the status of glycemic control. 




or 


enzyme activities 


Icterus 


Hypoglycemia 


Serum Fructosamine Concentration 

Fructosamines are glycated proteins synthesized after an 
irreversible, nonenzymatic, insulin-independent binding of 
glucose to serum proteins. Serum fructosamine concentrations 

marker of the mean blood glucose concentration during 
the circulating life span of the protein, which varies from 1 to 
3 weeks, depending on the particular protein. The extent of 
glycosylation of serum proteins is directly related to the blood 
glucose concentration; the higher the average blood glucose 
concentration during the preceding 2 to 3 weeks, the higher 
the serum fructosamine concentration and vice versa. Serum 
fructosamine concentrations increase when glycemic control 
of the diabetic dog or cat worsens and decrease when 
glycemic control improves. The erum fructosamine concen¬ 
tration is not affected by acute increases in the blood glucose 
concentration, as occurs with stress or excitement-induced 
hyperglycemia, but it can 

(less than 2.5 g/dL) and hyperlipidemia (triglycerides greater 
than 150 mg/dL). 3 ^ 76 * 77 

Fructosamine is measured in serum, which should be 
frozen and shipped on cold packs overnight to the diagnostic 
laboratory* In the author's laboratory, the normal reference 

ranges for serum fructosamine are 225 to 365 pmol/L in dogs 
and 190 to 365 pmol/L in cats,^- 7S Interpretation of the 

fructosamine level in a diabetic dog or cat must take 
into consideration the fact that hyperglycemia is common, 

even in well-controlled diabetic dogs and cats (Table 241-4). 
Most owners are happy with their pet s response to insulin 
treatment if the serum fructosamine concentration can be 

kept between 350 and 450 pmol/L, Values greater than 

500 pmol/L suggest inadequate control ol the diabetic state, 
and values greater than 600 pmol/L indicate serious lack 

nf glycemic control. Serum fructosamine concentrations in 
the lower half of the normal reference range (i.e,, less than 
300 pmol/L) or below the normal reference range should raise 

that significant periods of hypoglycemia have 
occurred. Increased serum fructosamine concentrations (i,e , 

greater than 500 pmol/L) suggest poor control of glycemia 


are a 


An important factor that affects the monitoring of diabetic 

commonly than that of diabetic dogs is the propen- 


cats more „ _ 

sity to develop stress-induced hyperglycemia as a result of 

frequent visits to the veterinary hospital for blood sampling. 
Once stress-induced hyperglycemia develops, it seems to be a 
perpetual problem, and blood glucose measurements can no 
longer be considered accurate. Veterinarians 
wary of stress hyperglycemia in diabetic cats and should take 
steps to prevent its development. Micromanagement of dia¬ 
betic cats should be avoided, and serial blood glucose curves 
should be done only when there is a perceived need to change 
insulin therapy. The determination of good versus poor con¬ 
trol of glycemia should be based on the owner's subjective 
opinion regarding the presence and severity of clinical signs 
and the pet's overall health; the cat's ability to jump and its 
grooming behavior; the findings on physical examination, and 
the stability of body weight. Generation of a serial blood 
glucose curve should be reserved for newly diagnosed and 
poorly controlled diabetic cats unless stress-induced hyper¬ 
glycemia is suspected, If this phenomenon is suspected, a 
switch should be made from reliance on serial blood glucose 

generated in the veterinary hospital to reliance on 
blood glucose results generated by the owner m the less- 
stressful home environment or on evaluation of sequential 
serum fructosamine concentrations, in addition to the history 
and physical examination findings. 


must remain 


be affected by hypoalbummemia 


serum 


curves 


History and Physical Examination 

The most important initial parameters that should be assessed 
in the evaluation of control of glycemia are the owner's 


concern 





1582 


SECTION XVI * Endocrine Disorders 


Table 241-4 


500 H 


Sample Handling t Methodology, and Normal Values 
for Serum Fructosamine Concentrations Measured i 
Our Laboratory in Dogs and Cats 

Blood sample 
Sample handling 
Methodology 


400- 


tn 


T> 




E 


300 - 


<D 


1 to 2 ml serum 
Freeze until assayed 
Automated colorimetric assay using 
nitroblue tetrazolium chloride 

Hypoproteinemia and hypoalbuminemia 

(decreased), hyperlipidemia 
(decreased [dog]), azotemia 
(decreased [dog]), storage at room 
temperature (decreased) 

Dog: 225 to 365 pmol/L 
Cat: 190 to 365 pmol/L 




o 


o 


o> 200 


■o 


o 


o 


Factors affecting 

results 


£□ 


100 


0 


8 AM 


Noon 


4 PM 


8 PM 


t 


Normal range 


Figure 241*7 Blood glucose concentration curves i 
dachshund receiving 0.8 U of recombinant human Lente insulin 
per kilogram of body weight twice a day (solid line); a miniature 
poodle receiving 0,6 U of recombinant human Lente insulin per 
kilogram of body weight twice a day (broken line); and a terrier- 
mix receiving LI U of recombinant human Lente insulin per 
kilogram of body weight twice a day (dotted linef Insulin and food 
were given at 8 AM. Interpretation of the blood glucose 
suggests a short duration of insulin effect in the dachshund, 
insulin underdosage in the miniature poodle, and the Somogyi 
effect in the terrier-mix. Note that the blood gl 

Hons were similar in the three dogs at 2 PM and 4 PM and that the 
glucose results at these times do not establish the diagnosis in any 

of the dogs. (From Nelson RW, Couto CG: Small Animal Internal 
Medicine, 3rd ed, St Louis, Mosby, 2003, p 741.) 


in a 


Interpretation in 
diabetic dogs 
and cats 
Excellent control 
Good control 
Fair control 
Poor control 

Prolonged 

hypoglycemia 


350 to 400 pmol/L 
400 to 450 pmol/L 
450 to 500 pmol/L 
>500 pmol/L 
<300 pmol/L 


curves 


ucose c on centra- 


and a need for insulin adjustment but do not identify the 
underlying problem. 


Urine Glucose Monitoring 

In diabetic dogs and cats that have problems with recurring 
ketosis or hypoglycemia, occasional monitoring of urine for 
glycosuria and ketonuria in the home environment is helpful 
for (1) determining whether ketonuria 


measurements are unreliable because of stress, aggression, or 
excitement. T he serial blood glucose curve provides guide¬ 
lines for rational adjustments in insulin therapy Evaluation of 
serial blood glucose curve is mandatory during the initial 
regulation of the diabetic dog or cat and is necessary in the 
dog or cat in which clinical manifestations of hyperglycemia 
or hypoglycemia have developed. Reliance on the history, 
physical examination findings, body weight, and serum fruc¬ 
tosamine concentration to determine when a blood glucose 

needed helps reduce the number of blood glucose 
cones generated and the number of venipunctures and also 
shortens the time the dog or cat spends in the hospital. This 
may minimize the animals aversion to evaluations and may 
improve the chance of obtaining meaningful results when 
hlood glucose curve is needed. 

Blood glucose concentrations are typically determined 
w r ith either a point-of-care glucose analyzer or a hand-held 
portable blood glucose monitoring device. Commercially 
available portable blood glucose monitoring devices provide 
blood glucose concentrations reasonably dose to those 
obtained with reference methods, although the results often 
consistently overestimate or underestimate actual gl 
values (Figure 24 ] -8)/ s ' H The blood glucose values deter¬ 
mined by most portable blood glucose monitoring devices 
typically are lower than the actual glucose values determined 
by reference methods. This may result in an incorrect diag¬ 
nosis of hypoglycemia 'or the misperception that glycemic 
control is better than it actually is. Failure to consider this 
error" could result in insulin underdosage and the potential 

for persistence of clinical signs despite apparently “acceptable" 
blood glucose results. 

The author prefers to adjust insulin therapy based on inter¬ 
pretation of a single serial blood glucose curve, with the ideal 
goal of maintaining the blood glucose concentration between 


or persistent negative 
glycosuria, respectively, is present; (2) in cats that have 

reverted to a non-insulin-requiring diabetic state, for deter¬ 
mining whether glycosuria has recurred; (3) in cats treated 
with oral hypoglycemic drugs, for determining whether gly 
surra has improved or worsened; and (4) in cats with 
peered stress-induced hyperglycemia, for differentiating 
transient from persistent hyperglycemia. For cats, a small 
amount of urine can he obtained by decreasing the amount of 
litter in the pan; by temporarily replacing the litter with non¬ 
absorbable material, such as aquarium gravel; or by assessing 
the change in the color of urine glucose test squares 
(Glucotest Feline Urinary' Glucose Detection System; Ralston 
Purina) that have been mixed into the kitty litter. We do 
have the owner adjust daily insulin dosages based on morning 
urine glucose measurements in dogs except to decrease the 
insulin dose in dogs with recurring hypoglycemia and persis¬ 
tent negative glycosuria. In the author s experience, the vast 
majority of diabetic dogs develop complications as a result of 
ow ners being misled by morning urine glucose concentrations. 

1 or both dogs and cats, persistent glycosuria throughout the 
day and night suggests inadequate control of the diabetic 
state and the need for a more complete evaluation of diabetic 
control using techniques discussed in this section. 
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co- 


sus- 


curve is 
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not 


ucose 


Serial Blood Glucose Curve 

11 an adjustment in insulin therapy is deemed necessary after 
review of the history, physical examination findings, chang 
in body weight, and serum fructosamine 


a 


es 


concentration, a 

serial blood glucose curve should be generated to provide 
guidance tor the adjustment, unless the blood glucose 
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Figure 241-8 Scatterplots of the difference between blood glucose concentrations obtained with 
four portable blood glucose meters and concentrations obtained with a reference method 
concentration obtained with the reference method for blood samples 
Wess G, Reusoh C: Evaluation of Eve portable blood glucose meters for use in dogs. J Am Vet Med 

Assoc 216:203* 2000.) 


versus 


from 170 dogs. (From 


the future, as 


cats undoubtedly will become more common in 
home glucose monitoring techniques are refined. For now, 
initial assessment of the control of glycemia is based on the 

' perception of their diabetic pet s health combined 
rith periodic examinations by the veterinarian. Serial blood 

indicated if poor control ol 


100 and 250 mg/dL. We typically relies on owner perceptions 
of clinical response and the change in the serum fructosamine 
concentration to initially assess the impact of the insulin 
adjustment on control of glycemia, If problems persist, 
consider repeating the blood glucose curve. We rarely perform 
blood glucose curves on multiple consecutive days because it 
promotes stress-induced hyperglycemia. In addition, in forma- 

prior serial blood glucose curve should 
be assumed to be reproducible on subsequent curves 


owners 


w 


glucose measurements are 
glycemia is suspected. The purpose of serial blood glucose 

measurements is to obtain a glimpse at the actions of insulin 
in that diabetic animal and hopefully to identify a reason that 
could explain why the diabetic dog or cat is poorly controlled. 


lion gained from a 


never 

Variables such as the actual amount of insulin drawn into the 
syringe and subsequently absorbed from the subcutaneous site 
of deposition and the interaction among insulin, diet, exercise, 

concurrent disorders, and secretion of 


Generation of the Serial Blood Glucose 
Curve at Home 

An alternative to hospital-generated blood glucose curves for 
cats is to have the owner generate the blood glucose curve 
home using the marginal ear vein prick technique and 
portable home blood glucose monitoring device that allows 
the owner to touch the drop of blood on the ear with the end 
of the glucose test strip (eg., Glucometer Elite XL portable 
blood glucose meter: Bayer Diagnostics, Tarrytown, New York i 
(Figure 241-9). The marginal ear vein prick technique 
decreases the need for physical restraint during sample collec¬ 
tion, thereby minimizing the cat's discomfort and stress. I he 
accuracy of blood glucose results are similar when blood for 


stress, excitement, any 
the counter-regulatory hormones (i.e., glucagon, epinephrine, 
cortisol, growth hormone i change with time and affect the 
reproducibility of serial blood glucose curves. Lack of consis¬ 
tency in the results of serial blood glucose curves creates Irus- 
tration for many veterinarians. It is important to remember 
that this lack of consistency is a direct reflection of all the vari¬ 
ables that affect the blood glucose concentration in diabetics. 
Daily self-monitoring of blood glucose concentrations and 
daily adjustments in the insulin dose are recommended in 
human diabetics to minimize the effect of these variables on 
control of glycemia. A similar approach for diabetic dogs and 
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F.gure 241- 9 Marginal ear vein prick technique for measuring the blood glucose concentration 

A, A hot washcloth is applied to the pinna for 2 to 3 minutes to increase circulation to the 

B, i he marginal ear vein is identified on the periphery of the outer side of the 

criLiting of petrolatum jelly is applied to a small spot over the vein; the spot is then pricked with 
he lancet device supplied with the portable blood glucose meter. Gauze should be placed between 
he pinna and the digit holding the pinna to prevent pricking of the finger if the lancet's blade acd 
dentally passes through the pinna. Petrolatum jelly is applied to help the blood form a ball on the 

it seeps from the lanced site. C, Digital pressure is applied in the area of the lanced ski 
promote bleeding. The glucose test strip is touched to the drop of capillary blood that forms 
and IS removed once enough blood has been drawn into the test strip to activate the meter. (From 
elson RW, Couto CG: Small Animal Internal Medicine, 3rd ed. St Louis, Mosby, 2003, p 759,] 


pinna, and a thin 


pinna as 


n 


to 


glucose determination is obtained by ear prick and venipunc¬ 
ture. 0 ■*' However, blood glucose results obtained by portable 
blood glucose monitoring devices may overestimate or, more 
commonly, underestimate the actual blood glucose val 
obtained with reference methods, 

section.* 1 This inherent error must be considered in the ______ 

pretation ol blood glucose results obtained by a portable 

home blood glucose monitoring device. Several web sites on 
the Internet (e.g. 

detail the marginal 

provide information on 

and wi 


At the time diabetes is diagnosed, the author provides this 
web site URL to clients and asks them to read the information 
to decide ii they would be interested in monitoring blood 
glucose concentrations at home. We spend time teaching the 

ique to individuals willing to give it a try, advise them 
how often to perform a blood glucose curve (ideally no more 

VVi 'CiTit udy rvtry 1 to 4 weeks), and how often 
to measure the blood glucose concentration on the dav of the 

(typically at the time of insulin administration and 3. 6, 
9, and 12 hours later). We have had excellent results using the 
marginal ear vein prick technique in cats. Stress has been 
significantly leduced, and the reliability of the blood glucose 


as discussed in the 
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te 


ious 


on 


, www.sugarcats.net/sites/harry/) explain in 

rein prick technique in lay terms and 

experiences with the technique 

ith different portable home blood gj 


c u rve 


ear v 


owner 


ucose meters. 
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COMPLICATIONS OF INSULIN THERAPY 


results has improved immensely. The biggest problem has 
been overzealous owners who monitor blood glucose 
concentrations too frequently. A similar approach can be used 
diabetic dogs, using either the ear or lip prick technique. 
However, the author does not push home glucose monitoring 
for dogs as much as for cats, primarily because stress-induced 
hyperglycemia is not as significant a problem in diabetic dogs. 
For the marginal ear vein prick technique, the cat is allowed 
to remain in sternal recumbency with restraint only as needed 
to keep the animal stationary. The marginal ear vein is identi¬ 
fied, and a damp cloth or gauze sponge previously warmed in 
water is applied to the vein for 15 to 30 seconds to increase 
perfusion A thin film of petrolatum is placed over the sam¬ 
pling site to allow a drop of blood to form without dissipating 
into the fur, the pinna is immobilized with a digit, an auto¬ 
matic lancing device (e g*, Microlet automatic lancing device; 
Bayer Diagnostics) is placed over the vein, the ejected needle 
is used to nick the ear vein and, if necessary, the pinna in the 
region of the nick site is gently squeezed to promote formation 
of a drop of blood. A glucose test strip previously inserted into 
the blood glucose meter is applied to the drop of blood to 
measure the blood glucose concentration (see Figure 241-9), 
Digital pressure is then applied at the marginal ear vein prick 
site until bleeding stops. The skin puncture is rarely painful, 
and the puncture sites are barely visible even after numerous 
blood collections. Application of a thin film of petrolatum is 
critical tor formation of the drop ot blood A small amount of 
padding, such as a cotton ball or gauze sponge, between the 
pinna and the digit used to stabilize the pinna helps prevent 
inadvertent pricking of the finger if die lancet goes through the 

Dehydration can interfere with the ability to obtain a 


Hypoglycemia 


Hypoglycemia is a common complication of insulin therapy 
and is most apt to occur after sudden large increases in the 
insulin dose; w ith excessive overlap of insulin action in dogs 
and cats receiving insulin twice a day; during unusually stren¬ 
uous exercise (dogs); after prolonged inappetence; after 
sudden decreases in insulin resistance; and in insulin-treated 
cats that have reverted to a non-insulin-dependent state. 
In these situations severe hypoglycemia may occur beiore 
glucose counter-regulation (i.c, secretion of glucagon, 
epinephrine, cortisol, and growth hormone) is able to com¬ 
pensate for and reverse the hypoglycemia. Signs ol hypo- 

glvc e m i a 

seizures, and coma. The occurrence and severity oi clinical 
signs depends on the rate of blood glucose decline and the 
severity of hypoglycemia. Symptomatic hypoglycemia is 
treated with glucose administered as food, sugar water, or 
intravenous dextrose. Whenever signs of hypoglycemia occur, 
the owner should be instructed to stop insulin therapy until 
glycosuria recurs* The adjustment in the subsequent insulin 
dosage is somewhat arbitrary; as a general rule, the insulin 
dosage initially should be reduced 25% to 50%, and subse¬ 
quent adjustments in the dosage should be based on clinical 
response and blood glucose measurements. Failure ol glyco¬ 
suria to recur after a hypoglycemic episode suggests reversion 
to a non-insulin-dependent diabetic state or impaired glucose 

counter-regulation. 


in 


o 




c/> 


include lethargy, weakness, head tilting, ataxia, 


Stress Hyperglycemia 

Transient hyperglycemia is a well-recognized problem in frac¬ 
tious or frightened cats. Hyperglycemia develops as a result of 
an increase in catecholamines and, in struggling cats, lactate 
concentrations and presumably increased hepatic glucose 
production. 8283 Blood glucose concentrations typically exceed 
200 mg/dL in these cats, and values in excess of 300 mg/dL 

Diabetes mellitus may be inadvertently diag¬ 
nosed in such cats if the diagnosis is based solely on the blood 
glucose concentration. Stress hyperglycemia can also signifi¬ 
cantly increase blood glucose concentrations in diabetic cats 
despite administration of insulin, an effect that seriously inter¬ 
feres with the clinician's ability to judge the effectiveness of 
exogenous insulin accurately. Induction of stress hyper¬ 
glycemia is variable but usually starts during a venipuncture 
procedure and begins earlier and earlier on subsequent visits 
to the veterinarian, until eventually stress hyperglycemia is 
induced by hospitalization and ultimately by the car ride to 
the veterinary hospital. Blood glucose concentrations can 
remain greater than 400 mg/dL throughout the day, despite 
administration of insulin i Figure 241-10), when stress hyper¬ 
glycemia develops prior to the first venipuncture of the day. 
Failure to recognize the effect of stress on blood glucose 
measurements may lead to the erroneous perception that the 
diabetic cat is poorly controlled, and insulin therapy is invari¬ 
ably adjusted, often by increasing the insulin dosage; repeti¬ 
tion of this cycle eventually culminates in the Somogvi 
phenomenon, clinically apparent hypoglycemia, or referral for 

evaluation of insulin resistance. 

Stress hyperglycemia should be suspected if the cat is visi¬ 
bly upset or aggressive or struggles during restraint and the 
venipuncture process. However, stress hyperglycemia can also 
be present in diabetic cats that are easily removed from the 
cage and do not resist the blood sampling procedure. These 
cats are scared, but rather than become aggressive, they 
remain crouched in the back of the cage, often have dilated 
pupils, and usually are flaccid when handled. Stress hyper¬ 
glycemia should also be suspected when (1) a disparity exists 
between assessment of glycemic control based on the results 


pinna. 

drop of blood, a problem that occurs in some poorly controlled 
cats with marked hyperglycemia and severe polyuria and poly¬ 
dipsia. Administration of subcutaneous fluids may improve 
circulation to the ear. Only portable home blood glucose mon¬ 
itoring devices that allow the end of the glucose test strip to 
touch the drop of blood formed on the pinna while the strip is 
in the glucose monitoring device are used. 


are common. 


Evaluation of Aggressive, Excitable, or Stressed 
Diabetic Cats or Dogs 

Hyperglycemia induced by stress, aggression, or excitement is 
the single biggest problem that affects the accuracy ol the 
serial blood glucose curve* Stress can over-ride the glucose- 
lowering effect of the insulin injection, causing high blood 
glucose concentrations despite the presence of adequate 
amounts of insulin in the circulation, leading to a spiraling 
path of insulin overdosage, hypoglycemia, Somogyi phe- 

and poor control of glycemia. The primary factors 

are hospitalization and 
multiple venipunctures. An alternative to hospital-generated 
blood glucose curves is to have the owner generate the blood 
glucose 
serum t 

trol of glycemia and the effectiveness of adjustments in insulin 
therapy in aggressive, excitable, or stressed diabetic cats or 
dogs. If a change in insulin therapy is deemed necessary', the 
clinician must make an educated guess as to where the prob¬ 
lem lies (e.g., low insulin dose, short duration of insulin 
effect), adjust the insulin dose, and rely on the change in 
subsequent serum fructosamine measurements to assess the 
benefit of the change. The author measures serum fruc¬ 
tosamine concentrations prior to and 2 to 3 weeks after 
changing insulin therapy. If the change has improved control 
of glycemia, the serum fructosamine concentration should 
decrease. If the serum fructosamine concentration is the same 
has increased, the change was ineffective at improving 
glycemic control, another change in therapy can be tried, and 
the serum fructosamine measured again 2 to 3 weeks later. 


nomenon 
that induce stress hyperglycemia 


curve at home, as discussed above. Alternatively, 
fructosamine concentrations can be used to assess Con¬ 


or 
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usually is caused by erroneously high blood glucose 
trations that suggest insulin ineffectiveness; these high val 
may He stress induced and do not reflect the animal's respon¬ 
siveness to insulin. In the evaluation of a diabetic dog or cat 
for suspected insulin ineffectiveness, it is important that all 
parameters used to assess glycemic control be critically ana¬ 
lyzed, most notably the owner's perception of how the pet i;. 
doing in the home environment, physical examination find¬ 
ings, and changes in body weight If the history, physical 
examination, change in body weight, and serum fructosamine 
concentration suggest poor control of the diabetic state, a 
diagnostic evaluation to identify the cause is warranted, begin¬ 
ning with evaluation of the owner s insulin administration 
technique and the biologic activity of the insulin preparation. 
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Insulin Underdosage 

Control of glycemia can be established 


Figure 241-T0 Blood glucose curves in a 5.3 kg male cat receiv¬ 
ing 2 U of recombinant human Ukralente insulin (solid line-solid 
circles) 2 weeks after initiation of insulin therapy; 2 U of recom¬ 
binant human Ukralente insulin (broken linej 2 months later; and 
6 U of recombinant human Ukralente insulin (dottedline) 4 months 
later. The insulin dosage had been gradually increased based on 
the blood glucose curve results. The owner reported minimal clin¬ 
ical signs regardless of the insulin dosage, the cat had maintained 
its body weight, and the blood glycosylated hemoglobin 
tration was 2.2% at the 4-month recheck. The cat beca 
gressively more fractious during each hospitalization, supporting 
a finding of stress-induced hyperglycemia as the reason for the 
discrepancy between the blood glucose values and other 


most dogs and cats 
using less than I U of insulin per kilogram of body weight 

administered twice each day. An inadequate insulin dosage in 
conjunction with once a day insulin therapy is a common 
cause of persistence of clinical signs. In general, insulin under¬ 
dosage should be considered if the insulin dosage is less than 
1 U/kg and the dog or cat is receiving insulin twice a day. If 
insulin underdosage is suspected, the insulin dose should be 
gradually increased by 1 to 5 U per injection in dogs (depend¬ 
ing on the size of the dog] and 0.5 to ] U per injection in cats, 

per week. The effectiveness of the change in therapv should 
be evaluated by the 


in 


con ce ri¬ 


me pro- 


s perception of clinical response 
and measurement of serum fructosamine or serial blood glu¬ 
cose concentrations. Other causes of insulin ineffectiveness 
(most notably the Somogyi phenomenon) should be consid¬ 
ered if the insulin dosage exceeds 1 to 1.5 U/kg/injection, if 

insulin is being administered every 12 hours, and if control of 
glycemia remains 


own e r 


parame¬ 
ters used to evaluate glycemic control. T, Subcutaneous insulin 

injection and food. (From Feldman EC, Nelson RW: Canine and 
Feline Endocrinology and Reproducti 

WB Saunders, 2004, p 569J 


3rd ed. Philadelphia 


on, 


poor. 


Insulin Overdosage and Glucose Counter-Regulation 

(Somogy i Phenomenon) 

The Somogyi phenomenon results from a normal physiologic 
response to impending hypoglycemia induced by excessive 
insulin When the blood glucose concentration declines to less 
than 65 mg/dL or when the blood glucose concentration 
decreases rapidly regardless of the glucose nadir, direct 

hypoglycemia-induced stimulation of hepatic glycogenolysis 

and secretion ol diabetogenic hormones, most notably 
epinephrine and glucagon, increase the blood glucose concen¬ 
tration, minimize signs of hypoglycemia, and cause marked 
hyperglycemia within 12 hours of glucose counter-regulation 
(Figure 241-11). The marked hyperglycemia that occurs after 
hypoglycemia is due in part to inability of the diabetic dog 
to secrete sufficient endogenous insulin to dampen the 
rising blood glucose concentration. By the next morning, the 
blood glucose concentration can be extremely elevated (400 
to 800 mg/dL), and the morning urine glucose concentration 
is consistently 1 to 2 g/dL as measured with urine glucose test 
strips. Unrecognized short duration of insulin effect combined 

with insulin dosage adjustments based 


oi the history, physical examination, and stability of body 
weight and assessment of glycemic control based on the 
results of blood glucose measurements, or (2) the initial blood 
glucose concentration measured in the morning is in an 
acceptable range (i,e„ 150 to 250 mg/dL), but subsequent 

blood glucose concentrations increase steadilv throughout the 

day [see Figure 24 MO). Once stress hyperglycemia develop 
usually a perpetual problem, and blood gl 
ments can no longer be considered accurate. 


s, 


it is 


ucose measure- 


Recurrence or Persistence of Clinical Signs 

Recurrence or persistence of clinical signs of diabetes is the 
most common complication of insulin therapy in diabetic 
dogs and cats. Recurrence or continuing clinical signs suggest 
insulin ineffectiveness, which is usually caused by problems 
with the biologic activity of the insulin or by owrner technique 
in administering the insulin; problems with the insulin treat¬ 
ment regimen; or problems with responsiveness to insulin 
caused by concurrent inflammatory, infectious, neoplastic, or 
hormonal disorders (i.e., insulin resistance). The most 
common problems with the insulin treatment regimen in the 
dog are insulin underdosage, the Somogyi phenomenon, short 
duration of effect of Lente insulin, and once a day insulin 

administration. The most common problems with the insulin 
treatment regimen in the cat are insulin overdosage, causing 
the Somogyi phenomenon; inadequate absorption of longer 
acting insulin preparations; short duration of effect of 
intermediate-acting insulin preparations; and 
insulin administration. 

Discrepancies in the parameters used to assess glycemic con¬ 
trol, resulting in an erroneous belief that the diabetic dog or cat 
is poorly controlled, should also be considered. This situation 


or 


cat 


morning urine glu¬ 
cose concentrations is historically the most common cause of 
the Somogyi phenomenon in dogs. 

Clinical signs of hypoglycemia are typically mild or 
recognized by the owner; clinical signs caused by hyper¬ 
glycemia tend to dominate the clinical picture. The insulin 
dose that induces the Somogyi phenomenon is variable and 
unpredictable. The Somogyi phenomenon is often suspected 
poorly controlled diabetic dogs for which the insulin dosage 
approaching 2,2 U/kg/injection but can also occur at insulin 
dosages less than 0.5 U/kg/injection. Toy and miniature breeds 

especially susceptible to development of the 
Somogyi phenomenon with lawyer than expected doses of 
insulin. In cats* the Somogyi phenomenon can be induced 
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established. However, if the serial blood glucose curve is 
obtained on a day when insulin resistance predominates, hypo¬ 
glycemia will not be identified, and the insulin dose may be 
incorrectly increased in response to the high blood glucose values. 
A cyclic history of 1 or 2 days of good glycemic control fol¬ 
lowed by several days of poor control should raise suspicion 
for insulin resistance caused by glucose counter-regulation. 
Serum fructosamine concentrations are unpredictable but are 
ally increased (greater than 500 pmol/L); these results 
confirm poor glycemic control but do not identify the under¬ 
lying cause. 

Establishment of the diagnosis may require several days of 
hospitalization and serial blood glucose curves, an approach 
that eventually leads to problems with stress-induced hyper¬ 
glycemia. An alternative approach, which the author prefers, 
is to arbitrarily reduce the insulin dosage 1 to 5 U and have 
the owner evaluate the dog's or cat's clinical response over the 
following 2 to 5 days. If clinical signs of diabetes worsen after 
a reduction in the insulin dosage, another cause of the insulin 
resistance should be pursued. However, if the owner reports 

the clinician 
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curves from three 


Figure 241-11 Blood glucose concentration 

dogs with poorly controlled diabetes that were treated with 
recombinant human Lente insulin twice a day, illustrating the 
typical blood glucose curves suggestive of the Somogyi phe¬ 
nomenon. In one dog (solid line), the glucose nadir is less than 80 
mg/dL and is followed by a rapid increase in the blood glucose 
concentration. In another dog (dashed line), a rapid decrease in 
the blood glucose concentration occurs within 2 hours of insulin 
administration and is followed by a rapid increase in the blood 
glucose concentration; the rapid decrease in blood glucose stimu¬ 
lates glucose counter-regulation despite maintenance of the blood 
glucose nadir above 80 mg/dL. In the third dog (dotted hne) t the 
blood glucose curve is not suggestive of the Somogyi phe- 

se. However, the insulin injection causes the blood 


change or improvement in clinical signs 
should continue to reduce the insulin dosage gradually. 
Alternatively, glycemic regulation of the diabetic dog or cat 
could be started over, using an insulin dosage of 0.25 U/kg 
[dogs} or 1 U/injection (cats) given twice daily. 


no 


Short Duration of Insulin Effect 

Short duration of insulin effect (Le,, less than 10 hours) is a 
common problem in diabetic dogs, and especially diabetic 
cats, despite twice a day insulin administration. In some dia¬ 
betic cats, the duration of effect of NPH and Lente insulin is 
less than 8 hours. As a result, significant hyperglycemia (blood 
glucose concentration greater than 300 mg/dL) occurs for 
several hours each day, and the owners of these pets usually 
mention continuing problems with persistence of clinical 
signs or weight loss, or weakness caused by the development 
of peripheral neuropathy. Diabetic dogs with short duration of 
insulin have persistent morning glycosuria (greater thanl g/dL 
on urine glucose test strips). If the owners are adjusting the 
daily insulin dosage based on the morning urine glucose 
centration, they usually induce the Somogyi phenomenon, 
because the insulin dosage is gradually increased in response 
the persistent morning glycosuria. Serum fructosamine 
concentrations are variable but typically greater than 
500 pmol/L, The diagnosis of short duration of insulin effect 

is made by demonstrating recurrence of hyperglycemia (blood 
glucose concentration greater than 250 mg/dL) within 6 to 
10 hours of the insulin injection; also, the lowest blood 
glucose concentration is maintained above 80 mg/dL (see 
Figure 241-7). The clinician must evaluate multiple blood 

glucose concentrations obtained throughout the day to estab¬ 
lish the diagnosis. The use of one or two afternoon blood 
glucose determinations consistently fails to identify 7 the prob¬ 
lem* Treatment involves changing to a longer acting insulin 
given twice a day (e.g., switching to PZ1 [cats], Ultralente, 
insulin glargine) or increasing the frequency of insulin admin¬ 
istration (i.e., initiating three times a day therapy) if the 
duration ol effect is less than 8 hours. 

Prolonged Duration o f Insulin Effect 

In some diabetic dogs and cats, the duration of effect ot Lente 
insulin or PZ1 is greater than ] 2 hours, and twice a day insulin 
administration creates problems with hypoglycemia and the 
Somogyi phenomenon. In these dogs and cats, the glucose 
nadir after morning administration of insulin typically occurs 
near the time of the evening insulin administration, and the 
morning blood glucose concentration is usually greater than 
300 mg/dL (see Figure 241-11). Gradually decreasing blood 
glucose concentrations measured at the time ot sequential 


nomen on per 

glucose level to decrease by approximately 300 mg/dL during the 
day, and the blood glucose concentration at the time of the 
evening insulin injection is considerably lower than the 8 AM 
blood glucose concentration, If a similar decrease in the blood 
glucose occurs with the evening insulin injection, hypoglycemia 
and the Somogyi phenomenon would occur at night and would 
explain the high blood glucose concentration in the morning and 
the poor control of the diabetic state. (From Nelson RW f Couto 
CG. Small Animal Internal Medicine, 3rd ed, St Louis, Mosby Inc, 


con- 


2003, p 745.) 


to 


ith insulin doses of 2 to 3 LJ per injection; as a result, cats 
may reccive 10 to 15 U of insulin per injection because vet¬ 
erinarians, interpreting the persistence of clinical signs and the 
high blood glucose and serum fructosamine concentrations as 
underdosage, increase the insulin dose, thereby perpetuating 

the problem* 

Diagnosis of the Somogyi phenomenon requires demon¬ 
stration of hypoglycemia (a serum glucose concentration less 
than 80 mg/dL) followed by hyperglycemia (a serum glucose 
concentration greater than 300 mg/dL) after insulin admin¬ 
istration, The Somogyi phenomenon should also he suspected 
when the blood glucose concentration decreases rapidly 
regardless of the glucose nadir (e.g., a drop from 400 to 
100 mg/dL within 2 to 3 hours). If the duration of insulin 

effect is greater than 12 hours, hypoglycemia often occurs at 
night after the evening dose ot insulin, and the serum glucose 
concentration is typically greater than 300 mg/dL the next 
morning (see Figure 241-11). Unfortunately, diagnosis of the 
Somogyi phenomenon can be elusive, partly because ot the 
effects of the diabetogenic hormones on blood glucose con¬ 
centrations after an episode of glucose counter-regulation. 
Secretion of diabetogenic hormones during the Somogyi 
phenomenon may induce insulin resistance, which can last 24 
to 72 hours after the hypoglycemic episode. If a serial blood 
glucose curve is obtained on the day glucose counter-regulation 
occurs, hypoglycemia can be identified and the diagnosis 
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insulin injections are another indication of prolonged duration 
of insulin effect. The effectiveness of insulin in lowering the 
blood glucose concentration varies from day to day H presum¬ 
ably because of varying concentrations of diabetogenic 
hormones, the secretion of which was induced bv prior hypo¬ 
glycemia. Serum fructosamine concentrations are variable but 
typically greater than 500 pmol/L. Effective treatment depends 
part on the duration of effect of the insulin. A 24-hour 
blood glucose curve should be generated after administration 
of insulin once in the morning and with the dog or cat being 
fed at the usual times of the day. This allows the clinician to 
estimate the duration of effect of the insulin. If the duration 
ol effect is less than 16 hours, a shorter acting insulin given 
twice a day or a lower dose of the same insulin given in the 
evening, compared with the morning insulin dose, can he 
tried. If the duration of effect is 1 6 hours or longer, switching 
to a longer acting insulin administered once a day or adminis¬ 
tering Lente insulin in the morning and regular crystalline 
insulin at bedtime (be., 16 to 18 hours after the morning 
insulin injection) can he tried. When different types of insulin 
are used in the same 24-hour period, the goal is to have the 
combined duration of effect of the insulins equal 24 hours. 
Differences in the potency of intermediate- and long-acting 
insulins versus regular crystalline insulin often necessitate the 
of different dosages for the morning and evening insulin 
injections, regular crystalline insulin is more potent^ and less is 


required to achieve the same glycemic effect, compared with 
Lente, NPH, PZI, and Ultralente insulins. 


Inadequate or Impaired Insulin Absorption 

Slow f or inadequate absorption of subcutaneously deposited 

insulin is most commonly observed in diabetic cats receiving 

Ultralente insulin, a long-acting insulin that'has a slow onset 

and prolonged duration of effect. 84 - 85 In approximately 25% of 

cats evaluated at our hospital, Ultralente insulin is absorbed 

from the subcutaneous site of deposition too slowly for it to 

be effective at maintaining acceptable glycemic control. In 

these cats, the blood glucose concentration may not decrease 

until 6 to 10 hours after the injection or, more commonly, it 

decreases minimally despite insulin doses of 8 to 12 U/cat 
given every 12 hours. As 


in 


consequence, the blood glucose 
concentration remains greater than 300 mg/dL for most of the 

day. We have had success m these cats by switching from 
Ultralente to Lente or PZI given twice a day.^ When a change 
is made in the type of insulin, the insulin dosage is decreased 
(usually to amounts initially used to regulate the diabetic cat) 
to avoid hypoglycemia. The duration of effect of the insulin 
becomes shorter as the potency of the insulin increases, which 
may create problems w r ith short duration of insulin effect 
(Figure 241-12], We have not yet identified similar problems 
with insulin glargine in diabetic cats, although 
w T ith this form of insulin is limited. 


use 


our experience 


Less potent 


Longest duration of effect 


Ultralente 


Protamine zinc 


Lente 


Figure 241-12 Categorization of types of 

mercial insulin based on potency and duration of 
effect. Note the inverse relationship between 
potency and duration of effect. (From Nelson 

RW, Couto CG: Small Animal Internal Medicine, 
3rd ed St Louis, Mosbv, 2003, p 747.) 
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Impaired absorption of insulin may also occur as a result of 
thickening of the skin and inflammation of the subcutaneous 
tissues caused by chronic injection of insulin in the same area 
of the body. Rotation ol the injection site helps prevent this 
problem. 

Circulating Insulin Antibodies 

Insulin antibodies result from repeated injection of a foreign 
protein (i.e., insulin). The structure and amino acid sequence 
of the injected insulin relative to the native endogenous 
insulin influences the development of insulin antibodies. 
Conformational insulin epitopes are believed to be more 
important in the development of insulin antibodies than dif¬ 
ferences in the linear subunits of the insulin molecule per se. 
The more divergent the insulin molecule from the species, the 
greater the likelihood that significant or worrisome levels of 
insulin antibodies will develop. Canine and recombinant 
human insulin are similar, and the development of insulin 
antibodies is uncommon in dogs treated with recombinant 
human insulin, 97 In contrast, canine and beef insulin differ, 
and serum insulin antibodies have been identified in 40% to 
65% of dogs treated with beef/pork or beef insulin. 100687 
In the author's experience, the presence of serum insulin anti¬ 
bodies is often associated with erratic and poor control of 
glycemia, frequent adjustments in the insulin dose to improve 
control, and the occasional development of severe insulin 
resistance. Dogs treated with recombinant human insulin 
have more stable control ol glycemia for extended periods 
compared with dogs treated with beef insulin. Although 
uncommon, insulin antibodies can develop in dogs treated 
with recombinant human insulin and should be suspected 
as the cause of poor glycemic control when another cause 
cannot be identified. Documentation of serum insulin anti¬ 
bodies should use assays that have been validated in diabetic 
dogs. A switch to porcine source insulin or to a purer form of 
insulin (i.e., regular crystalline insulin), or both, should be 
considered if insulin antibodies are identified in a poorly 
controlled diabetic dog. 

Fortunately, insulin antibody formation is not common in 
diabetic cats treated with exogenous human insulin despite 
the differences between human and feline insulin. 80 Two stud¬ 
ies identified an approximately equal frequency of positive 
serum insulin antibody titers in diabetic cats treated with beef 
insulin compared with diabetic cats treated with recombinant 
human insulin. 14 89 In the author s experience, insulin anti¬ 
body titers are weakly positive in most cats, the prevalence of 
persistent titers is low, and serum insulin antibodies do not 
appear to affect control ol glycemia. Oven insulin resistance 
caused by insulin antibodv formation occurs in fewer than 5% 
ol cats treated with recombinant human insulin. Switching 
from recombinant human insulin to beef/pork source PZ1 
may improve control of glycemia if insulin antibodies are the 
suspected cause of insulin ineffectiveness. 

Concurrent Disorders that Can Cause 

Insulin Resistance 

Insulin resistance is a condition in which a normal amount of 
insulin produces a subnormal biologic response. Insulin resis¬ 
tance may result from problems occurring before the interac¬ 
tion of insulin with its receptor, at the receptor, or at steps 
distal to the interaction of insulin and its receptor. Prereceptor 
problems reduce free mctabolically active insulin concentra¬ 
tions; such problems include an increase in insulin degradation 
or in insulin-binding antibodies. Receptor problems include 
alterations in the insulin-receptor binding affinity and concen¬ 
tration and the development of insulin-receptor antibodies. 
Postreceptor problems are difficult to differentiate clinically 
from receptor problems, and the two types often coexist. In 
dogs and cats, receptor and postreceptor abnormalities are 


usually attributable to obesity or to a disorder that causes 
excessive secretion of an insulin-antagonistic hormone (e,g., 
cortisol, glucagon, epinephrine, growth hormone, progesterone, 
or thyroid hormone). 

No insulin dose clearly defines insulin resistance, i or most 
diabetic dogs and cats, control of glycemia can usually be 
attained using 1 U or less of intermediate- or long-acting 
insulin per kilogram of body weight given twice daily. Insulin 
resistance should be suspected if control of glycemia is poor 
despite an insulin dosage in excess of L5 U/kg, when excessive 
amounts of insulin (i.e., greater than 1.5 U/kg) are necessary to 
maintain the blood glucose concentration below 300 mg/dL, 
and when control ol glycemia is erratic and insulin require¬ 
ments must be constantly changed in an attempt to maintain 
control of glycemia. Failure of the blood glucose concentration 
to decrease below 300 mg/dL during a serial blood glucose 
curve is suggestive of but not definitive for insulin resistance. 
An insulin resistance-type blood glucose curve can also result 
from stress-induced hyperglycemia, the Somogyi phe¬ 
nomenon, and other problems with insulin therapy (Box 241 -6), 
and a decrease in the blood glucose concentration below 
300 mg/dL can occur w r ith disorders that cause relatively mild 
insulin resistance. Serum fructosaminc concentrations are typ¬ 
ically greater than 500 pmoL/L in animals with insulin resis¬ 
tance and can exceed 700 pmol/L if resistance is severe 

In general, any concurrent inflammatory, infectious, 
hormonal, or neoplastic disorder can cause insulin resistance 
and can interfere with the effectiveness of insulin therapy (see 
Box 241-6), In the author s experience, the conditions or dis¬ 
orders that most commonly cause insulin resistance in dogs 
are treatment w r ith diabetogenic drugs (glucocorticoids), severe 
obesity, hyperadrenocorticism, diestrus, chronic pancreatitis, 
renal insufficiency, oral and urinary tract infections, hyperlipi¬ 
demia, and the development of insulin antibodies in dogs 
treated with beef insulin. The disorders that most commonly 
cause insulin resistance in cats are severe obesity, chronic pan¬ 
creatitis, renal insufficiency, hyperthyroidism, oral infections, 
acromegaly, and hyperadrenocorticism. Obtaining a complete 
history and performing a thorough physical examination con¬ 
stitute the most important step in identifying these concur¬ 
rent disorders. Abnormalities identified on the physical 
examination may suggest a concurrent insulin-antagonistic 
disorder or an infectious process, which gives the clinician 
direction in the diagnostic evaluation of the animal. If the 
history and physical examination findings are unremarkable, 
other diagnostic tests should be pursued to further screen for 
concurrent illness, including a complete blood count, serum 
biochemical analysis, serum thyroxine concentration (cat), 
serum progesterone concentration (intact female dog), 
abdominal ultrasound scan, and urinalysis with bacterial 
culture. The use of additional tests depends on the results of 
the initial screening tests (Box 241-7), 
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CHRONIC COMPLICATIONS 
OF DIABETES MELLITUS 


Complications resulting from diabetes or its treatment are 
common in diabetic dogs and cats and include blindness and 
anterior uveitis resulting from cataract formation (dogs), 
peripheral neuropathy of the hmd limbs, causing weakness, 
inability to jump, a plantigrade stance and ataxia (cats), chronic 
pancreatitis, recurring infections, hypoglycemia and ketoacido¬ 
sis (see Box 241-5). Most of the devastating chronic complica¬ 
tions of human diabetes (e.g., nephropathy, vasculopathv, and 
coronary artery disease) require 10 to 20 years or longer to 
develop and therefore are uncommon in diabetic dogs and 
cals. Diabetes mellitus is a disease of older dogs and cats, and 
most do not live beyond 5 years from the lime of diagnosis. 12 
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R ecognized Causes of Insulin Ineffect iveness 
Insulin Resistance in Diabetic Dogs and 

Cause: Insulin Therapy 

Inactive insulin 
Diluted insulin 

Improper administration technique 
Inadequate dosage 
Somogyi effect 

Inadequate frequency of insulin administration 
Impaired insulin absorption (especially with 
Ultralente insulin) 

Anti-insulin antibody excess 


Diagnostic Tests to Consider in the Evaluation of 
Insulin Resistance in Diabetic Dogs and Cats 

Complete blood count (CBC), serum biochemistry panel, 
urinalysis 

Bacterial culture of the urine 

lipase and amylase activities (pancreatitis) 

Serum trypsin-like immunoreactivity, pancreatic lipase 

immunoreactivity (exocrine pancreatic insufficiency, 
pancreatitis) 

Adrenocortical function tests 

Adrenocorticotropic hormone (ACTH) stimulation test 
(spontaneous or iatrogenic hyperadrenocorticism) 
Low-dose dexamethasone suppression test 

(spontaneous hyperadrenocorticism) 

Thyroid function tests 

Baseline serum total and free thyroxine 
(hypothyroidism or hyperthyroidism) 

Endogenous thyroid-stimulating hormone (TSH) 
(hypothyroidism) 

TSH stimulation test (hypothyroidism) 

Thyroid-re I easing hormone stimulation test 

(hypothyroidism or hyperthyroidism) 

Triiodothyronine suppression test (hyperthyroidism) 

Serum progesterone concentration (diestrus in intact 
female dog) 

Plasma growth hormone or serum insulin—like growth 
factor I concentration (acromegaly) 

Serum insulin concentration 24 hours after discontinuation 
of insulin therapy (insulin antibodies) 

Serum triglyceride concentration (hyperlipidemia) 
Abdominal ultrasonography (adrenomegaly, adrenal 
pancreatitis, pancreatic mass) 

Thoracic radiography (cardiomegaly, neoplasia) 

Computed tomography or magnetic resonance imaging 
(pituitary moss) 


or 


Cause: Concurrent Disorder 

Diabetogenic drugs 
glucocorticoids 

megestral acetate 

progestagens 
Hyperadrenocorticism 
Diestrus (bitch) 

Acromegaly (cat) 

Infection (especially of the oral cavity or urinary tract) 
Hypothyroidism (dog) 

Hyperthyroidism (cat) 

Renal insufficiency 
Liver insufficiency 
Cardiac insufficiency 
Glucagonoma (dog) 

Ph eoch rom ocyto ma 

Chronic inflammation (especially pancreatitis) 

Pancreatic exocrine insufficiency 

Severe obesity 

Hyperlipidemia 

Neoplasia 


mass 


In the author's experience 

care 


usually willing to under- 
of a diabetic pet once the fears related to chronic 
complications seen in human diabetics are alleviated. 


owners are 


take the 


dogs that undergo cataract removal. Factors that affect the 

success of surgery include the degree of glycemic control and 
whether retinal disease 


or lens-induced uveitis i 


is present. 


Cataracts 


Cataract formation is the most common chronic complication 
cl diabetes mellitus in the dog. A retrospective cohort study 
on the development of cataracts in 132 diabetic dogs referred 
to a university hospital found cataract formation in 14% of 
dogs at the time diabetes was diagnosed and a time interval of 
%, 50ft. 75%, and 80% of the study population to develop 

cataracts of 60, 1 /0, 370, and 470 days, respectively. 30 The 

pathogenesis of diabetic cataract formation is thought to stem 
from altered osmotic relationships in the lens induced by the 
accumulation of sorbitol and fructose; these sugars are potent 
hydrophilic agents that cause an influx of water into the lens, 
leading to swelling and rupture of the lens fibers and the 

development of cataracts. 111 Cataract formation is an irre¬ 
versible process once it begins, and it can occur quite rapidly. 
Diabetic dogs that are poorly controlled and that have prob¬ 
lems with wide fluctuations in the blood glucose toncentra- 

especially at risk for rapid development of cataracts. 
Blindness may he eliminated by removal of the abnormal lens 
----- is restored in approximately 75% to 80% of diabetic 


Lens-Induced Uveitis 

During embryogenesi s, the lens is formed 
capsule, and its structural proteins are not exposed to the 
immune system; consequently, immune tolerance to the crys¬ 
talline proteins does not develop. During cataract formation 
and resorption, lens proteins are 
immune 


wi 


own 


exposed to local ocular 
inflammation and uveitis, 
in association with a resorbing, hyperma- 
ture cataract may decrease the success of cataract 


systems, resulting in 


occurs 


surgery and 

must be controlled before surgery; Treatment of lens-induced 

uveitis focuses on reduction of the inflammation and proven- 

tion of Further intraocular damage. Topical ophthalmic corti¬ 
costeroids 


the drugs most 


„ used to control 
ocular inflammation. However, systemic absorption of topi¬ 
cally applied corticosteroids may cause insulin antagonism 
and thus interfere with glycemic control of the diabetic state, 
especially in toy and miniature breeds. An alternative is 
topical administration of nonsteroidal anti-inflammatory 
agents (e,g., 0.03% flurbiprofen) or cyclosporine. 
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the more severe it is, the less likely improvement in glycemic 
control is to reverse the clinical signs* 

Diabetic Nephropathy 

Renal insufficiency and diabetes mellitus are common geriatric 
diseases that often occur concurrently, especially in older cats 
Abnormal renal function may result from the deleterious effects 
of the diabetic state i.e., diabetic nephropathy), or it may be an 
independent problem that develops in conjunction with dia¬ 
betes in the geriatric pet. Histopathologic findings in diabetic 
nephropathy depend on the duration of the disease prior to eval¬ 
uation of the dog or cat and on the degree of glycemic control; 
these findings include membranous glomerulonephropathy with 
fusion of the foot processes, glomerular and tubular basement 
membrane thickening, an increase in the mesangial matrix mate¬ 
rial, the presence of subendothelial deposits, glomerular fibrosis, 
and glomerulosclerosis. The pathogenic mechanism of diabetic 
nephropathy is unknown but is undoubtedly multifactorial. 
Clinical signs depend on the severity of glomerulosclerosis and 
th e fu n cti on a 1 ab i 1 ity of the Id dn ey to excrete m et abol i c wastes. 
Initially, diabetic nephropathy is manifested as severe protein¬ 
uria, primarily albuminuria, as a result of the glomerular dys¬ 
function, As the glomerular changes progress, glomerular 
filtration becomes progressively impaired, resulting in the devel¬ 
opment of azotemia and eventually uremia. With severe fibrosis 
of the glomeruli, oliguric and then anuric renal failure develops. 
No specific treatment is available for diabetic nephropathy, apart 
from meticulous metabolic control of the diabetic state, conser¬ 
vative medical management of the renal insufficiency, and con¬ 
trol of systemic hypertension. 


Diabetic Neuropathy 

Diabetic neuropathy is the most common chronic complica¬ 
tion of diabetes in cats, with a prevalence of approximately 
1.0% of cats with 1DDM, but it is infrequently recognized in 
the diabetic dog. The cause of diabetic neuropathy is not 
known, although an alteration in polyol pathway activity may 
play a role in cats. The polyol pathway consists of two 
consecutive reactions: glucose first is reduced to sorbitol by 
aldose reductase and sorbitol subsequently is oxidized to fruc¬ 
tose by sorbitol dehydrogenase. Aldose reductase is present in 
the Schwann cell, and accumulation ol polyols (e.g., sorbitol, 
fructose) has been implicated in the pathogenesis of diabetic 
neuropathy* In a recent study, the severity of neurologic clini¬ 
cal signs and electrophysiologic abnormalities was best related 
to the blood glucose concentration; nerve w r ater content was 
significantly elevated in diabetic versus healthy cats, nerve 
glucose and fructose were increased eightfold and twelvefold 
in diabetic versus healthy cats, respectively, and nerve 
myoinositol content in diabetic cats was reduced to 80% oi 
the levels in healthy cats. * * 3 * 5 6 * * *- Myoinositol is a key element in 
many nerve cellular functions, and myoinositol depletion cor¬ 
relates with reduced nerve conduction velocity in diabetic 
nerves. 

such as glycosylation of myelin, in the pathogenesis of diabetic 
neuropathy in cats remains to be determined. 

Clinical signs of diabetic neuropathy include hindlimb 
weakness; impaired ability to jump; a plantigrade posture, 
with the cat's hocks touching the ground when it w r alks (see 
Figure 241-5); muscle atrophy, especially of the distal pelvic 
limb; depressed limb reflexes; deficits in postural reaction test¬ 
ing; and irritability on manipulation of the hindlimbs and 
feet, 32 * * Clinical signs may progress to include the thoracic 
limbs. Abnormalities on electrophysiologic testing, which are 
consistent w r ith demyelination at all levels of the motor and 
sensory peripheral nerves, include decreased motor and sen¬ 
sory nerve conduction velocities in the pelvic and thoracic 
limbs and decreased muscle action potential amplitudes. 9295 
Electromyographic abnormalities are usually absent but w r hen 
identified are consistent with denervation. The most striking 
abnormality detected on histologic examination of nerve 
biopsies from affected cats is Schw r ann cell injury; axonal 
degeneration is identified in severely affected cats. 

Currently, there is no specific therapy for diabetic neu¬ 
ropathy in cats Aggressive glucoregulation with insulin may 
improve nerve conduction and reverse the posterior weakness 
and plantigrade posture in some diabetic cats (see Figure 241-5). 
However, the response to therapy is variable, and the risks of 
hypoglycemia increase with aggressive insulin treatment. 
Generally, the longer the neuropathy has been present and 
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The role, if any, of other metabolic derangements, 


9.1, R4 


PROGNOSIS 


The prognosis for dogs and cats diagnosed with diabetes melli¬ 
tus depends in part on the owners' commitment to treating the 
disorder, the ease of glycemic regulation, the presence and 
reversibility of concurrent disorders, and the avoidance ot 
chronic complications associated with the diabetic state. The 

mean survival time for diabetic dogs and cats is approximately 

3 years from the time of diagnosis, although survival time is some¬ 

what skewed because dogs and cats are usually 7 years or older 

at the time of diagnosis, and the mortality rate during the first 

6 months is relatively high because of concurrent life-threatening 

or uncontrollable disease (e.g., ketoacidosis, acute pancreatitis, 

renal failure). 12 Diabetic dogs and cats that survive the first 

6 months can easily maintain a good quality of life for longer 

than 5 years with proper care by the owmers, timely evaluations 

by the veterinarian, and good client-veterinarian communication. 
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HYRERADRENOCORTJCrSM IN DOGS 


long been assumed that the pars intermedia does not actively 

secrete ACTH into the circulation. However, the results of a 
recent study in dogs suggest that the pars intermedia may con¬ 
tribute to circulating ACTH concentrations. 14 The physiologic 
function of peptides processed from POMC is an exciting area 
of neuroendocrine research that requires further investigation. 

In the adrenal cortex, ACTH stimulates the synthesis and 
secretion of several hormones, specifically glucocorticoids and 
androgenic steroids in the zona fascicuiata and zona reticularis 
and mineralocorticoids in the zona glomerulosa. The effect of 
ACTH is rapid; within minutes, plasma levels of these hor¬ 
mones rise. Because aldosterone is mainly regulated by the 
renin-angiotensin system and plasma potassium concentra¬ 
tions and because the amount of androgens produced is small, 

ACTH exerts its most important effect on glucocorticoids" 
The synthesis and release of glucocorticoids are almost exclu¬ 
sively controlled by ACTH. Cortisol is the major glucocorticoid, 
and this is the term used to describe glucocorticoids in the 
following section. Cortisol in turn inhibits ACTH release. 

In summary' cortisol secretion is closely regulated by 
ACTH, and plasma levels of cortisol parallel those of ACTH. 

Four mechanisms effect neuroendocrine control: 

* Secretion of ACTH in an ultradian pulsatile fashion, 
which is influenced by the hypothalamus. The number 

of pulses ranges from six to 12 per 24-hour period. 

* Stress responsiveness of the hypothalamus- 
adenohypophysis-adrenal gland axis. ACTH and 

cortisol are secreted within minutes after the onset 
of stress. Stress originates in the CNS and causes 
increased release of CRH and AVP. 

* Feedback inhibition of ACTH by cortisol Cortisol 

acts at multiple target sites, two of which have been 
i den ti fi e d: 


In 1932 Dr. Harvey Cushing, a neurosurgeon, documented 

presence of small, basophilic pituitary adenomas in 

human patients with clinical signs of adrenocortical hyper- 

function. \ears later, it was found that these tumors produced 

adrenocorticotropic hormone (ACTH), with resultant 

bilateral adrenocortical hyperplasia. In humans as well as in 
dogs and cats, pituitary ACTH hypersecretion (Cushing's dis¬ 
ease) is now recognized as the most common cause of natu¬ 
rally occurring hyperadrenocorticism [Cushing s syndrome). 

This condition must be distinguished from other natural 
causes, such as non-ACTH-dependent adrenocortical tumors 
and ACTH-secreting nonpituitary tumors (ectopic ACTH 
syndrome). The latter disorder has not been described in dogs 
and cats. It is also necessary to differentiate naturally occurring 
hyperadrenocorticism from iatrogenic causes, which result 
from chronic glucocorticoid therapy and probably 
the majority' of cases of hyperadrenocorticism. 


the 


excess 


constitute 


HYPOTHALAMUS—ADENOHYPOPHYSIS 

ADRENAL GLAND AXIS 


Neurotransmitters from the central 


nervous system [CNS) 

modulate the release of hypophysiotropic hormones, such 
corticotropin-releasing hormone (CRH) and arginine vaso¬ 
pressin (AVP), from neurons in the hypothalamus’ Roth CRH 
and AVP are considered the predominant stimulating neuro- 
hormones for ACTH secretion in vivo. > CRH consists of 41 
ami noacids, and its structure is identical in humans, dogs, rats, 
and horses. 2 CRH and AVP are released into the hypothalam- 
ohypophyseal portal blood system and travel to the corti- 
cotropic cells in the anterior pituitary, where they stimulate 
the release of ACTH. ACTH is a single-chain polypeptide 
comprising 39 amino acids. The amino acid sequence of 
ACTH is highly conserved. In all mammals studied thus far, 
the first 24 amino acids are identical. Canine ACTH differs 
bom human ACTH by only one amino acid residue, at 
tion 37. It is synthesized from a well-characterized precursor 
molecule, pro-opiomelanocortin (POMC), which also gives 
rise to a variety of other peptides coreleased with ACTH 
In contrast to humans, the adenohypophysis of dogs and 
cats has a pars distalis and a discrete pars intermedia (Figure 

242-1). The processing of POMC and the regulation of ACTH 

secretion differ between these two parts. The pars distalis 
produces mainly ACTH and beta lipotropin (beta-LPH) . The 
pars intermedia contains tw r o cell types and processes 
alpha melanocyte-stimulating hormone (alpha-MSH) and 
corticotropin-like intermediate lobe peptide (CLIP) in the 
predominant A cells. The B cells of the pars intermedia resem¬ 
ble the corticotrophs of the pars distalis, and cleavage of 

POMC is mainly into ACTH and beta-LPH (Figure 242-2), In 
the pars intermedia, the release of POMC-derived peptides is 
largely regulated by tonic dopaminergic inhibition.^ It has 


as 


neurons in the hypothalamus that produce 

CRFi and AVP, and corticotropic cells in the anterior 

pituitary. Two kinds of feedback are discussed: fast 

feedback ; which occurs rapidly and inhibition of which 

affects stimulated but not basal secretion, and slow 

feedback , which depends on steroid levels and leads 

to a decrease in ACTFI synthesis. Inhibition of slow' 

feedback affects both basal and stimulated ACTH 
release. 


posi- 


* Release of interleukin-] , interleukin-6, tissue necrosis 

factor, and other cytokines associated with infection, 

which activates the hypothalamus-pituitary-adrenal 
gland axis. 


ETiOPATHOLOGY 


Cushing's Disease (Pituitary-Dependent 
Hyperadrenocorticism) 

Approximately 80% to 85% of dogs with naturally occurring 
hyperadrenocorticism suffer from pituitary-dependent hyp 
adrenocortidsm (PDH), which is characterized by 
production of ACTH (Figure 242-3). In many cases the 
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by a primary pituitary defect, and increasing evidence substan¬ 
tiates this, such as the monoclonal character of corticotropic 
adenomas/ the occurrence of secondary adrenal insufficiency 
after selective resection of tumors," 1 and the low CRH con¬ 
centration in the cerebrospinal fluid ol dogs with PDH-. 10 The 
current view is that corticotropic adenomas are the result of a 
complex, multistage process of tumori gene sis. The earliest stage 
may be an inherited aberration that plays an initiating or pro¬ 
moting role. A report of the occurrence of PDH in a family of 
seven Dandle Dinmont terriers supports the role of genetic 
I actors. 11 Clonal expansion of the genomically altered cel l may 
be caused by an intrinsic mutation that results in activation of 
cell replication; hv extrinsic factors, such as intrapituitary 
growth factors; or by both these mechanisms. 

Some reports have addressed pituitary tumor size in dogs. 

was encountered in 








m 
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Figure 242-1 Schematic illustration of a median sagittal section 

through the canine pituitary gland. (Left is rostral, right is 
caudal.) 7, Sphenoid bone; 2, tuberculum sellae; 3, dorsum sellae; 
4, pituitary fossa; 5, pars distalls adenohypophysis; 6, pars 
infundibularis adenohypophysis; 7 r transitional zone; 8, hypophy¬ 
seal cleft or cavity; 9, pars intermedia adenohypophysis; 10, third 
ventricle; 7 7, hypothalamus (median eminence); 72, pars proxi- 
malis neurohypophysis; 73, pars distal is neurohypophysis, (From 
Meij B: Hypophysectomy as a 
Cushing's disease. Vet Clin North Am Small Anim Pract 3 L1021 r 

2001 .) 


The most extensive tumor proliferation 
dogs with a strong resistance to dexamethasone, therefore it 
was postulated that a pituitary tumors growth potential 
depends on the degree of insensitivity to glucocorticoid feed¬ 
back.^ Whether large tumors are more likely to arise from the 
pars intermedia than the pars distalis has long been the sub¬ 
ject of debate. Because the pars intermedia lacks glucocorti¬ 
coid receptors and extensive tumors appear to be resistant to 
glucocorticoids, tumors originating in the pars intermedia may 
grow larger than those in the pars distalis. However, it has also 
been stated that pituitary tumors do not always maintain the 
characteristics of the cells of origin and that PDH cannot be 
simply divided into either pars distalis or pars intermedia type 
by plasma alpha-MSH levels or dexamethasone resistance, H 
Another characteristic of corticotropic adenomas is their 
ability not only to produce ACTH but also to release exces¬ 
sive amounts of ACTH precursors. In dogs with PDH, the 
ACTH precursor concentration is significantly higher in ani¬ 
mals with large pituitary tumors compared with those with 
small tumors,* 5 It is important to be aware of this phe- 

clinician. ACTH precursors have low' biologic 
activity, therefore dogs with (large) pituitary tumors may have 
only subtle or no clinical signs of hyperadrenocorticism. 

PDH is also associated with alterations in the release of 
several pituitary hormones. It generally is agreed that gluco¬ 
corticoids inhibit the release of AVP in dogs. A recent study 
found that, compared w'ith controls, dogs with PDH had 
higher basal plasma levels of prolactin, low r er levels of growth 
hormone (GH), and similar levels of luteinizing hormone 
(LH) and thyroid-stimulating hormone (TSH). 


treatment for canine and feline 


pituitary lesions are small adenomas, although in some dogs 
large tumors, usually adenomas, are found. Pituitary carci¬ 
nomas, which appear to be rare in dogs, may invade sur¬ 
rounding structures. 5 In a small percentage of dogs with 
ACTH-dependent disease, corticotropic cell hyperplasia 
occurs rather than a tumor. Whether hyperplastic lesions 
occur exclusively or small pituitary tumors are missed during 
histopathologic examination is a matter of debate. 

In about 70% of dogs with PDH the tumors originate in 
the pars distalis, whereas in about 30% they arise either from 
the A cells or the B cells of the pars intermedia/ 1 

Tw r o hypotheses have been proposed lor the pathogenesis of 
PDH, According to one hypothesis, the disease results from a 
defect at the hypothalamic level. Secretion of ACTH from the 
pars intermedia is controlled by tonic dopaminergic inhibition, 
and some evidence indicates that dopamine affects the pars dis¬ 
talis of the adenohypophysis, A decrease in the central 
dopamine concentration has been proposed to result in dysreg- 
ulation of the hypothalamic-adenohypophysis-adrenal gland 
axis and, in turn, overproduction of ACTH and possible tumor 
formation, 7 According to the other hypothesis, PDH is caused 


nomenon as a 


]G 


Functional Adrenocortical Tumor 

Among dogs and cats with naturally occurring hyperadreno¬ 
corticism, 1 5% to 20% have a functional adrenocortical tumor 

(FAT), w hich secretes cortisol independent of pituitary' control. 


POMC 


POST-TRANSLATIONAL CLEAVAGE 


fl-LPH 


ACTH 1 - 39 


J PEPTIDE 


N-POMC 1 - 76 


ANTERIOR LOBE 


p-END 


7 -LPH 


u-MSH 


CUP 


73 -MSH 


J PEPTIDE 


PARS INTERMEDIA N-POMC 1 - 48 


Figure 242-2 Processing of pro-opiomelanocortm (POMC) in the anterior lobe and in the pars 

intermedia of the pituitary gland, J Peptide, Joining peptide; LPH , lipoprotein; MSH, melanocyte- 
stimulating hormone; CLIP, corticotropin-like intermediate lobe peptide; END , endorphin. 
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80-857, 


15-20% 


contralateral adrenal hyperplasia in 10 dogs; bilateral adrenal 
cortical adenoma in lour dogs; and adrenal carcinoma with 
contralateral hyperplasia in three dogs. Pituitary lesions 

included a chromophobe microadenoma in 12 dogs; pituitary 
macro adenoma in four dogs; and pituitary carcinoma in one 
dog Two years later the study was revised, and it was spec¬ 
ulated that some of these dogs actually may have had 

condition similar to macronodular adrenal hyperplasia in 
humans. 21 
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Adrenocortical Nodular Hyperplasia 

In humans, bilateral nodular hyperplasia with hyperadreno- 
corticism has been identified as a sequel to several patho¬ 
physiologic conditions. Long-standing ACTH hypersecretion 

may result in nodular enlargement of the adrenal gland. Over 
time, these nodules may become autonomous 
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Cortisol! 
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or semiau- 

tonomous. Another type of nodular hyperplasia has been 
called massive macronodular adrenal hyperplasia . This type is 
ACTH independent and is characterized by bilateral larg 
nodules that secrete exxessive amounts of cortisol This con¬ 
dition suggests that non-ACTH factors may induce cortisol 
secretion. 2 - 1 Recent studies indicate that receptors for various 
hormones may be abnormally expressed by the adrenal 
glands; for example, ectopic expression of the gastric 
inhibitory polypeptide receptor has been convincingly 
demonstrated.^ This polypeptide stimulates the release of 
cortisol in vivo and in intro. Jt is assumed that adrenocortical 

nodular hyperplasia also exists in dogs, although studies 
currently are lacking. 


Figure 242-3 Simplified schematic of the pituitary-adrenal 
axis in dogs with pituitary-dependent hyperadrenocorticism (left) 

and with functional adrenal tumor (right) 


e 


Cortisol in 


turn su PP resses CRH the hypothalamus and 
ACTH in the pituitary gland. The result of this chronic nega¬ 
tive feedback is cortical atrophy of the uninvoived adrenal 

g and and atrophy of all normal cells in the involved adrenal 
gland {see Figure 242-3), 

For many years it was assumed that adrenocortical tumors 
produced large amounts of hormone, more in fact than 
hyperplastic adrenal glands of dogs with PDH. However, the 
opposite appears to be true; in many dogs with an FAT the 
hormone excess and subsequent clinical signs are onlv mod¬ 
erate Therefore, even though adrenocortical tumors usually 
greatly exceed the size of the normal adrenal gland, the tumor 
tissue is only moderately active, and the neoplastic transfor¬ 
mation results in a decreased degree of function per unit of 
volume. 17 h is also possible that the cortisol synthesis path 
in dogs with an FAT is not intact. In humans, adrenal , 
mas tend to produce large amounts of intermediates in the 
biosynthesis of cortisol, and a partial or complete deficiency of 
11 -beta-hydroxylase is common. The existence of a similar 
phenomenon in dogs has recently been suggested, 1!1 

In dogs with an FAT, the right and left adrenal glands are 
affected with equal frequency. Usually a unilateral, solitary 

adrenal mass is seen, although bilateral tumors are found in 
approximately 10% of 

Information in the literature on the incidence of adenomas 
and carcinomas varies, but the two tumor types probably 
occur with equal frequency. As with other endocrine tumors, 
it is difficult to distinguish between adrenal adenomas and 
adrenal carcinomas. Differentiation of adrenocortical tumors 
and pheoebromocytoma may require a pathologist with expe¬ 
rience in special immunohistochemical staining techniques. In 
some cases adrenocortical tumors that initially had been diag¬ 
nosed as benign turned out to be malignant when metastases 
were discovered later 

Histologic differentiation between benign and malignant 
tumors is straightforward only when capsular or vascular inva¬ 
sion by the tumor has occurred. Otherwise, it is difficult to 
establish the biologic nature of the tumor, and distant metas¬ 
tasis may not occur, 1 ' 1 Interestingly, it is not uncommon for 

adrenocortical tumors to be associated with pheochromo- 
cytomaJ 

Simultaneous Occurrence of Pituitary 

and Adrenocortical Tumors 

The co-existence oi pituitary and adrenal tumors was recently 
described in 1 7 dogs with hyperadrenocorticism. Necropsy or 
surgery demonstrated unilateral adrenocortical adenoma with 


Clinical Findings 


Hyperadrenocorticism, or Cushing's syndrome, is one of the 

common endocrinopathies in dogs. The clinical signs and 

laboratory results in dogs with hyperadrenocorticism are 

largely attributable to chronic glucocorticoid excess and, to a 

much lesser extent, overproduction of adrenal androgens In a 

few cases, symptoms are due to tumor growth, local invasion 
of tumors, or metastases. 


most 


wa y 
carcino- 


Signalment 

Dogs with naturally occurring hyperadrenocorticism are usu¬ 
ally 6 years of age or older (the average age is 9 to II years] 

Of 10(1 dogs with Cushing's syndrome diagnosed in our clinic, 

only five were younger than 6 years, and all had PDH: two of 

the dogs were 5 years old (a German shepherd and a 

dachshund), one was 4 years old (a cocker spaniel), and two 

were 2 years old (a weimaraner and a puli). Dogs with an FAT 
tend to be older than dogs with PDH, 24 

A number of different breeds and mixed breeds with 

hyperadrenocorticism have been reported. The most com¬ 
monly represented breeds are poodles, dachshunds, beagles, 
boxers, and various terrier breeds. Approximately 75% of dogs 
with PDH weigh less than 20 kg, 24 FAT most often occurs in 
poodles, German shepherds, dachshunds, Labrador retrievers, 

and various terrier breeds. Approximately 45% to 50% of dogs 

\vith an FAT weigh more than 20 kg. 24 Between 55% and 60% 
of dogs with hyperadrenocorticism are female. 24 


cases. 


History and Physical Examination 

Dogs with hyperadrenocorticism may have a number of 
dramatic clinical 


sl g ns p although affected animals are usually 
stable condition. Severe apathy, vomiting, diarrhea, muscle 
pain and anorexia are not characteristic symptoms of 
Cushing s syndrome, therefore these signs indicate another 
disease or complications of hyperadrenocorticism (see below), 

1 he clinical signs of hyperadrenocorticism are the sequelae 
to the combined gluconeogenic, immune-suppressive, anti- 

inflammatory, protein catabolic, and lipolytic effects of gluco¬ 
corticoids exerted on various organ systems, PDH cannot be 
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distinguished from FAT on the basis of the type or duration of 
symptoms. 

Clinical signs, which may vary from mild to severe, depend 
the duration of the disease and the degree of cortisol excess. 
Usually the course of hyperadrenocorticism is insidious and 
slowly progressive. Rarely, clinical signs are intermittent, with 
periods of remission and relapse in dogs with mild diseased 
Fewer dogs are presented with severe clinical signs today than 
in years past, probably because of today's owners' heightened 

of their pets' problems. Consequently diagnosis ol 
the disease may be more difficult in dogs with mild symptoms. 

Typical symptoms include polydipsia, polyuria, polypha¬ 
gia, truncal obesity or abdominal enlargement (due to hep¬ 
atomegaly, muscle wasting and/or intra-abdominal fat 
accumulation], thin haireoat, failure to regrow shaved hair, 
alopecia (may or may not be bilaterally symmetric, usually 
sparing the head and extremities], thin skin, pyoderma, pant¬ 
ing, muscle weakness, muscle atrophy and lethargy. Less 
common signs are heat intolerance, seborrhea, comedones, 
hyperpigmentation, calcinosis cutis, bruising, testicular atro¬ 
phy, failure to cycle, clitoral hypertrophy, and facial paralysis 
(Table 242-1], In rare cases (five out of 800 dogs], 21 ' affected 

dogs develop a characteristic stiff gait, most often restricted to 
the pelvic limbs, called myotonia or myotonia-like syndrome , 

It is important to note that the number and severity of 
these signs vary remarkably. Dogs with Cushing's syndrome 
may have only one sign or may have almost all the signs listed. 
In out clinic, 30% of the dogs with hyperadrenocorticism had 
only polydipsia and polyuria, and 10% had only dermatologic 
problems (Figure 242-4). 

Dogs that develop Cushing's syndrome during tire first year 
of life show weight gain and growth retardation in addition to 
more typical signs (i.e., polydipsia, polyuria, and alopecia]. 

C linicopath ologic Ft ruiings 

When the results of the clinical examination lead to a pre¬ 
sumptive diagnosis of Cushing s syndrome, further diagnostic 
testing is required, including hematology a biochemical pro¬ 
file, urinalysis, radiography and, when applicable, ultrasonog- 
phy. These tests detect typical abnormalities associated with 
hyperadrenocorticism and rule out other diseases with similar 

such as chronic renal lailure, diabetes mellitus, liver dis¬ 
eases, hypothyroidism, diabetes insipidus, and the side effects 
of anticonvulsant drugs. Concomitant problems, such as urinary 
tract infection, can also be investigated. A definitive diagnosis 
of Cushing's syndrome necessitates specific tests. 


Table 242-1 


Clinical Signs in Dogs with Hyperadrenocorticism 


on 




INCIDENCE 
(% OF CASES) 


CLINICAL SIGN 


80-91 

60-74 

67-73 

51-67 

46-57 

14-57 


Polydtpsia/polyuria 

Alopecia 

Pendulous abdomen 

Hepatomegaly 

Polyphagia 

Muscle weakness 
A nes t ru s 
Muscle atrophy 
Comedones 
Panting 

Hyperpigmentatton 
Testicular atrophy 
Calcinosis cutis 
Facial nerve paralysis 




a w a re n ess 




54 


35 


25-34 


30 


23-30 


29 


8-15 


7 


Modified from Ling et al 3 979; Peterson ME: Hyperadrenocorticism 
In Peterson ME fed]: The Veterinary Clinics of North America. 

Endocrinology. Philadelphia, WB Saunders, 

1984, p 731; and unpublished data from the author. Not all symp¬ 
toms were mentioned fn all three studies, therefore the number of 
dogs varies among the symptoms. The total number of dogs in the 
three studies was 457, 

’From the history and physical examination. 
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26 


have a high sensitivity, their lack of specificity makes them 
unsuitable as diagnostic tests. The increase in ALP activity' 
may be dramatic; levels above 1000 U/L are frequently seen. 
However, no correlation exists between ALP activity and the 
severity of hyperadrenocorticism, the response to therapy, or 
the prognosis. 

In 50% to 80% of dogs, a mild increase in alanine amino¬ 
transferase [ ALT] activity is seen (less than 400 IU/L), which 
is attributed to hepatocellular leakage associated with cell 
swelling or minor necrosis. Mild to moderate increases in the 
cholesterol and triglyceride concentrations are common (50% 
to 90% of dogs) and are believed to be the result of increased 
lipolysis. Often affected dogs have alterations in glucose 
metabolism, although only about 10% of dogs develop overt 
diabetes mellitus. Mild fasting hyperglycemia may be seen in 
30% to 40% of dogs. The blood urea nitrogen and creatinine 
concentrations are low as a result of diuresis in about 30% to 
50% of cases. Hypophosphatemia has been described in 38% 
of 300 dogs with hyperadrenocorticism. 30 Mild increases in 
the sodium concentration and mild decreases in the potassium 
concentration occur in few dogs with Cushing's syndrome. 

Serum bile acids may be mildly elevated in up to 30% o! 
cases 31 When primary liver disease is considered a major 
differential diagnosis, this finding, together with an elevation 
in liver enzymes, may be confusing (Table 242-2]* 

Urinalysis 

tic workup. It is recommended that owners obtain a urine 
pie for determination of the specific gravity at home, 
Collection of a urine sample in hospitalized dogs with 
Cushing's syndrome is not recommended, because water intake 

often is decreased in 

deprived dogs with hyperadrenocorticism are able to concen¬ 
trate the urine, with specific gravities reaching L025 to L035. 
In 85% of dogs with Cushing's syndrome, the urine specific 


26 


ra 


signs, 


Hemogram Under the influence of increased glucocorti¬ 
coids, most dogs develop a so-called stress leukogram, which 
is characterized by neutrophilia without a left shift, lym¬ 
phopenia, eosinopenia, and monocytosis. Neutrophilia does 
not imply greater resistance to infection in affected dogs, 
because cell function is impaired. Not all changes are present 
dogs with hyperadrenocorticism, but lymphopenia and 

the most consistent abnormalities. It should 


m 


eosinopenia are 
be emphasized that a stress leukogram is a nonspecific finding 
that occurs in many sick dogs. In our clinic, 87% of the dogs 
with hyperadrenocorticism have thrombocytosis, with counts 

ranging from 403,000 to 1,140,000 plaielets/pL. 


Urinalysis is an important part of the diagnos- 


Biochemical profile About 85% to 95% of dogs with 

hyperadrenocorticism show increases in serum alkaline phos¬ 
phatase (ALP) activity'. This is partly due to the induction of 

a glucocorticoid isoenzyme, which is unique to the dog and 

hyperglycosylated form of the intestinal isoenzyme, 2 
Some maintain that determination of the levels of this isoen¬ 
zyme is a valuable test in the diagnosis of hyperadrenocorti- 

Several methods, such as levamisole inhibition 2 * and 
heat inactivation, 23 have been described. Although these tests 
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Figure 242-4 A, Dachshund with 
obesity, truncal alopecia, 

tumor show 


pituitary-dependent 


■ b. Fox terrier with 


functional adrenal 


a 


ing truncal obesity and 


truncal alopecia; the latter is less 


in A. C r Ter rier cross 


icism show 


ent 


ing ventral alopecia, 

icism 
syndrome, 

ent hyperadrenocorticism show! 

ing severe 


thin ski 


n. 


v 


j 


r- 


r- 


f 


p 


m 


snowing a 
occurs in 


. inv 


myotonia 


m 


t ca 


only a few dogs. E, Dachshund with oi 


i 


mg 


calcinosis cutis. E Boxer with 


■ 


■# 


pituitary-dependent hvperadrenocoriidsm show 


calcinosis cutis 


















• Hyperadrenocorticism 


1597 


CHAPTER 242 


performed. Determination of the circulating thyroid - 
stimulating hormone (cTSH) concentration is not always 
helpful; although dogs with Cushing's syndrome usually have 
normal or decreased cTSH concentrations, about one third of 
dogs with hypothyroidism have low-normal cTSH concentra¬ 
tions. 3 ^ 38 Thyroid hormone supplementation is thought to be 
unnecessary because thyroid hormone concentrations return 
to normal after successful treatment of hyperadrenocorticism. 


are 




Frequently Encountered Clinicopathologic 
Abnormalities in Dogs with Hyperadrenocorticism 






INCIDENCE 

(% OF CASES) 




CINICOPATHOLOG 1C FINDINGS 




85-95 

50-90 

50-80 

30-50 

30-40 


Increased ALP 

Hyperlipidemia 

I ncrec sect A LT 
Decreased BUN 
Fasting hyperglycemia' 
Hypophosphatemia 

Urine specific gravity <1.015-1.020 
Proteinuria (UPC >1.0) 

Urinary tract infection 
Clucosuria 


Diagnostic imaging 

Thoracic radiographs Radiographic manifestations of 
hyperadrenocorticism include mineralization of the tracheo¬ 
bronchial tree and pulmonary parenchyma. Although these 
abnormalities appear to be significantly more common in dogs 
with hyperadrenocorticism, they are considered nonspecific. 39 
Even though the clinical consequences have not been fully 
elucidated, pulmonary mineralization may contribute to the 
hypoxemia seen in dogs with hyperadrenocorticism. 

In dogs with an adrenal tumor, thoracic radiographs should 
be examined for metastases Pulmonary thromboembolism is 
a potential complication of hyperadrenocorticism (see 
below). In dogs with sudden onset of dyspnea, radiographs 
should he carefully evaluated for abnormalities. 

Abdominal radiographs Radiographic findings associated 
with Cushing's syndrome are hepatomegaly, obesity, and good 
contrast and mineralization of the adrenal glands and other 
soft tissue structures. However, it was recently shown that 
hepatomegaly, obesity, and osteopenia are nonspecific and also 
may be seen in dogs with diabetes mellitus or hypothyroidism. 
The same study also reported that adrenal mineralization and 
calcinosis cutis were rarely seen and only in dogs with hyper- 
adrenocortirism, 39 Approximately 50% of adrenal tumors are 
calcified, which allows good radiographic visualization. 
No difference is seen between adenomas and carcinomas 
regarding calcification; approximately 50% of both types 

undergo calcification. 

Ultrasonography An increase in experience among radiol¬ 
ogists and improved resolution of imaging equipment have 
made visualization of the adrenal glands possible in almost 

all healthy dogs. However, a systematic approach is neces- 

for accurate identification and evaluation of the glands. 






38 


80 


60-80 

40-50 


Mi 


10 


From Peterson ME: Hyi^radrenocortirism. In Peterson ME [ed): 
The Veterinary Clinics of North America, Small Animal Practic 
Endocrinology. Philadelphia, WB Saunders, 1984, p 731; 
Feldman EC, Nelson RW: Canine and Feline Endocrinology and 
Reproduction, 2nd ed. Philadelphia, WB Saunders, 1996, p 187; 

and from unpublished data from this author 

*Only about 10% of dogs develop overt diabetes mellitus, 

ALP, Alkaline phosphatase; ALT, alanine aminotransferase; 

BUN, blood urea nitrogen; UPC, urine protein concentration. 


gravity of samples obtained at home is less than 1.015 to 
1.020. 26 Glucosuria occurs in dogs with overt diabetes melli¬ 
tus. Glucose is not found in the urine of dogs with hyper¬ 
glycemia below the renal threshold. Many dogs with 
hyperadrenocorticism have proteinuria, which in some may 
he due to urinary tract infection. The urine protein/creatinine 
ratio in dogs with Cushing's syndrome usually ranges from 1.0 

to 6.0 (normal is less than 1.0). 

Long-term administration of glucocorticoids results in 

glomerular lesions and proteinuria in dogs. 32 The mechanisms 
by which glueocorticoids cause glomerular disease are not yet 
fully understood. Glucocorticoids may enhance the develop¬ 
ment of antigen excess by delaying clearance of immune 
complexes. Glomerular damage may also be caused by hyper¬ 
tension; many dogs with hyperadrenocorticism are hyperten¬ 
sive, and a relationship between hypertension and proteinuria 
has been postulated. 33 Proteinuria in dogs with hyperadreno¬ 
corticism does not lead to hypoalbuminemia. 

Almost 50% of dogs with hyperadrenocorticism have a 
urinary tract infection, 34 and bacterial culture of a urine 
pie obtained by cystocentesis should be performed in all 
such dogs. As a result of immunosuppression and/or dilution, 
urinary' sediment frequently is inactive despite bacterial infec¬ 
tion, therefore sediment examination must not replace urine 

culture. 

Thyroid function tests 

hyperadrenocorticism have a total serum thyroxine (T 4 ) 
centration below the reference range. Free T 4 is low in about 
25% of cases. 35 Possible mechanisms include alterations in 

thyroid hormone binding and/or alterations in periph¬ 
eral hormone metabolism. Glucocorticoids may also suppress 
TSH release from the pituitary. In dogs with clinical signs 
suggestive of both hyperadrenocorticism and hypothyroidism 
(alopecia, weight gain, lethargy), diagnosis may be difficult, 
and misdiagnosis may occur if the endocrine tests are not 
carried out in the correct order In such cases, hyperadreno¬ 
corticism must be ruled out before tests lor hypothyroidism 


41 


sary 

Measurement of the dorsoventral dimension (thickness) 

to be the most accurate means of assessing size. 


appears 

Normal thickness has been reported to be 3 to 7.5 mm. 4243 
In dogs with PDH, the adrenal glands have a bilaterally sym¬ 
metric appearance. It is important to remember that the abso¬ 
lute adrenal thickness is of limited diagnostic value because 
reference ranges have been established with limited numbers 
of dogs; different breeds may have different reference ranges; 
diseases other than hyperadrenocorticism may cause 
adrenomegaly (possibly stress related); and the measurement 

be within the reference range of a dog population but 

individual dog. Ultrasonography, 


may 

may be enlarged for an 

therefore, should not be used to diagnose Cushing's syndrome 
but rather to differentiate PDH from FAT The shape and 
echogenicity' of the adrenal glands in dogs with PDH 
ally normal although focal areas of increased echogenicity and 

loss of the bilayer appearance are possible. 

In comparison, the affected adrenal gland of a dog with an 
FAT often has an irregular, rounded shape with mixed 
echogenicity. In some cases the tumor appears as a homage- 

nodule (Figure 242-5). The size and shape of adrenal 
tumors are variable and do not allow differentiation between 
adenoma and carcinoma. In a study of a small number of dogs 
with an FAT, all tumors of a thickness greater than 4 
align ant. 44 Therefore the likelihood that an adrenal tumor 
malignant may increase as its size increases. Other possible 
ultrasonographic findings include adrenal mineralization, 
renal displacement, and compression or invasion of the caudal 
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cava (Doppler ultrasonography i 
diagnosing compression or invasion). Both adrenal glands 
should always be visualized, for several reasons: (]] bilateral 
tumors do occur; (2) in quite a few dogs, the adrenal gland 
contralateral to an adrenal tumor is not decreased in size, and 
the diagnosis would be missed if only the 
imaged 45 ; and (3) concurrent FAT and PDH 


valuable tool for 


v e n a 


Specific endocrine testing Further diagnostic workup of 
dogs suspected of having Cushing's disease is a two-step proce¬ 
dure The hrst step is to confirm hyperadrenocorticism, and the 
second is to differentiate between PDH and FAT Because the 
treatment protocols and risks are different for PDH and FAT, 
the second step should always be undertaken In dog 
unilateral adrenal tumor, adrenalectomy may 

of choice, although owners should be informed of the risk of 
metastasis (approximately 50% of FATs are carcinomas). When 
mitotane is the chosen treatment, the dose usually is higher for 
dogs with FAT than for those with PDH. Therefore, if the 

etiology is unknown, dogs that have an FA7 may not respond to 

a dose of mitotane tailored for treatment of PDH. In addition, 
it is i m port ant to di agn ose a i i FAT 

be informed of the risk of tumor growth, 

I he screening tests used routinely 

hyperadrenocorticism 


is a 


gland 


norma 


is 


s with 


are possible. 

Ultrasonography is useful for detecting local invasion and 
distant metastases in dogs with an FAT and for revealing other 
abnormalities, such as urinary calculi and an enlarged renal 
pelvis [indicating pyelonephritis). In most dogs with hyper- 
adrenocorticism, the liver is enlarged and has increased 

echogenicity, As with most diagnostic tools, ultrasonography 

has its limitations; it is difficult or impossible to differentiate 
between bilateral nodular hyperplasia and bilateral adrenal 
tumors, and between an FAT and other adrenal tumors (e g., 
p h eoc h rom oe y t o m a 


treatment 


so that owners can 


corre 


the diagnosis of 
are the urine cortisol to creatinine 


or metastatic tumor) 


Figure 242-S A, Longitudinal ultrasonographic view ol the left adrenal gland of a healthy dog. 
Tin adrenal gland is peanut shaped and hypoechoic compared to the surrounding tissue. It i 
2 9 Lin long and 0.5 cm wide (thick). B, Longitudinal ultrasonographic view of the left adrenal 
ghnd oi a dog with pituitary-dependent hyperadrenocorticism. The adrenal gland is still peanut 
shaped hut n is plumper than the one shown in A. This adrenal gland is 2A cm long and 0.8 cm 
v\ ide (thick), h should be noted that measurements have limited diagnostic value, because the 
adrenal size ol a variety ol dogs with pituitary-dependent hyperadrenocorticism falls within 
reference ranges. C* Longitudinal ultrasonographic view of a right-sided adrenocortical 
The adrenal gland is seen as a rounded mass with increased echogenicity (length 2.7 

[thickness], ] .3 cm). 
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(C:C) ratio, the ACTH stimulation test, and the low-dose dex- 
amethasone test. The question as to which of these is the best 
screening test is difficult to answer; each has advantages and dis¬ 
advantages. For a sound interpretation of these tests, their accu¬ 
racy, sensitivity, and specificity must be considered, as well as 
the prevalence of the disease. As a general rule, it is extremely 
important that dogs he carefully selected for testing and that 
the test be delayed if concomitant disease is a factor Also, test 
results should be interpreted in relation to clinical signs, 

Differentiating tests for hyperadrenocorticism include the 
extended low-dose dexamethasone test, high-dose dexam- 
ethasone test, extended urine C:C ratio, measurement of the 
ACTH concentration, adrenal ultrasonography, computed 
tomography (CT) and magnetic resonance imaging (MRI). 
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Screening tests 

Urine cortisol to creatinine ratio 
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Measurement of the urine 
C:C ratio is an easily performed test of adrenocortical func- 

In animals with hyperadrenocorticism, urine cortisol 
excretion increases as a reflection of augmented adrenal corti¬ 
sol secretion. 46 Determination of the urine C:C ratio provides 
an integrated picture of glucocorticoid production by adjust¬ 
ing for fluctuations in plasma levels.'* 7 Numerous studies on 
the diagnostic value of the urine C:C ratio 4 have concluded 
that this test has a high sensitivity {up to 100%) but a low 
specificity (values as low as 20% are given) {Figure 242-6). 
Therefore determination of the urine C;C ratio has been 
advocated as a good test for ruling out hyperadrenocorticism. 

Several important points should be considered when the urine 
C;C ratio is used. Most corticoid measured in the urine is free 
cortisol. However, depending on the assay used, varying amounts 
of cortisol metabolites may be detected. It is imperative, there¬ 
fore, that each laboratory generate its own reference ranges. It is 
preferable that morning urine samples be submitted, although 
consistent diurnal fluctuations have been demonstrated. 46 
Also, urine samples for determination of the cortisol/ 
creatinine ratio should be collected at home by the owner to 
avoid the influence of stress on glucocorticoid secretion. 4H 
When the urine C:C ratios of 111 dogs with PDH were 
pared with those of 49 dogs with an FAT, the highest 
values were found in dogs with PDH. In dogs with a urine 
C:C ratio greater than 100 x 1CH [reference range, less than 
10 x KH), the calculated probability' of PDH is 90%. 

ACTH stimulation test The ACTH stimulation test, which 

the response of the adrenal glands to maximal 
ACTH stimulation, is a test of adrenal gland reserve. The 
major function of this test is to diagnose or rule out hypo¬ 
adrenocorticism. It has a sensitivity of 60% to 85% and a 
specificity of 85% to 90% {Figure 242-7). The sensitivity' is 
higher (up to 85%) for the diagnosis of PDH than for the 
diagnosis of FAT (approximately 60%). 4H However, it is not 
possible to differentiate PDH from an FAT by means of the 
ACTH stimulation test on an individual case basis. 

Several test protocols have been described that use either 
aqueous porcine ACTH gel (Acthar® Gel, Questcor 
Pharmaceuticals, Inc., Union City, USA; not available in cer¬ 
tain countries) or a synthetic polypeptide containing the first 
24 aminoacids of ACTH (Cortrosyn, Synacthen), Plasma sam¬ 
ples are obtained before and 2 hours after intramuscular injec¬ 
tion of 2.2 lU/kg of ACTH gel to determine the cortisol 

concentration. With the synthetic preparations, most protocols 
recommend collection of plasma before and 1 hour after intra¬ 
muscular or intravenous 51 administration of 250 fig of synthetic 
ACTH. However, maximal stimulation of the adrenal glands 
can also be achieved with a dosage of 5 pg of synthetic ACTH 
per kilogram of body weight. 52 Reconstituted ACTH can he 
stored in plastic syringes at -20° C for 6 months.^The normal 
baseline cortisol concentration is 0.5 to 6 pg/dL, and the 
normal post-ACTH cortisol concentration is 6 to 17 pg/dL, 
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Figure 242-6 A, Urine cortisol to creatinine (C:C) ratios from 

healthy dogs, dogs with naturally occurring hyperadrenocorti- 
cism, and dogs with polyuria and polydipsia due to disorders 
other than hyperadrenocorticism. These values illustrate that the 
C:C ratio is a sensitive test for Cushing s syndrome, but it is not 
specific and should not be used as the sole test to confirm a diag¬ 
nosis. B, Box plots of the urine C;C ratios found in normal dogs, 

dogs with hyperadrenocorticism (HAC), dogs in which hypera¬ 
drenocorticism initially was suspected but that did not have the 
disease (suspect HAC), and dogs with a variety of severe nona¬ 
drenal diseases. The number of dogs in each group is shown in 
parentheses. The box represents the interquartile range from the 
25th to the 75th percentile (representing the middle half of 
the data). The horizontal bar through the box is the median. The 
whiskers"' represent the main body of data, which in most cases 
is equal to the range. Outlying data points are represented by the 
circles »exact values are given for these cases). These data illus¬ 
trate that the urine C:C ratio is sensitive but not specific for the 
diagnosis of Cushing's syndrome. (A from Feldman EC, Mack 
RE: Urine cortisol:creatinine ratio as a screening test for hypera¬ 
drenocorticism in dogs, J Am Vet Med Assoc 200:1637, 1992; 
B from Smiley LE, Peterson ME: Evaluation of a urine cortisol: 

creatinine ratio as a screening test for hyperadrenocorticism in 

dogs. J Vet Intern Med 7:163, 1993.) 
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Post-stimulation cortisol values between 1 7 and 22 pg/dL are 
considered borderline; values above 22 pg/dL are consistent 
wi th h ype radrenocorti c is m, 

There are several reasons to use of this test despite its rela¬ 
tively low sensitivity, First, it is the only test to differentiate 
between iatrogenic and naturally occurring hyperadrenocorti¬ 
cism. Second, because the test is frequently used to monitor 
medical therapy, it appears helpful to know the stimulation 
capacity of the adrenal glands prior to treatment. A possible 
third reason was recently revealed. It has been hypothesized 
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should be avoided il possible. In general, a definitive diagnosis 
ot hyperadrenocorticism should never be made solely on the 
basis of positive test results; the history and clinical findings 
should be considered carefully with each dog. 

J he extent to which phenobarbital treatment affects the 
results of screening tests is unclear. A review of the literature 
suggests that test results probably are not affected by this drug. 

Glucocorticoid-induced alkaline ph osph a lose isoenzyme, liver 
b ( opsy, and combined dexamethasone suppression and A C TH 
stimulation tests None of these tests give reliable results, 
therefore they are not recommended as screening tests for 

hyperadrenocorticism. 
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Differentiating tests 

Extended low-dose dexamethasone suppression test In dogs 
with an FAT, pituitary ACTH secretion is suppressed as a 
result of autonomous secretion of cortisol from the 
Administration of dexamethasone has no effect 
it ary, and cortisol secretion therefore 
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Iatrogenic Cushing's 
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tumor. 
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on the pitu- 

continues. Pituitary 

tumors have variable sensitivities to feedback inhibition, and 

the result is different response patterns after dexamethasone 
application. 

The LDDS test can be used to identify dogs with PDH 
based on three criteria: a 4-hour cortisol concentration of less 
than 1.4 pg/dL; a 4-hour cortisol concentration of less than 
5U% of the basal cortisol concentration; and an 8-hour corti¬ 
sol concentration of less than 50% of the basal cortisol 
centration but equal to or greater than 1.4 pg/dL, When 
more of these criteria are met, the dog most likely has PDH. 

Approximately 25% of dogs with PDH have a 4-hour 
tisol concentration ofless than 1,4 pg/dL; 60% have a 4-hour 
cortisol concentration of less than 50% of the basal 
centration, and 25% have an 8-hour cortisol concentration of 
less than 50% of the baseline value. Overall, approximately 
60% of dogs with PDH meet at least one of the three criteria. 
Dexamethasone resistance (none of the criteria are met) 

m about 40% of dogs with PDH and in virtually all 
dogs with an FAT 5,5 In such dogs another differentiating 
must be used (see Figure 242-8). 

A significant positive correlation was found between the 

size of the pituitary tumor and resistance to dexamethasone 

using the high-dose dexamethasone suppression test. 13 

According to a preliminary study, similar results may be 

achieved with the LDDS test. Dogs with large pituitary 

tumors were significantly more often resistant to dexametha- 

sone (according to the criteria cited above) than dogs with 
small tumors. 57 


Baseline 
plasma cortisol 


Post stimulation 

plasma cortisol 


Time 

Figure 242*7 Mean radioimmunoassay (R1A) plasma cortisol 

concentrations (±2 SD) determined before and 1 hour after 

administration of synthetic ACTH in control dogs, dogs with 

spontaneous hyperadrenocorticism, and dogs with iatrogenic 
h v peradre nocort icis m ♦ 


con- 
one or 


that some dogs with hyperadrenocorticism that have normal 
ACTH stimulation results, in fact have a derangement of the 
steroid synthesis pat h way; this would lead to abnormal I v 
increased precursor concentrations but normal concentrations 
ot the end product, cortisol. Preliminary' evaluations revealed 
that 1 1 -hydroxprogesterone, one ol the precursors, showed 
exaggerated response to ACTH stimulation in dogs with 
Cushing's syndrome, which had abnormal or normal cortisol 
responses,- 4 Further studies are needed to confirm whether 
the measurement of 17-hydroxprogesterone or other pre¬ 
concentrations is helpful in the diagnosis of 
Cushing's syndrome. 

Low-dose dexamethasone suppression test Dexamethasone is 
a synthetic glucocorticoid that does not cross-react with corti¬ 
sol assays, there! ore it can be used to evaluate the pituitary- 
adrena 1 gland axis. In norma] dogs, the cortisol concentration 
decreases 2 to 3 hours after administration of dexamethasone 
and remains low for up to 24 to 48 hours. In dogs with hyper¬ 
adrenocorticism, the pituitary-adrenal gland axis is abnor¬ 
mally resistant to the suppressive effects of dexamethasone 
and/or dexamethasone is metabolized more rapidly than 
normal. For the low r -dose dexamethasone suppression 
(LDDS) test, blood samples are collected before and 4 and 
8 hours after intravenous administration of dexamethasone 
dosage of 0.01 mg/kg. Either dexamethasone sodium phos¬ 
phate or dexamethasone in polyethylene glycol may be used. 
In normal dogs the cortisol concentration is less than 1 A pg/dL 
at 4 and 8 hours after dexamethasone administration. The 
cortisol concentration 8 hours after dexamethasone adminis¬ 
tration is used to detect hyperadrenocorticism; a concentra¬ 
tion equal to or greater than 1.4 Jig/dL is consistent with 
hyperadrenocorticism. The cortisol concentration at 4 and 
8 hours after dexamethasone administration is also used as a 
differentiating test (see later). For the diagnosis of hyper¬ 
adrenocorticism, the sensitivity of the test at 8 hours after 
dexamethasone administration is higher (85% to 95%) than 
the specificity (70% to 75%) (Figure 242-8). 4e 

Misleading results All three screening tests can have false¬ 
positive results in dogs suffering from nonadrenal disease, 55 
therefore testing of such animals for hyperadrenocorticism 


cor- 


con- 


an 


occ u rs 


test 


cursor 


canine 


High'dose dexamethasone suppression test Traditionally the 
high-dose dexamethasone suppression (HDDS) test has been 
used to differentiate PDH from an FAT, In dogs with an FAT, 
even large doses of dexamethasone should not suppress 
plasma cortisol levels. In contrast, administration of a large 
dose of dexamethasone should suppress ACTH secretion in 
most dogs with PDH. The test protocol is the same as that 
for the LDDS test except that a dexamethasone dosage of 
0.1 mg/kg is used. Suppression is defined as a cortisol concen¬ 
tration less than 50% of the baseline concentration or less than 
1.4 pg/dL at 4 or 8 hours after injection of dexamethaso 
Suppression of the cortisol concentration occurs in approxi¬ 
mately 75% of dogs with PDH, whereas suppression virtually 
never occurs in dogs with an FAT. The HDDS test, therefore, 
is interpreted as follows: If the cortisol concentration is 
suppressed, a dog most likely has PDH; if no suppression of 
cortisol levels occurs, a dog may have either PDH or an FAT. 

According to the results of 


at 


a 


ne. 


one study, 13 if the cortisol 
concentration is not suppressed in the HDDS lest, a dog with 

PDH may have large pituitary tumors. 

Many dogs with PDH that show suppression of the corti¬ 
sol concentration on the FIDOS test also show cortisol 





















Hyp era drenotorti cism 


1601 


CHAPTER 242 


* 


7 


7 




6 


6 r 


T> 


5 




3 5 




O) 








O 4 


4 > 


8 


0? 


€ 


r 


o 


o 3 - 


8 3 


E 






2 


tn 


2 




CD 


CO 




CL 


a 


1 


1 - 


I 


I 


i. 




k 


i 


0 


L 


L 


1 


1 




0 


8 


6 


2 


4 


6 7 8 


0 


0 12 3 4 

Hours 


Hours 


B 


A 


7 


7 


6 


6 


' 




T3 


5 


■&> 




.1, 


± 


§*' 


4 


o 


'€ 




€ 


8 3 - 


8 3 


CD 


CD 


E 


2 


CD 


10 


2 - 


CD 


0- 


£L 


1 


1 - 


L, 


1 




0 


i 


i 


i 


8 


0 


6 


2 


4 


0 


8 


6 


2 


4 


0 


D 


Hours 


C 


7 


6 - 


ID 


5 - 


cfc 


± 


4 


s 


t 


8 3 - * 




CD 


E 


V 


\ 


</> 


2 - 


V 


CD 


\ 


CL 


1 


l 


i 


L 


0 


8 


6 


2 


4 


0 


E 


Hours 


Figure 242-8 Mean plasma cortisol concentrations before and after administration of a low dose 

of dexamethasone in (A) 27 normal dogs; (B) 48 dogs with adrenocortical tumors; (C) 130 dogs 

with pituitary-dependent hyperadrenocorticism [PDH); (D) the dogs among the 178 with 

Cushing's syndrome that had at least one plasma cortisol concentration less than 1 A pg/dL after 

dexamethasone administration (total, 54; each had PDH); and (E) the dogs among the 178 with 

one plasma cortisol 


Cushing's syndrome that, after dexamethasone administration, had at least 
concentration less than 50% of the baseline concentration (total, 95; each had PDH) . Note the two 

for graphs B r C, D, and E. These represent the use of dexamethasone sodium phosphate 
(dashed line) and dexamethasone in polyethylene glycol (solid line). No significant difference in 
results is seen with these dexamethasone products. (From Feldman EC, Nelson RW: Canine and 
Feline Endocrinology and Reproduction, 2nd ed, Philadelphia, WB Saunders, 1996, p 227.) 
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suppression on the LDDS test. In one large study, 5 * the 
HDDS test results provided additional information in only a 
small percentage of dogs (26 of 216 [12%]). It therefore 
appears useful routinely to perform an extended ] DDS test in 
dogs suspected of having Cushing's syndrome. In dogs with 
dexamethasone resistance, rather than a HDDS test, it proba¬ 
bly would be more efficient to perform one of the other dif¬ 
ferentiating tests, such as measurement of endogenous ACTH 
or adrenal ultrasonography. 

Extended urine cortisol to creatinine ratio The extended 

urine C:C ratio combines a screening test (urine C:C ratio) 
with a differentiating test (a special form of the HDDS test). 
Urine samples are collected at home for 3 consecutive days 
for determination of the C:C ratio. After the second urine 
sample has been collected, the owner administers 0,1 mg/kg 
of dexamethasone, per os, at 8-hour intervals (three times). 
The mean is calculated from the first two urine samples and 
15 used as baseline urine C:C ratio. Provided the baseline urine 
C:C ratio is elevated, a diagnosis of PDH is justified if the ratio 
of the third sample is less than 50% of the baseline valued 7 
The advantage of this test is that it can be performed at 
home. Disadvantages include the limited specificity of the 
urine C:C ratio and possible owner error associated with 
administration of the dexamethasone tablets. Little 
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information is available regarding the accuracy of this test. 

Endogenous ACTH Determination of the ACTH 
tratjon is a reliable test for differentiating PDH from an FAT. 
In dogs with an FAT, the ACTH concentration is suppressed 
through negative feedback, whereas in dogs with PDH, the 
pituitary tumor secretes ACTH, Rapid processing of the 
sample is important because the hormone disappears quickly 
from fresh whole blood. Blood should be collected into a 
chilled plastic tube containing ethylenediamine tetra-acetic 
acid (EDTAj and immediately centrifuged at 4° C The 
plasma should be stored at -20° to -70° C, then packed on 
dry ice and shipped to a laboratory. Addition of the protease 
inhibitor aprotinin (500 kallikrcin inactivator units per 
milliliter of blood) to the EDTA tube may prevent rapid 
breakdown of ACTH, 58 Not all assays for human ACTH 
be used in the dog, therefore validation is imperative. 

The reference range for ACTH is 20 to 100 pg/mL, 
Concentrations ol ACTH less than 20 pg/mL are strongly sug¬ 
gestive of an FAT, and concentrations greater than -45 pg/mL 
are consistent with a diagnosis of PDH. The range between 20 
and 45 pg/mL is considered nondiagnostic. It should be noted 
that reference ranges and cutoff values may differ among 
laboratories. In one study, approximately 70% of dogs with 
FAT had ACTH concentrations less than 20 pg/mL; in the 
remaining dogs, the ACTH concentration was in the nondiag¬ 
nostic range. 24 In another study, 85% to 90% of dogs with 
PDH had ACTH concentrations greater than 45 pg/mL, and 
in the remaining 10% to 15%, the levels were nondiagnostic, 

In dogs with a nondiagnostic test result, another sample 
should be submitted or another differentiating test performed 
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Figure 242-9 Endogenous plasma ACTH concentrations from 

clinically normal dogs, dogs with functioning adrenocortical 
cinomas 


car- 


or adenomas, and dogs with pituitary-dependent hyp 

adrenoc ortic ism (PDH), Each box represents the interquartile 

range from the 25th to the 75th percentile (the middle half of the 

data). The horizontal bar through the box is the median. The 

"whiskers ' represent the main body of data, which in most cases 

is equal to the range. Outlying data points are represented by the 

circles. (From Feldman EC, Nelson RW: Canine and Feline 

Endocrinology and Reproduction, 2nd ed. Philadelphia, WB 
Saunders, 1996, p 230 ) 


er- 


can 


interstitial 


space. Contrast enhancement of a pituitary tumor 
improves its detection and allows delineation of tumor from 
peritumoral edema and adjacent neural structures. 

In dogs, pituitary tumors grow dorsaUy. The so-called 
suprasellar tumor extension is partly a reflection of the incom¬ 
plete diaphragm a sella, which provides minimal 
Growth may result in invagination into the third ventricle, 
and the tumor may eventually compress and/or invade the 
hypothalamus and thalamus and, when large enough, other 
brain structures. In contrast to humans with pituitary tumors, 

the optic chiasm in dogs is usually spared because of its 
rostral location. 


an 


resistance. 


(Figure 242-9), 

Ultrasonographic examination of the adrenal ghouls Adrenal 

ultrasonography is an extremely valuable tool for differen¬ 
tiating PDH from an 


more 


FAT (see Ultrasonography, above). 


Currently we recommend that CT (or MR1) be performed 
dogs with PDH because of the potential risk of a large 
tumor (see below). However, CT and MRI cannot replace 
endocrine function tests; because about half of pituitary 
tumors are not visible. In addition, CT and MR! do not differ¬ 
entiate between a functional and nonfunctional mass (Figures 

242-10 and 242-1 1). 

Computed tomography The size of the pituitary gland 
among different breeds of dogs and among dogs of the 
same breed. In 35 healthy dogs, CT measurements of the pitu¬ 
itary gland ranged from 3.2 to 5,1 


Advanced diagnostic imaging Because the adrenal 
glands can be visualized so well with ultrasonography, 

imaging techniques usually are not required. 
However, techniques such as CT and MRI are the only reli¬ 
able methods of evaluating the size of a pituitary tumor. 
Survey radiography of the skull does not aid in their diagnosis 
because pituitary tumors in dogs usually do not erode bone or 
invade the sphenoid bone. 

Because the pituitary lacks a complete blood-brain barrier, 
contrast medium diffuses freely from the circulation into the 
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Figure 242-10 Contrast-enhanced transverse computed tomographic images through the 
pituitary. A, Mixed-breed dog with signs of hyperadrenocortidsm but no neurologic signs. 
The pituitary U enlarged (0.6 cm in height). B, Bergamasker with hyperadrenoeorticism that had 
been treated with mitotane for 2 years, after which neurologic signs developed [he., disorientation, 
ataxia, aggressive behavior), The pituitary is grossly enlarged (2.1 cm in height). 


6.9 mm for width, and 3.6 to 7.2 mm for length.® 0 The first 
sign of pituitary enlargement appears to be an increase in 
height (Le. # dorsal extension into the suprasellar region). 
The pituitary gland is considered to be enlarged when the 
dorsal contour of the pituitary protrudes above the suprasellar 
extension of the intercrural cisterns, which are easily recog¬ 
nized on CT images. 13 Alternatively, the ratio of the height of 
the pituitary gland to the area of the brain measured on an 
image through the center of the pituitary (P:B ratio) can be 
used to discriminate between enlarged (P:B greater than 0,3 I i 
and normal (P:B less than or equal to 0.31) pituitary'' glands. 
Large tumors are easily detected on contrast-enhanced CT 
images because of their size and altered shape. In rare cases, 
tumors may be difficult to visualize without contrast. In 50% 
to 60% of dogs with PDH, a pituitary mass can be detected 
by CT In the remaining 40% to 50% of cases, the disease 
is caused by a small tumor (less than 3 to 4 mm) that is not 
visible even with contrast Newer CT techniques, using a 
series of transverse scans through the center of the pituitary 
during and after rapid intravenous injection of contrast 
medium (dynamic CT), reveal a difference in enhancement 
between the neurohypophysis and the adenohypophysis. This 
is due to variations in the blood supply; an early, strong 
enhancement of the central neurohypophysis ("pituitary' 
flush") is seen, as is a slightly delayed, weaker enhancement of 
the peripheral adenohypophysis. Displacement or distortion 
of the neurohypophyseal flush may reveal the existence of 
small tumors. 61 

Magnetic resonance imaging Although CT and MRI are 
both effective at identifying large pituitary tumors, MRI is 
superior for defining the full extent and relationship of a 
tumor to surrounding structures and is probably more accu* 
rate in identifying small lesions. The si 2 e, signal, and contrast 
enhancement characteristics of the normal canine pituitary 
gland using MRI have been described.® 2 In one study, in about 
50% of dogs with PDH and no neurologic signs, a pituitary 
tumor was visible on MRI, and the tumors ranged In size from 

4 to 12 mm. 63 


Treatment 

The method of treatment must he carefully chosen based on the 
cause of the disease (PDH or an FAT), the age and condition of 
the dog, and whether concomitant disease is a factor. The cost 
and availability of treatment methods, as w r ell as the frequency 
of follow-up evaluations, are also important considerations. 

5 urgery 

Adrenot tumor Surgical removal Is the treatment of 
choice for adrenal tumors. Each dog must be assessed preop¬ 
era lively for metastases or invasion of the tumor into sur¬ 
rounding tissues. Adrenalectomy is technically challenging 
and should be performed by a skilled surgeon. Approximately 
50% of dogs develop severe postoperative complications, 
including pancreatitis, pneumonia, pulmonary thromboem¬ 
bolism, acute renal failure, sepsis, and hypoadrenocorticism 
due to insufficient steroid levels. The reported death rate after 
adrenalectomy varies greatly; in two large studies the rate was 

27% and 34%3 5 - 26 It is not known whether dogs with an FAT 
that undergo long-term medical treatment before adrenalec¬ 
tomy have few'er postoperative complications and higher sur¬ 
vival rates. In dogs in which tumor removal was incomplete, 
clinical signs persist, or hyperadrenoeorticism recurs weeks to 
months after surgery. 

Autonomous cortisol secretion results in atrophy of the 
cells of the zona fasciculata and zona reticularis and, in a few' 
dogs, of the aldosterone-producing cells of the zona glomeru- 
losa. Thus glucocorticoid substitution intraoperatively and 
post operatively is necessary. Mineralocorticoid treatment is 
instituted when required. 

Intravenous fluids (0.9% sodium chloride [NaCI] or 
Ringer's solution) should be administered at a maintenance 
rate at the start of anesthesia and during surgery and the post¬ 
operative period. When the tumor is located, dexamethasone 
should be given at a dosage of 0.1 mg/kg over a 6-hour period. 
The dose should be repeated two to four times per day, 
subcutaneously, until oral medication can 
alternative to dexamethasone is hydrocortisone, which can be 


60 


be started.^* An 
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Figure 242-11 A, Transverse 


j , , view of a post-gadolinium MR[ scan of a 7-year-old bull terrier with 

p I Hi 11 a ry -d e pe n dem h y peradren oeo rt i c ism [PDH) caused by a 2.4 cm mass (arrows); the do 

fusineMRl? sh ° T™ B ’ Midline sagittal view of the braln of the same do* 

" h g t h ,! tff nse ^' enhancing mass (arrows) arising from the pituitary fossa and 

causing compression of the floor of the overlying third ventricle C, Post-gadolinium MR] scan of 
an S-year-old Boston terrier with PDH and stgns of disorientation, ataxia, and aiding (From 


gjven intravenously during surgery at a dosage of 4 to 5 mg/kg, 
and thereafter at a dosage of 1 mg/kg given intravenously 
every b hours until oral medication is started. Compared to 
dexamethasone, hydrocortisone has the advantage of havine 
both glucocorticoid and mineralocorticoid 
Prednisolone is then administered orally 
following schedule: 

* 1 mg/kg twice daily for 2 to 3 days 

* 0.5 mg/kg twice daily for 2 to 3 days 

* 0.25 mg/kg twice daily for 3 weeks 

* 0,25 mg/kg once a day for 3 weeks 

* 0,25 mg/kg every other day for 3 weeks 

* 0,25 mg/kg every 3 days 


Prednisolone usually can be discontinued after 2 to 
3 months. The ACTH stimulation test is helpful for evaluating 
adrenai function. Intensive postoperative monitoring is essen¬ 
tial for preventing or detecting potential complications. If 
hyperkalemia and/or hyponatremia occur, oral fludrocortisone 

0,02 mg/kg/day} or parenteral desoxycorticosterone 
pivalate (DOCP; 2.2 mg/kg every 25 days) should be given. 
In most cases these electrolyte abnormalities, which reflect 
mineralocorticoid deficiency, last only a few days. Antibiotics, 
pain medication, and heparin should be used routinely. When 
bilateral adrenalectomy is performed (because of bilateral 
tumors), the dog needs lifelong supplementation with miner- 

alocorticoids and glucocorticoids. 
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The zona glomerulosa should retain all of its function. 
Treatment consists of an induction phase and a maintenance 
phase. 

Induction phase For induction, mitotane is administered 
at a dosage of 50 mg/lcg/day, divided, given twice a day at the 
end of a meal. It is difficult to determine when adrenocortical 
destruction is adequate to prevent the occurrence of hypoad¬ 
renocorticism by further treatment. Daily administration of 
mitotane should be stopped when [1] the dog's water intake 
decreases markedly; (2) the dog's appetite is reduced or the 
dog eats more slowly (thus the meal is offered before admin¬ 
istration of mitotane); or (3) the dog has vomiting, diarrhea, 
or lethargy. For most dogs with Cushing's syndrome, a change 
in appetite is the most reliable indicator of effective treatment. 
When a change in the dog's appetite is noted, re-evaluation 
by the veterinarian and an ACTH stimulation test should be 
performed. Treatment is considered adequate when the post- 
ACTH plasma cortisol concentration is 1 to 4 pg/dL.The time 
required to achieve this varies among dogs. The average length 
of induction reported in the literature differs. We found that 
the target concentration of cortisol was achieved after 3 to 
4 days of therapy in more than 50% of dogs with PDH T Thus 
we routinely perform an ACTH stimulation test on the fifth 
day of treatment. When the post-ACTH plasma cortisol 
concentration is 1 to 5 pg/dL, maintenance therapy is started, 
Some dogs may need 1 or more days of induction therapy, and 
a second ACTH stimulation test may be required. 

Another method of monitoring treatment involves daily 
phone calls by the veterinarian to the owner regarding the 
dog's condition, particularly appetite, 59 Appetite is the most 
important aspect of the monitoring of the response to treat¬ 
ment. Dogs with a poor appetite before the start of treatment 
should be carefully reassessed; either they do not have 
Cushing s syndrome, or they have concurrent disease, which 
must be treated first. 

Even with careful treatment and monitoring, some dogs 
experience apathy, weakness, anorexia, vomiting, diarrhea, 
and/or ataxia. These symptoms may be due to (1) lower than 
normal plasma cortisol concentrations (overdose), (2) a 
decrease in plasma cortisol levels to within the normal range 
(relative glucocorticoid deficiency, or glucocorticoid withdrawal 
syndrome ); or (3) mitotane intolerance. With these dogs, 
owners are told to stop mitotane treatment and to administer 
prednisolone (or prednisone) at a dosage of 2 mg/kg per os* 
When the symptoms are attributable to decreased cortisol 
levels, dogs return to normal within a few hours. An ACTH 
stimulation test should be performed to differentiate overdose 
of mitotane from glucocorticoid withdrawal syndrome. In 
dogs with mitotane overdose (i.e., a post-ACTH cortisol level 
of less than 1 pg/dL), prednisolone is administered and 
tapered over 1 to 3 weeks. If the dog's condition is then stable 
without prednisolone, mitotane treatment can be restarted at 
a maintenance dosage. In dogs that do not tolerate mitotane, 
the daily dosage can he divided into smaller portions, or 
another drug can be used. 

A few researchers advocate administration of both 
mitotane and prednisolone during the induction phase. We 
feel that mitotane overdose can be more rapidly recognized 
clinically when that drug is used alone. 

Maintenance phase Maintenance therapy starts with 
administration of about 50 mg/kg of mitotane per week (e,g., 
given on Wednesday and Sunday); the dose should be divided 
and given with meals. With time the dosage may need to be 
altered (some dogs require half the dose; others, double), 
therefore owners must be told to monitor the dog for signs oi 
hypoadrenocorticism or recurrence of Cushing's symptoms. 
An ACTH stimulation test should be performed every 1 to 
3 months during the early stages of maintenance treatment 
and then twice yearly. The goal of maintenance therapy is the 


Pituitary tumor 

Hypophysectomy During the past decade, transsphenoidal 
pituitary surgery' has become the treatment of choice for 
humans with PDH. Although hypophysectomy has been 
attempted numerous times in dogs, the procedure has only 
recently become Feasible.® 1 ' 64 Hypophysectomy in dogs (and 
cats) is performed by a transsphenoidal approach. Of 84 dogs 
with PDH that undement hypophysectomy, 65 six died within 
4 weeks of surgery and were considered procedure-related 
mortalities. In another six dogs, the tumor was incompletely 
removed. The overall response rate was 86% (i.e., 72 of the 84 
dogs went into remission). This compares favorably with the 
results of dogs with PDH treated medically with mitotane. 
Perioperative and long-term complications include mild tran¬ 
sient hypernatremia, transient reduction or cessation of tear 
production, diabetes insipidus (persistent in 10% oi cases), 
and secondary hypothyroidism (persistent in all cases), 

Hyperadrenocorticism recurred in 11 of 72 dogs (15%), 5 to 
47 months after surgery. Thus far, only dogs with small or 
moderate-si zed tumors (up to 10 mm in diameter) have been 
suitable candidates. 

Pituitary surgery is possible only in a specialized veterinary 
institution and requires a team approach involving a neuro¬ 
surgeon, an endocrinologist, and a radiologist 65 Transsphenoidal 
hypophysectomy has the potential to become the treatment 
of choice for dogs (and cats) with PDH. 

Adrenalectomy Removal of both adrenal glands results in 
complete resolution of the clinical signs of hyperadrenocorti¬ 
cism. However, because the success rate of medical treatment 
is relatively high and treatment is fairly easy the risk of 
surgery seems unwarranted. 

Medical Management 

Medical management of dogs with Cushing s disease may be 
questioned, because unlike adrenalectomy or hypophysec¬ 
tomy it does not result in a cure. No studies have investigated 
the degree to which medical treatment increases the life 
expectancy of dogs with Cushing's syndrome. However, 
uncontrolled hyperadrenocorticism markedly affects the qual¬ 
ity of life and can lead to a number of complications, includ¬ 
ing infection and life-threatening thromboembolism. For 
these reasons, treatment should be undertaken in most dogs 
with clinical signs of hyperadrenocorticism. Exceptions 
include very old dogs and those with concomitant disease in 
which appetite is sustained by excess cortisol. Dogs with 
laboratory values consistent with hyperadrenocorticism 
(increased ALP, positive screening test results) but without 
clinical signs should not be treated. In cases in which the cause 
of the abnormal test results (e.g,, primary hepatopathy) 
remains unknown, the dog should be re-evaluated a few 
weeks or months later. 

Mitotane, trilostane and, to a lesser extent, ketoconazole 
are effective treatments for hyperadrenocorticism. 

Mitotane Mitotane (o,p -DDD, Lysodren) is a potent 
a dr en oco rti c ol yti c drug that causes necrosis of the zona fascic- 
ulata and zona reticularis (sites of glucocorticoid production). 
The zona glomerulosa i site of mineralocorticoid production) 
is less sensitive to this drug. Mitotane is fat soluble and should 
always be administered with a meal. 

Depending on the dosage and duration of treatment, the 
adrenal cortex may be partly or completely destroyed. 
Currently, two main treatment regimens are based on this 
pretext. 

Partial adrenocortical destruction The goal of this treat¬ 
ment regimen is to partly destroy the zona fascieulata and 

reticularis so that excess cortisol production is stopped 
and synthesis is restricted to amounts needed for daily life. 
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same as that for induction: a post-ACTH plasma cortisol 
centration of 1 to 5 jil/dL, Determination of the urine C:C 
ratio is not suitable for monitoring treatment, because overlap 
occurs between well-regulated and overdosed patients, 

Mitotane overdosage may occur at any time during treat¬ 
ment and usually manifests as a glucocorticoid deficiency. 
Rarely, a concomitant mineraiocorticoid deficiency with elec¬ 
trolyte abnormalities may be seen. Treatment consists of ces¬ 
sation of mitotane therapy (transient in most cases) and 
administration of prednisolone. In dogs with complete 
adrenocortical insufficiency, a mineraiocorticoid (fludrocorti¬ 
sone or DOCP) must also be administered. Permanent 
adrenocortical insufficiency rarely occurs and is seen in about 
5% of cases. In a small number of dogs, mitotane induces CNS 
symptoms, such as apathy, ataxia, blindness, and head press¬ 
ing. These clinical signs usually occur several months after the 
start of treatment and, because of their transient nature, dis¬ 
appear a few hours after administration of the drug. Dividing 
the dosage over multiple administrations is often helpftd, but 
some cases the dosage must be reduced. Similar symptoms 
occur with mitotane overdosage or an expanding hypophyseal 

tumor, therefore careful re-evaluation of the patient is 
required. 

Approximately 50% of dogs have recurrence of symptoms 
at some point during treatment. The reasons are similar to 
those for recurrence during the induction phase: (I) the indi¬ 
vidual animal requires a higher dosage; (2) owner compliance 
is poor; (3) the drug is not given with food and thus is poorly 

absorbed; (4) a drug-associated decrease in intestinal fat 
absorption results in decreased mitotane absorption; (5) the 
dog has an FAT rather than PDH; (6) increased ACTH 

tion by the hypophyseal tumor (possibly supported by a 
decrease in negative feedback) results in regeneration of the 
adrenal cortex; and (7) mitotane stimulates induction of 
microsomal liver enzymes for its own metabolism. 

The partial adrenocortical destruction regimen results in a 
good to excellent response in about 80% of dogs with PDH. 
It can also be used to treat dogs with an FAT. It is important 
to remember that compared to hyperplastic cells, tumor cells 
frequently are more resistant to the cytotoxic effects of 
mitotane. About 50% of dogs with an FAT require an induc¬ 
tion phase lasting longer than 2 weeks. On average, they also 
require a higher maintenance dosage of mitotane. 67 Because 
approximately 50% of dogs with an FAT have adrenal 

nomas, we use the following treatment regimen in those that 
do not undergo adrenalectomy. 

Complete adrenocortical destruction The goal of this treat¬ 
ment regimen is destruction of the entire adrenal cortex, with 
resultant iatrogenic hypoadrenocorticism, by long-term 
mitotane administration, 6 ® 

Mitotane is administered at a dosage of 50 to 75 mg/kg/day 
(divided into three or four smaller doses given with food) for 
25 days. Lifelong administration of fludrocortisone (0.01 mg/kg) 
and cortisone is started on the third day of mitotane adminis¬ 
tration. The cortisone dosage is 1 mg/kg given 

then, l week after the discontinuation of mitotane 


adrenal insufficiency is lower, because cortisone and mineralo- 
corticoids are substituted. 

The necessity of administering daily medication to prevent 
life-threatening hypoadrenocorticism must be emphasized to 
owners. The complete adrenocortical destruction regimen 
should be used only when the diagnosis is certain and owner 
compliance can be assured. Recurrence of initial 


con- 


symptoms can 

also occur with this regimen, therefore an ACTH stimulation 
test should be performed regularly (two to four times a year). 
Routine electrolyte evaluation (sodium, potassium) is recom¬ 
mended as for dogs with spontaneous Addison's disease. Clinical 
remission is reported to occur in 86% of dogs with PDH . 69 

We use complete adrenocortical destruction almost exclu¬ 
sively in dogs with inoperable adrenal tumors. In some dogs, 
this treatment regimen results in complete tumor remission 
and disappearance of metastases. For these patients, a modi¬ 
fied treatment regimen is used: after the 25th day of daily 
therapy, mitotane is administered at a dosage of 50 to 
75 mg/kg, given weekly (divided over two to four days) for 
life. An ACTH stimulation test is used routinely to 
complete cessation of cortisol production, as indicated by a 
pre-ACTH and post-ACTH plasma cortisol concentration 

below the assay detection level. 

For both protocols, the cortisol requirement in times of 
stress (illness, surgery) is increased and higher than the partly 
destroyed ad renocortex can produce or that is administered 
exogenously. Depending on the level of stress, up to 2 mg/kg 
of prednisolone may be given daily. 


in 


ensure 


Trilostane The use of trilostane for the treatment of 
canine PDH was first reported in 3998. 70 Since then the drug 
has gained wide popularity, especially in Europe, Two 
prospective studies that evaluated the effects of trilostane 
were recently published. 7 ^ 7 * In the United Kingdom, 
trilostane is officially registered for use in dogs under the 
name of Vetoryl. The human preparation is available 
Modrenal, Trilostane is an orally administered competitive 
inhibitor of 3-beta-hydroxysteroid dehydrogenase. This 
enzyme system mediates the conversion of pregnenolone to 
progesterone in the adrenal gland. Cortisol, aldosterone, and 
androstenedione are produced from progesterone via various 
biochemical pathways. Trilostane inhibits progesterone and 
blocks the synthesis of its end products (Figure 242-12). 

We have used trilostane for nearly 4 years in the treatment 
ol PDH and have found that about 80% of dogs have a good 
to excellent response. The time required for a noticeable 
response to trilostane is similar to that for mitotane. 

rapid decrease in polydipsia, 
polyuria, and polyphagia and a rapid increase in activity level, 
as well as delayed improvement in the haircoat, skin condi¬ 
tion, and abdominal muscle tone. Some dogs may show tran¬ 
sient worsening of dermatologic problems before clinical 
improvement becomes obvious; this may also occur with 
mitotane. The ACTH stimulation test determines adrenal 

and therefore is suitable for evaluating the extent of 
enzyme inhibition during treatment and for calculating 
dosage adjustments (Figure 242-13). 

We currently administer trilostane 


secre- 


as 


carci- 


Improvements include 


twice a day; 


reserve 


treatment, 

the cortisone dosage is reduced to 0.5 mg/kg given tw'ice 
a day. An equivalent dose of prednisolone (approximately 
0.4 mg/kg and then 0.2 mg/kg) can be used instead of corti¬ 
sone, because it is less expensive. In a number of dogs, daily 
mitotane administration must be stopped for a short period 
because of adverse side effects, such as anorexia, vomiting, 
diarrhea, weakness, and neurologic symptoms. In most dogs, 
mitotane administration can be resumed after a few days. 
This treatment regimen is easier to implement than that 
for partial adrenocortical destruction because it is not neces¬ 
sary to determine when the therapy takes effect. The side 
effects and complications are similar to those of other 


as follows: dogs weigh¬ 
ing less than 5 kg receive 30 mg once a day; those weighing 5 

to 20 kg receive 60 mg once a day; and those weighing 
than 20 kg receive 120 mg once a day. Re-evaluations, which 
are performed after 1,3f6, and 13 weeks and 6 and 12 months, 
include the history, a physical examination, and an ACTH 
stimulation test. It appears important that, for each evalua¬ 
tion, testing be performed at the same time after drug admin¬ 
istration, When the ACTH stimulation test is performed 2 to 
6 hours after drug administration, the target range of the post- 
ACTH cortisol level is 1 to 2 |ig/dL; this corresponds with the 
low end of the desired range for dogs treated with mitotane. 


more 


re¬ 
using mitotane, How T ever, the risk of unrecognized 
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with trilostane/ 2 it was not known whether the death of two 
dogs shortly after the start of treatment was related to the 
drug or to another illness. Postmortem examination of one dog 
revealed signs suggestive of terminal heart failure. 

Our experience with trilostane is limited to treatment of 
canine PDH, which has entirely replaced mitotane at our hos¬ 
pital. It has been reported that trilostane 
control hyperadrenocorticism caused by an FAT. 

Ketoconazole Ketoconazole, a fungistatic drug, also 
blocks several P-450 enzyme systems, effectively inhibiting 
the synthesis of glucocorticoids and androgens. 3ts effects on 
mineralocorticoids are negligible. Dogs are started at a dosage 
of 5 mg/kg given twice a day for 1 week. If the drug is well 
tolerated (i.e., no decrease in appetite or icterus is seen), the 
dosage is increased to 10 mg/kg given twice a day for 2 weeks. 
After this period, an ACTH stimulation test is performed. 
If the post-ACTH cortisol concentration is higher than the 
target range of 1 to 4 pg/dL, the dose should be increased to 
15 mg/kg twice a day* Most dogs require a daily dose of 
30 mg/kg for a long period for good clinical control. The dis¬ 
advantages of ketoconazole are the expense, the requirement 
for twice daily administration for life, and the drug's lack of 
efficacy in up to 50% of cases. Possible side effects include 
anorexia, diarrhea, and increased hepatic enzyme activity, 
Hypocortisolism can also occur, but dogs respond rapidly to 
cessation of ketoconazole administration and administration 
of glucocorticoids. Before the introduction of triIostane p keto- 
con azole was primarily used in dogs that did not tolerate 

mitotane. Today, trilostane rather than ketoconazole would be 
chosen for such 

Selegiline hydrochloride The use of selegiline hydrochlo¬ 
ride (L-deprenyl) for the treatment of hyperadrenocorticism 
dogs is controversial. L-deprenyl has been hypothesized 
down regulate ACTH by enhancing the dopamine concentra¬ 
tion, thereby controlling pituitary hyperadrenocorticism. For a 
number of years, various reports have described the efficacy of 
L-deprenyl in dogs with PDH, and aggressive advertising 
campaigns have been mounted. Interestingly, no scientific data 
were presented to substantiate these claims. A 6-month con¬ 
trolled clinical study revealed that of 10 dogs with PDH, 
treatment with L-deprenyl resulted in no clinical improve¬ 
ment in four dogs, worsening of symptoms in four others, and 
improvement in two. Several of the owners reported that dogs 

more lively during treatment; this was assumed to be 
reason for good owner compliance and for the improve¬ 
ment reported in the other studies. In those studies, evaluation 
of clinical signs was based on owner observations and not on 
scientific data. L-deprenyl is metabolized into substances with 
amphetamine-like structures, which may explain the 
improvement in the general condition and behavior of treated 

dogs. We do not recommend L-deprenyi for the treatment of 
canine PDH. 73 

Other drugs A variety of other drugs [bromocriptine, 
cyproheptadine, metyrapone, aminoglutethimide) have been 
investigated for the treatment of hyperadrenocorticism; how¬ 
ever, they have not produced favorable results. 

Complications and Concurrent Disease Associated with 

Hyperadrenocorticism 

Large pituitary tumors Generally, dogs with PDH have a 
risk of pituitary tumor growth. Approximately 50% of dogs 
with PDH have a tumor that is visible on CT or MRJ scans at 
the time of diagnosis, and in approximately 50% of all dogs 
with PDH, the tumor has a tendency to grow. Neurologic 

signs caused by expansion of a pituitary tumor are seen in 
about ] 5% to 20% of dogs with PDH. 74 ' 76 
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Figure 242-13 Cortisol concentrations after ACTH stimulation 

in dogs with PDH treated with trilostane. 0, Prior to therapy; I to 
5, re-evaluations at 1, 3 to 4, 6 to 7, 12 to 16 and 24 to 
28 weeks after initiation of treatment with trilostane. Data i 
presented as box plots; the boxes represent values from the 25th 
to the 75 percentile, the horizontal line in each box is the median, 
and the "whiskers'' represent the range. (From Ruckstuhl NS et ah 
Results of clinical examinations, laboratory tests, and ultrasonog¬ 
raphy in dogs with pituitary-dependent hyperadrenocorticism 
treated with trilostane. Am J Vet Res 63:506-512, 2002.) 
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Several of our dogs had post-ACTH cortisol levels between 
0.5 and 1 pg/dL for months without showing signs of hypo¬ 
adrenocorticism, Two explanations for this may be that 
(1) trilostane is known to decrease the cortisol concentration 
for only a few r hours; and (2) steroid precursors, which have 
accumulated as a result of enzyme inhibition, may have 
certain glucocorticoid-like effects that prevent signs of 
hypocortisolism even when the cortisol concentration is low, 

Frequent adjustments in the dosage of trilostane (both 

increases and decreases) are required, particularly during the 

first few weeks of treatment. Adjustments should be made in 

increments of 20 to 30 mg/dog. The effective dosage of 

trilostane differs markedly among dogs with PDH, possibly 

because of a significant variation among individuals in 3-beta- 

hydroxy steroid dehydrogenase activity in the adrenal glands. 

However, the response to treatment appears to stabilize over 

a period of time, after which dosage adjustments are seldom 
necessary. 

Distinct changes in the ultrasonographic appearance of the 
adrenal glands were observed in our studies. In almost all dog 
a marked increase was seen in the thickness and echogenicity 
of the outer zone, which was assumed to be the adrenal 
cortex. This finding may reflect increased synthesis of precur¬ 
sors arising from an increase in ACTH secretion, or it may be 

the result of abolition of negative feedback normally exerted 
by cortisol. Studies are under way to verify this* 

Overdosage of trilostane is possible and was assumed to be 
the cause of adverse symptoms in four of 88 dogs. 7 '-* Three 
of the dogs survived with discontinuation of trilostane and 
institution of symptomatic treatment. Other problems 
attributed to the use of trilostane are rare and include 
lethargy, anorexia, vomiting, and diarrhea. These symptoms 

sually mild and self-limiting. In a study of 78 dogs treated 
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Hypophyseal tumors are often categorized, according to 
their size, as macro tumors (equal to or greater than 10 mm in 
height) or microtumors (less than 10 mm in height). 
However, this categorization is useful for neither clinical nor 
imaging purposes. Tumors as small as 3 to 4 mm can be 
visualized using advanced imaging techniques. Neurologic 
symptoms occur in some dogs with tumors less than 10 mm 
but may not occur in others with tumors 10 mm or larger. 
It would appear more appropriate to use the term macrotumor 
to describe tumors visible by means of CT or MR! and the 
term miewtumor to define masses that cannot be visualized* 
Pituitary tumors grow dorsally in the dog. The diversity of 
neurologic signs is due to involvement of different regions of 
the hypothalamus and thalamus and other brain regions. 

The onset of neurologic signs may precede, coincide with, 
or follow (most often in clinical practice) the diagnosis of 
hyperadrenocorticism. Clinical signs are usually quite subtle 
at the start and can be recognized only by someone who 
knows the dog well. In most cases these signs constitute slight 
changes in the dog's behavior. Symptoms progress slowly to 
include dullness, listlessness, restlessness, loss of interest in 
normal activities, brief episodes of disorientation, anorexia, 
and weight loss. Later in the course of the disease, symptoms 
include ataxia, aimless pacing, and stupor. Some dogs may be 
misdiagnosed with blindness because mental dullness results 
in inappropriate responses to visual stimuli. Some symptoms, 
particularly anorexia, resemble those of hypocortisolism 
caused by medication overdose. For these reasons, careful 
re-evaluation, including an ACTH stimulation test, is neces¬ 
sary when suspicious symptoms develop. 

Diagnosis of a pituitary tumor requires CT or MRI, and 
good correlation exists between tumor size and the severity of 
symptoms. In dogs with marked neurologic symptoms, tumors 
are frequently greater than 10 mm in height, although tumors 
with a height of only 0.7 to 0,8 mm may occasionally cause 
symptoms, 76 - 77 In addition to tumor size, the development of 
neurologic symptoms probably is related to the tumor growth 
rate, the size of the skull cavity, and whether peritumoral 
inflammation or edema is present. Radiation currently is the 
only treatment available. Most regimens use cobalt-60 
teletherapy or a linear accelerator to administer 3,5 to 4 Gy 
three times a week for 4 to 6 weeks with the animal under 
general anesthesia. Complications are uncommon, and only 
rarely do dogs need to be treated with anti-inflammatory 
doses of steroids because of initial worsening of signs, which 
probably is related to radiation-associated brain edema. Other 
problems include graying of hair at the entrance sites of the 
beam, scalp epilation, and otitis externa. 

It is difficult to draw a final conclusion from the few reports 
available on radiation therapy, and the optimal treatment pro* 
tocol has yet to be established. In our experience, hypophyseal 
+ umors are relatively sensitive to radiation, and dramatic 
improvement may occur in some dogs with severe neurologic 
symptoms. Generally, the prognosis and severity of clinical 
signs are inversely related. 76 Dogs with severe neurologic 
symptoms and a tumor larger than 20 to 25 mm have a much 
poorer prognosis than dogs with mild to moderate symptoms 
and a tumor less than 20 mm. It is important to remember 
that some dogs improve during radiation therapy, whereas 
others require weeks for improvement or normalization. 
Therefore dogs should not be euthanized during or shortly after 
radiation treatment because of lack of improvement. 

In most dogs, radiation has little or no effect or only a 
transient influence on the secretory nature of the tumor, and 
additional medical treatment is required. Recurrence of neu¬ 
rologic signs weeks to years later is possible, and in such cases 
deterioration may be rapid. 

We currently recommend CT or MRI for every dog with 
PDH. For dogs with dexamethasone resistance (per LDDS or 


HDDS tests), we strongly recommend pituitary imaging. For 
dogs with tumors greater than 7 mm, we suggest radiation 
therapy regardless of whether neurologic signs are present. 
Adrenal tumors. Adrenal tumors may invade local tissues 

and vessels and may metastasize. Traumatic and nontraumatic 
rupture of the tumor may result in intra*abdominal or 
retroperitoneal hemorrhage or vena cava! thrombosis, causing 
hindlimb edema. 79-81 


o 






Pulmonary thromboembolism Pulmonary thromboem¬ 
bolism is a potentially life-threatening complication of hyper- 
adrenocorticism. However, because no systematic studies 
exist and a definitive diagnosis is often difficult, its incidence 
is not known. Dogs with hyperadrenocorticism that undergo 
surgery (e.g. r adrenalectomy) are at increased risk of develop¬ 
ing pulmonary thromboembolism. Thromboembolism may 
occur in other organs, but this is probably rare. It is generally 
accepted that hyperadrenocorticism leads to a state character¬ 
ized by hypercoagulation. In humans with Cushing's syndrome, 
this state is thought to be related to an increase in plasma 
clotting factors, especially factor VIII and the von Willebrand 
factor complex, and to an impairment of fibrinolytic capac¬ 
ity. ez Similar mechanisms are thought to occur in dogs. 

Recently it was shown that dogs with hyperadrenocorticism 
had elevated levels of factors II, V, VII, IX, X, and XII and of 

fibrinogen. Antithrombin was decreased, whereas thrombin* 
antithrombin complexes were increased,® 3 Conditions such as 
hypertension and obesity may also play a role in the develop¬ 
ment of pulmonary thromboembolism. 

An acute onset of respiratory distress (tachypnea, dyspnea, 
cyanosis) is characteristic of pulmonary thromboembolism, 
w T hich may be difficult or impossible to diagnose definitively 
in veterinary patients. Pulmonary thromboembolism can 
result in a variety of radiographic patterns; in fact, a recent 
study found no radiographic abnormalities in 27% of 29 
cases. 04 Therefore an animal with severe respiratory distress in 
which no radiographic changes are seen should be suspected 
of having pulmonary thromboembolism. Abnormal radio- 
graphic findings include interstitial, alveolar, or mixed pat¬ 
terns; pleural effusion; increased diameter and blunting of 
pulmonary arteries; and decreased vascularity of affected 
lung lobes with increased vascularity of unaffected lobes. 
Echocardiography, including Doppler evaluation, is a helpful 
diagnostic tool in human medicine but needs further investi¬ 
gation in veterinary medicine. In most dogs, arterial blood gas 
analysis reveals hypoxemia (partial pressure of oxygen [P0 2 ’ 
less than 70 mm Hg) and hypocapnia [partial pressure of 
carbon dioxide [PCCb] less than 35 mm Hg). However, these 
are nonspecific findings of inefficient gas exchange and cannot 
be used alone for diagnosis. A definitive diagnosis may be 
obtained with pulmonary angiography or ventilation and per¬ 
fusion scanning with radioisotopes. Because these procedures 
are either invasive or not widely available, a diagnosis often is 
made on the basis of clinical signs, radiographic findings, and 
blood gas analysis results. 

Treatment is mainly empirical. In experimental conditions 
emboli begin to dissolve within hours of formation without 
treatment, and complete resolution has been documented 
within days. In naturally occurring disease, however, pro* 
thrombic tendencies persist. Therapy consists of general 

support and administration of oxygen and anticoagulants, such 
as heparin or warfarin. These drugs have no effect on existing 
emboli hut are used to prevent further clot formation. One of 
several protocols used for heparin treatment involves an initial 
dosage of 200 to 300 IU/kg given every' 8 hours. The dosage 

must be modified for each dog to maintain the activated par¬ 
tial thromboplastin time (aPTTj at 1.5 to 2.5 times normal 
No information is available on the use of iow-molecu!ar- 
weight heparin. Warfarin is administered initially at a dosage of 
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0.1 to 0.2 mg/kg given orally every 24 hours. During the first 
tew days, heparin should also be given to combat the initial 
prothrombic effects of warfarin. The warfarin dosage is then 
adjusted to achieve an aPTT of 1.5 to 2.5 times normal. 

Thrombolytic agents, such as streptokinase, have the potential 
to dissolve dots. However, their effectiveness in naturally occur¬ 
ring disease has not been critically evaluated, probably because of 
the expense and the risk of life-th reatening hemorrhage. 

The prognosis in dogs with pulmonary thromboembolism 

is guarded to grave. Recovery, if it occurs, usually requires at 
least 7 to 10 days. 

No studies have been done on the success of prophylactic 
treatment in animals at risk of developing pulmonary throm¬ 
boembolism. In humans with Cushing's syndrome, it has been 
shown that thromboembolic complications after surgery can 
be significantly reduced by anticoagulant prophylaxis. 82 It 
nt-i) be advisable to start low-dose heparin therapy several 
days prior to surgery in dogs with hyperadrenocorticism and 
continue administration for several days afterward. 


The mechanism for this is unknown, but it may result from 
disturbed lipid metabolism. 

Degenerative and immune-media ted diseases The anti¬ 
inflammatory and immunosuppressive effects of cortisol 
mask concurrent problems. The most common of these 
degenerative arthropathy and skin allergy, which may become 

apparent once treatment is initiated and cortisol concentra¬ 
tions decrease. 


can 


are 


Hypertension and glomerular disease Systemic hyp 
tension occurs in a large percentage of dogs with hyp 
drenocortidsm. Blood pressure can remain elevated despite 
resolution of hypercortisolemia. According to a recent study, 
aldosterone does not appear to contribute to hypertension in 
dogs with hyperadrenocorticism.® 8 The major cause of hyper¬ 
tension may be excess cortisol, which enhances sensitivity to 

endogenous vasoconstrictors. 

Hypertension may cause or contribute to glomerular 
damage and may lead to glomerulosclerosis. Glucocorticoids 
may also cause glomerulonephritis (see Chapter 261), Both 
types of glomerular lesions are associated with proteinuria. 


er- 


e ra- 


to 


Diabetes mellitus Dogs with hyperadrenocorticism may 

develop diabetes mellitus because of insulin antagonism 
by glucocorticoids. Insulin resistance results either directly 
because of a reduction in the number or efficacy of glucose 
transporters, or indirectly, because of an increase in the glucose 
concentration and resultant free fatty acid concentration. 
Approximately 30% to 40% of dogs with Cushing's syndrome 
show mild elevations in the glucose concentration, but only 
about 10% develop overt diabetes mellitus. Diagnosis of dia¬ 
betes mellitus in a dog with previously diagnosed Cushing's 
syndrome usually is straightforward. However, it is much more 
difficult to diagnose Cushing s syndrome in a dog with estab¬ 
lished diabetes mellitus. It often is not possible to make a diag¬ 
nosis based on clinical signs. Both diseases are characterized by 
polydipsia, polyuria, polyphagia, hepatomegaly, and sometimes 
weakness. Also, in dogs with both endocrine diseases, skin and 
haircoat changes typical of Cushing's syndrome (bilateral sym¬ 
metric alopecia, skin atrophy) may not occur or may be very 
mild. It may not be possible to make a diagnosis based on the 
results of routine laboratory tests, because a stress leukogram 
and increased hepatic enzyme activities occur in both diseases. 
The urine specific gravity in most diabetic dogs is greater than 
1 025, whereas dogs with both Cushing's syndrome and dia¬ 
betes mellitus often have hyposthenuria or isosthenuria. Dogs 
with diabetes mellitus often have false-positive results on 
screening tests for Cushing's syndrome, therefore the results of 
these tests must be interpreted carefully. To avoid false-positive 
results, we recommend that dogs suspected of having 
Cushing's syndrome and other severe illness not undergo 
screening tests. Screening tests should be performed only after 
good glycemic control has been achieved; however, this is dif¬ 
ficult to impossible in dogs with Cushing's syndrome. In such 
cases, therefore, positive results may be due to poor glycemic 

control or concurrent hyperadrenocorticism. Further manage¬ 
ment of such dogs must be considered carefully based on all 
clinical and laboratory findings. 


HYPERADRENOCORTICISM IN CATS 


Hyperadrenocorticism is an endocrine disorder not commonly 
recognized in cats. Over a 10-year period, one university clinic 
diagnosed Cushings syndrome in more than 800 dogs and 

only 34 cats. 28 

Similar to the incidence seen in dogs, 80% to 85% of cats 
have PDH, and 10% to 15% have an FAT Adenomas and carci¬ 
nomas occur with equal frequency. Adrenal tumors may secrete 
excessive amounts of steroids other than cortisol. Two recent 
case reports described cats with clinical signs of hyperadreno¬ 
corticism caused by a progesterone-secreting adrenal mass, 87 

Clinical Findings 

Middle-aged to older cats are most commonly affected with 
hyperadrenocorticism. There does not seem to be a breed 
predilection; however, approximately 70% of feline 
female. The most common clinical signs are polydipsia, 
polyuria, and polyphagia. Most authors have assumed that 
these symptoms are caused by diabetes mellitus, which devel¬ 
ops in approximately 80% of cases, and that they therefore 
late signs of hyperadrenocorticism. However, a recent case 
study described polydipsia and polyuria in two cats with 
hyperadrenocorticism that did not have concurrent diabetes 
mellitus and in one cat that had hyperadrenocorticism for 
8 months before diabetes mellitus developed, 8 * Other fre¬ 
quent findings include pendulous abdomen, generalized 
muscle wasting, lethargy, and obesity. Many cats have derma¬ 
tologic symptoms, including hair loss; unkempt haircoat; trun¬ 
cal or patchy alopecia; fragile, thin skin prone to traumatically 
induced tears (so-called feline fragile skin syndrome); and 
secondary infections (including demodi cos is). Hepatomegaly 
and weight loss occur less frequently. 

Hyperglycemia is the most frequent laboratory abnormality. 
Only 10% of dogs with hyperadrenocorticism develop overt 
diabetes mellitus, whereas as many as 80% of cats with 
Cushing's syndrome are diabetic. Cats seem to be more sensitive 
to the diabetogenic effects of steroids than dogs, and in many 
cases it is only after diabetes mellitus has been diagnosed that 
hyperadrenocorticism is suspected. Insulin resistance is a typical 
feature of diabetes mellitus caused by hyperadrenocorticism. 
However, it should be noted that not all cats with Cushing's 
syndrome and concurrent diabetes mellitus are insulin resistant. 

Other findings include hypercholesterolemia and an increase 
in ALT activity, which may be caused by hyperadrenocorticism 


in 


cases are 


are 


Urinary tract infection, pyelonephritis, ond calcium- 
containing uroliths Nearly 50% of dogs with hyperadreno¬ 
corticism have a bacterial urinary tract infection. Dysuria and 
pyuria may not occur because of the anti-inflammatory and 
immunosuppressive effects of steroids, Hyperadrenocorticism 
may also predispose dogs to calcium-containing uroliths, 
because glucocorticoids increase renal calcium excretion. 

Pa n c reatit is An ecd ota 1 reports in di cate th a t hyperadr 
cortieism may predispose dogs to pancreatitis. A recent study 
found that the risk of developing fatal acute pancreatitis was 
increased by hyperadrenocorticism, as well as by other factors, 05 
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with hyperadrenocorticism, Post-dexamethasone suppression 
of cortisol concentrations at 4 and 8 hours does not occur in 
cats with an FAT. Approximately 70% of cats with PDH show 
no or inadequate suppression. 90 

Measurement of Endogenous ACTH 
Healthy cats may have very low ACTH concentrations, there¬ 
fore the measurement of endogenous ACTH test can he used 
only after a diagnosis of hyperadrenocorticism has been made. 
Normal to elevated levels of ACTH support a diagnosis of 
PDH, and low to undetectable levels indicate an FAT. Sample 
handling is critical (see discussion earlier in this chapter), 

High-Dose Dexamethasone Suppression Test 
Compared with dogs, a higher dose of dexamethasone 
(1 mg/kg) has been advocated to differentiate between PDH 
and an FAT in cats; however, very limited information is avail¬ 
able. Blood samples should be taken before and 4 and 8 hours 
after administration of dexamethasone. Suppression (less than 
50% of baseline or less than 1.4 pg/dL) is consistent with PDH, 
No or insufficient suppression may be due either to an FAT or 
to PDH and cannot be used to differentiate between the two 

conditions. 

Adrenal Ultrasonography 

High-resolution transducers have made ultrasonographic visu¬ 
alization of the adrenal glands possible in cats, and reference 
ra nges 

normal or enlarged size are suggestive of PDH, whereas 
unilateral enlargement or an adrenal gland with a masslike 
appearance suggests an FAT. Detailed information on the 
ultrasonographic appearance of the adrenal glands in cats with 
hyperadrenocorticism currently is limited. 

Treatment 

Hyperadrenocorticism is a debilitating disease in the cat. The 
deleterious effects of chronic hypercortisol ism on skin fragility as 
well as on immune and cardiovascular function are frequendy 
responsible for the death of untreated cats. Therefore treatment 
should be pursued, although compared to dogs, options are 
more limited and medical treatment is not as successful. 


or diabetes mellitus. Some cats have elevated ALP activity. 
Because the activity of a steroid-induced isoenzyme is not 
increased, this elevation is thought to be associated with 
diabetes mellitus (and hepatic lipidosis) rather than with 
h yperadren ocorti c i sm 90 

Specific Endocrine Testing 

A diagnosis of hyperadrenocorticism should be based on the 
results of one or more of the screening tests (urine C:C ratio, 
ACTH stimulation test, LDDS test). The endogenous ACTH 
concentration, an HDDS test, and adrenal ultrasonography 
can be used to differentiate PDH from an FAT in cats. 










Urine Creatinine to Cortisol Ratio 

Slightly more than 70% of cortisol (free cortisol and metabo¬ 
lites) is eliminated in the urine in dogs, whereas only 18% is 
eliminated in the urine of cats. Despite this difference, the 
urine C:C ratio of cats with hyperadrenocorticism is signifi¬ 
cantly higher than that of healthy cats, and this test can be 
used in the diagnosis of Cushing s syndrome. 91 Urine should 
be collected by the owner at home, It is important to remember 
that false-positive results may be caused by other disease 
processes. Goosens et al. 91 reported a reference range of 2 to 
36 x 10“ 5 based on the results of 42 healthy cats. Our refer- 

range, using 31 healthy cats, was 0 to 4 x 10~ fi . This 
discrepancy is possibly due to the different types of radio- 

used. The amount of cortisol metabolites mea- 


ence 


immunoassay 

sured varies among assays, therefore it is critical that reference 
ranges be established for each assay. 


have been reported. 92 Symmetric adrenal glands of 


ACTH Stimulation Test 

In both dogs and cats, the AC 111 stimulation test is mainly a 
test of adrenal reserve, and its major role is to rule in or rule 
out hypoadrenocorticism. The test's sensitivity is low, and 
because a variety of non adrenal illnesses can cause abnormal 
test results, its specificity is also low. According to the test 
protocol most often used, blood samples for cortisol determi¬ 
nation are taken before and 30 and 60 minutes after intra¬ 
muscular administration of 125 pg/cat of a synthetic 
polypeptide containing the first 24 aminoacids of ACTH (e.g., 
Cortrosyn, Synacthen). The time to maximum peak cortisol 
response is longer and the maximum cortisol concentration is 
significantly higher after intravenous administration than after 
intramuscular administration. Therefore the protocol for 
intravenous administration is to collect blood samples before 
and 60 and 90 minutes after administration of ACTH. 

Because peak effect of cortisol is less consistent in the cat than 
in the dog, two post-ACTH samples are recommended. 
Reference ranges for the cat are slightly lower than those for 
the dog and should be established for the laboratory and pro¬ 
tocol used. In our laboratory, the upper limit for the normal 
post-ACTH cortisol concentration using the intramuscular 
protocol is 13 pg/dL. 92 We consider levels between 13 and 
16 pg/dL to be borderline, and a concentration above 16 pg/dL 
to be consistent with hyperadrenocorticism. 

Loitf-Dose Dexamethasone Suppression Test 
The degree and duration of adrenocortical suppression after 
dexamethasone administration is more variable in cats than in 
dogs. It appears that a dosage of 0.1 mg/kg of dexamethasone 
suppresses cortisol levels in healthy cats and cats with non- 
adrenal illness more reliably than 0.01 mg/kg of dexametha¬ 
sone, which is the dosage used m dogs. Currently, the protocol 
most often used involves collection of blood samples for pro¬ 
duction of plasma or serum before and 4 and 8 hours after 
intravenous administration of 0,1 mg/kg of dexamethasone. 
Cortisol levels of less than l pg/dL at 4 and 8 hours are 
considered normal, levels between 1 and 1.4 pg/dL are bor¬ 
derline, and levels greater than 1.4 pg/dL are consistent 


Adrenalectomy 

Adrenalectomy (unilateral in cats with an AT, bilateral in 
cats with PDH or bilateral FATs) appears to be the most 
successful of the treatment options available. 9 ^ The surgical 
protocol and the medical management of cats during and after 
the procedure are similar to those followed in dogs. After 
discontinuation of intravenous steroids, oral prednisolone 
(2.5 mg twice daily) should be given* Mineralocorticoids 
(fludrocortisone, 0,1 -0.2 mg/cat) should be administered to 
cats after bilateral adrenalectomy or to those that have hyper¬ 
kalemia and/or hyponatremia after surgery. Serum electrolyte 
concentrations should be evaluated twice daily for several 
days after surgery. After bilateral adrenalectomy, cats require 
lifelong supplementation with both mineralocorticoids and 
glucocorticoids, whereas after unilateral adrenalectomy, sup- 

be weaned off over a 2-month 

and include 


plementation generally can 
period, Postsurgical complications are common 
sepsis, pancreatitis, thromboembolism, and hypoadrenocorti¬ 
cism. Surgery-related death occurs in about 30% to 40% of cases. 

Successful adrenalectomy typically results in resolution or 
marked improvement of clinical signs within 2 to 4 months. 
In about 50% of cases, diabetes resolves, and in others the 

insulin requirement decreases. 189 93 


Hyp op hys ect o my 

Recently, transsphenoidal hypophysectomy for the treatment 
of PDH was described in seven cats. 9 ^ Two cats died within 
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4 weeks of surgery. Remission was achieved in five cats, although 
relapse occurred in one of these 19 months after surgery. 
Diabetes mellitus resolved in two of the four cats that had the 
disease. In the future, transsphenoidal hypophysectomy may 
be the treatment of choice for cats with hyperadrenocorticism. 


and the outcome of surgery is often hampered by the debili¬ 
tated condition of the patient. 

Hyperaldosteronism 

Primary hyperaldosteronism, also called Conn's syndrome in 
human medicine, is a very rare disease in dogs and cats. It is 
usually caused by a unilateral adenoma or rarely by a carci¬ 
noma of the zona glomerulosa of the adrenal gland. Bilateral 
adrenal hyperplasia in association with hyperaldosteronism 

has been reported in only one dog.^ Aldosterone is the prin¬ 
cipal regulator of sodium and potassium balance and is impor¬ 
tant in the maintenance of normal intravascular fluid volume. 
It also plays a role in the control of acid-base equilibrium. 
In conditions involving excessive autonomous aldosterone 
secretion, sodium and water are retained, leading to expansion 
of the extracellular fluid volume and hypertension. The 

increase in sodium and water is usually limited by an "escape" 

mechanism. Nevertheless, hyperaldosteronism tends to be 

associated with extracellular volume expansion and arterial 
hypertension. The renin system is suppressed. Increased 
potassium excretion leads to progressive depletion of body 
potassium, development of hypokalemia, and hypokalemic 
metabolic alkalosis. Aldosterone also stimulates the excretion 
of phosphorus and magnesium. Other characteristics of 
hyperaldosteronism include resistance to vasopressin and dis¬ 
turbed vasopressin release." 

Clinical signs consist of weakness, which may be episodic; 
ventroflexion of the neck (in cats]; stiff gait; myalgia; and 
lethargy. Hypertension may be present and may cause hyper¬ 
tensive retinopathy. Recently polydipsia and polyuria were 
described as the lead symptoms in a dog with an aldos- 
teronoma,- J Moderate to severe hypokalemia is the typical 
and most consistent finding. The sodium concentration may 
be normal or only slightly elevated. Definitive diagnosis 
requires demonstration of an inappropriately elevated aldos¬ 
terone concentration with a low plasma renin concentration. 
Ultrasonography and CT are useful for localization and 
staging of the tumor Initial treatment should be directed at 
alleviation of hypokalemia. Surgical intervention is the treat¬ 
ment of choice for tumors with no detectable metastases. 
For animals with metastases or in the rare case of bilateral 

hyperplasia, potassium supplementation and spironolactone, 

an aldosterone antagonist, can be given. 


Radiation Treatment 

The success rate for radiation treatment in cats has been 
variable at best. However, the number of cats treated with radi¬ 
ation is very small, therefore conclusions are difficult to draw. 

Medical Treatment 

A number of different medical protocols have been used in 

cats with hyperadrenocorticism. However, success rates are 

variable or poor, and long-term results are often disappointing. 

Medical treatment may be indicated for the presurgical 

management of hyperadrenocorticism and may improve the 
outcome of surgery. 

Mitotone The use of mitotane to treat hyperadrenocor¬ 
ticism has been discouraged in the past because of a perceived 
sensitivity of cats to chlorinated hydrocarbons. In addition, the 
success rate of mitotane treatment was reported to be poor, 26 
One recent report describes successful long-term 
treatment in a cat with PDH. 9S 


mitotane 


Ketoconozole Treatment with ketoconazole (15 mg/kg 

given twice a day] resulted in clinical improvement in some 

cats and no response in others. Severe thrombocytopenia 

reported in one cat and was thought to be due to an adverse 
drug reaction. 

Metyrapone Metyrapone has been successfully used as a 

prior to bilateral adrenalectomy. 96 ^ 7 The optimal 
dose was 65 mg/kg given orally every 12 hours. 

Trilostane There are no published reports on the use of 
trilostane in cats with hyperadrenocorticism. 

Prognosis 

Hyperadrenocorticism in cats is a serious disease with a 
guarded to grave prognosis. Medical therapy has limited 


was 


treatment 


success, 
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CHAPTER 


Hypoadrenocorticism 


Michael E. Heritage 


ypoadrenocortidsm is a syndrome that results from defi¬ 
cient production and secretion of glucocorticoids and/or 
mineralocorticoids by the adrenal cortices. Destruction 
of more than 90% of both adrenal cortices causes a deficiency of 
all adrenocortical hormones and the resulting clinical condition 
is termed primary hyptKidrenocorticism (Addisons disease], 
Secondary hypoadrenocorticism is characterized by deficient 


H 


production and secretion of adrenocorticotropic hormone, 
ACTH, which leads to atrophy of the adrenal cortices and 
impaired secretion of glucocorticoids, The production of miner¬ 
al ocorti coids, however, usually remains adequate because ACTH 
has only minor tropic effects on mineralocorticoid production. 
Primary and secondary hypoadrenocorticism differ not only in 
their pathophysiology but also in their clinical presentations. 
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Renin is a proteolytic enzyme that splits circulating 
angiotensinogen, an alpha-2 globulin produced by the liver, 
into the dec a peptide, angiotensin 1. Angiotensin I is hydro¬ 
lysed to the octapeptide, angiotensin I] by angiotensin con¬ 
verting enzyme found almost exclusively in the pulmonary 
capillary endothelium. Angiotensin II is a powerful vasocon¬ 
strictor that also stimulates aldosterone secretion from the 
zona glomerulosa. Through its action on the distal convoluted 
tubule, aldosterone has negative feedback effects on the juxta¬ 
glomerular apparatus. Potassium has a direct stimulatory effect 
on the zona glomerulosa cells to release aldosterone, ACTH 
and sodium play less significant roles in aldosterone secretion. 
ACTH is necessary to maintain normal aldosterone output. 
In the absence of ACTH, the zona glomerulosa partially 
atrophies, causing mild to moderate aldosterone deficiency 
compared with almost total atrophy of the other zones. 

The main function of aldosterone is to protect against 
hypotension and potassium intoxication. Aldosterone pro* 
motes sodium, chloride, and water re absorption as well as 
potassium excretion in many epithelial tissues including the 
intestinal mucosa, salivary glands, sweat glands, and kidneys. 
Its main site of action is the renal tubule, where it promotes 
sodium and chloride reabsorption in the proximal convoluted 
tubule and sodium re absorption by exchange with potassium 
in the distal convoluted tubule* It is one of the complex 
regulatory systems for the regulation of extracellular fluid 
electrolyte concentrations, extracellular fluid volume, blood 
volume, and arterial pressure. 


One adrenal gland is located craniomedial to each kidney, in 
retroperitoneal fat* The right adrenal gland lies between the 
medial surface of the cranial pole of the right kidney and 
the lateral aspect of the caudal vena cava at the level of the thir¬ 
teenth thoracic vertebra. The right phrenicoabdominal vein 
crosses the ventral surface of the gland before joining the caudal 
vena cava. The left adrenal gland is found craniomedial to the 
border of the left kidney at the level of the second lumbar ver¬ 
tebra, Medially it is bounded by the descending aorta between 
the cranial mesenteric artery and the left renal artery. 

Together, both adrenal glands from normal dogs weigh 
about 1 g. On cross-section, the adrenal cortex appears pale 
yellow whereas the medulla is dark brown. The cortex com¬ 
pletely surrounds the medulla and consists of three distinct 
zones; the outer zona glomerulosa (arcuata) makes up about 
25% of the cortex, the middle zona fasciculata makes up 
approximately 60%, and the inner zona reticularis accounts 
for the remaining 15% of the cortex. The medulla is adjacent 
to the zona reticularis, which makes up 10% to 20% of the 
total volume of the adrenal gland. 

The adrenal cortex produces about 30 different hormones, 
many of which are believed to have little or no clinical signif¬ 
icance (Figure 243-1), The hormones can be divided into 
three groups based on their predominant actions: mineralocor- 
ticoids , which are important in electrolyte and w r ater home* 
ostasis; glucocorticoids, which promote gluconeo genes is; and 
small quantities of sex hormones, particularly male hormones 
that have weak androgenic activity* 

Aldosterone is the most important mineralocorticoid and is 
produced by the zona glomerulosa. The principal glucocorticoid, 
cortisol, and the sex hormones are produced in the zonas fasric- 
ulata and reticularis. Glucocorticoid and mineralocorticoid 
release are controlled by separate mechanisms (Figure 243-2)* 

Regulation of Glucocorticoid Release 

Glucocorticoid release is controlled almost entirely by 
adrenocorticotrophic hormone (ACTH) secreted by the 
anterior pituitary, which in turn, is regulated by corti- 
cotrophin releasing hormone (CRH) from the hypothalamus 
(see Figure 243-2). CRH is secreted by the neurons in the 
anterior portion of the paraventricular nuclei within the 
hypothalamus and is transported to the anterior pituitary by 

the portal circulation, where it stimulates ACTH release* 

There is probably an internal or "short loop” negative feedback 
control by ACTH on CRH, ACTH secreted into the systemic 
circulation causes cortisol release with concentrations rising 
almost immediately. Cortisol has direct negative feedback 
effects on (1) the hypothalamus to decrease formation of 
CRH and 1 2) the anterior pituitary gland to decrease the for¬ 
mation of ACTH. These feedback mechanisms help regulate 
the plasma concentration of cortisol. 

Regulation of Mineralocorticold Release 

Aldosterone release is influenced primarily by the renin- 
angiotensin system and by plasma potassium levels (see Figure 
243-2). Renin is secreted into the blood by the cells of the 
juxtaglomerular apparatus within the kidneys. This apparatus 
consists of specialized cells in the wall of the afferent arteriole 
immediately proximal to the glomerulus as well as specialized 
epithelial cells of the distal convoluted tubule adjacent to that 
arteriole, the macula densa. Renin release may be stimulated 
by stretch receptors in the juxtaglomerular apparatus in 
response to hypotension, reduced renal blood flow, or by 
sodium and chloride receptors in the macula densa. Renin is 
also released by sympathetic nerve stimulation and is inhib¬ 
ited by angiotensin II, antidiuretic hormone, hypertension, 
and increased reabsorption of sodium by the renal tubules. 
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PRIMARY HYPOADRENOCORTICISM 
(ADDISON'S DISEASE) 


Primary hypoadrenocorticism results from progressive destruc- 
tion of the adrenal cortices, which must involve more than 90% 
of the function before clinical signs become apparent. The con¬ 
dition is also referred to as Addison's disease, after the English 

physician, Thomas Addison, who in 1855 described the syn¬ 
drome in humans. In those days, the most common cause was 
destruction of the adrenals by chronic tuberculosis. 

Primary hypoadrenocorticism is rare in the dog although 
probably occurs more frequently than is recognized. 
Hypoadrenocorticism appears to be rare in cats with only one 
case series and a few case reports published. 13 The clinical 
signs, diagnosis, and treatment of hypoadrenocorticism are 
similar in the dog and cat. 


PATHOGENESIS 


Idiopathic Adrenocortical Atrophy 

This is the most common cause in the dog and is thought to 
be the end result of immune-media ted destruction of the 
adrenal cortices. Immune-mediated destruction of the adrenal 
cortices is the most common cause of human primary hypo¬ 
adrenocorticism and 21-hydroxylase (see Figure 243-1) is 

considered to be the major autoantigen. 4 The presence of 
anti adrenal antibodies in two dogs and characteristic 
histopathologic findings in another support the hypothesis of 
immune-mediated destruction. 5 The increased predisposition 
of primary hypoadrenocorticism in young to middle-aged 
female dogs is also suggestive of an immune-mediated disease. 
An immune-mediated etiology is also suspected in the cat. 

in approximately 50% to 60% of humans with primary 
hypoadrenocorticism, the disease is associated with other 
immune-mediated disorders such as Hashimoto's thyroiditis, 
insulin-dependent diabetes mellitus, hypoparathyroidism, 
primary gonadal failure, and atrophic gastritis. Autoimmune 
polyglandular disease has also been recognized in the dog 
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Bilateral Adrenalectomy 

The surgical removal of both adrenals has been used for the 
treatment of canine and feline pituitary‘dependent hyper- 
adrenocorticism, The surgery is technically difficult and there 
is a high morbidity and mortal ity rate even when performed 
by experienced surgeons. These dogs and cats must be treated 
for hypoadrenocorticism with replacement hormone therapy 
for the rest of their lives. 
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Other Possible Causes 

Rarely, canine hypoadrenocorticism can be caused by hemor¬ 
rhage or infarction of the adrenal glands, granulomatous or 
neoplastic involvement of the adrenal glands, amyloidosis of 
adrenal cortices, or following trauma to the adrenal glands. 
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Adrenocortical pathology leads to mineralocorticoid and gluco¬ 
corticoid deficiency. Aldosterone is the major mineralocorticoid 
and promotes sodium, chloride, and water re absorption as well 
as potassium excretion in many epithelial tissues, including the 
intestinal mucosa, salivary glands, sweat glands, and kidneys Its 
main site of action is the renal tubule, where it promotes sodium 
and chloride reabsorption in the proximal convoluted tubule 
and sodium reabsorption by exchange with potassium in the 
distal convoluted tubule. Deficiency of aldosterone causes 
impaired ability' to conserve sodium and water and failure to 
excrete potassium leading to hyponatremia and hyperkalemia. 
Hyponatremia induces lethargy, depression, and nausea while 
causing development of hypovolemia, hypotension, reduced car¬ 
diac output, and decreased renal perfusion. Hyperkalemia causes 
muscle weakness, hyporeflexia, and impaired cardiac conduction. 
Glucocorticoid deficiency causes decreased tolerance of stress, 
loss of appetite, vomiting, diarrhea, abdominal pain, and lethargy. 
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Figure 243-2 Regulation of glucocorticoid and mineralocorti¬ 
coid release, Corticotrophin releasing hormone (CRH), adreno- 
corticotrophic hormone (ACTH) 


SICNALMENT 


Breed 

Many breeds of dog have been reported with hypoadrenocor¬ 
ticism, but great Danes, Portuguese water dogs. Rottweilers, 
standard Poodles, West Highland white terriers, and soft- 
coated Wheaten terriers appear to be at greater risk of devel¬ 
oping hypoadrenocorticism compared with dogs of other 
breeds. 8 Evidence of familial occurrence and the possibility 
ot an hereditary factor has been suggested in standard 
Poodles, 9 10 bearded collies, 11 12 and Leonbergers ,P although 
the precise genetic mechanism responsible for inheritance of 
the disease remains undetermined. 

No breed predisposition has been identified in the cat. 
Most reported cases of hypoadrenocorticism have been in 
domestic shorthaired and longhaired cats. 


with hypoadrenocorticism and hypothyroidism being the 
most common combination, but diabetes mellitus and/or 
hypoparathyroidism may also occur concurrently.^ 

Drug-Induced Adrenocortical Necrosis 

iatrogenic hypoadrenocorticism is a possible complication of 
mitotane therapy used in the treatment of canine hyper- 
ad renocorticism (see Chapter 242), Although mitotane usually 
spares the zona glome nil osa and therefore mineralocorticoid 
secretion, cases of complete adrenocortical failure may occur 
in as many as 5% of treated dogs. In most of these dogs, the 
adrenal cortex does not recover when mitotane therapy is 
withdrawn and permanent mineralocorticoid and glucocorti¬ 
coid replacement therapy is required. This is a separate entity 
from transient glucocorticoid deficiency, which may occur 
following overdosage of mitotane during the induction or 
maintenance phase of therapy for hyperadrenocorticism. 

Adrenocortical necrosis has also been reported following 
treatment of canine hyperadrenocorticism with trilostane. 
Since trilostane is a reversible inhibitor the 3p-hydroxysteroid 
dehydrogenase enzyme system, which blocks adrenal syn¬ 
thesis of glucocorticoids, mineralocorticoids, and sex hor¬ 
mones (see Figure 243-1), this complication is not common. 
However, awareness of this possible complication is important 
because prompt treatment is required to correct this life- 
threatening situation. 


Age 


Hypoadrenocorticism appears to be a disease of the young 
and middle-aged dog with an age range of 2 months to 
14 years and a median age of 4 to 6 years. A similar age range 
has been noted in cats with hypoadrenocorticism. 


7 


Approximately 70% of dogs with naturally occurring hypo¬ 
adrenocorticism are female and sexually intact females have 
been shown to have a significandy higher risk of developing 
hypoadrenocorticism than spayed Females. 8 This is similar to 
autoimmune Addison's disease in humans and supports the 
hypothesis of an immune-mediated pathogenesis in most dogs. 
However, in the bearded collie and standard poodle, 


















SECTION XVI * Endocrine Disorders 


1616 


in which hypoadrenocorticism is considered to be highly 
heritable, both sexes are affected with equal probability, 10 ' 32 
No sex prediposition has been reported in cats. 


Clinical Signs of Primary Hypoadrenocorticism 
(Addison’s Disease) 


CLINICAL SIGNS 


Anorexia 

Lethargy/depression 

Weakness, usually episodic 
Vomiting 

Waxing and waning illness 
Weight loss or failure to gain weight 
Dehydration 

Diarrhea or occasionally constipation 

Polydipsia and/or polyuria 

Collapse or syncope 

Restless n ess/s h ak i ng/s hive ring 

Regurgitation 

Painful muscle cramps 

Melena 

Weak pulse 
Bradycardia 

Abdominal pain 


The clinical signs of primary hypoadrenocorticism vary from 
mild to severe with the progression being either acute 
chronic. The chronic form of hypoadrenocorticism with clini¬ 
cal signs present for weeks to months is more common than 
the acute disease in the dog, although the distinction between 
these two syndromes is not always clear. 

Acute Primary Hypoadrenocorticism 

The clinical appearance of acute hypoadrenocorticism is that 
of hypovolemic shock (an Addisonian crisis). The animal is 
usually found in a state of collapse or collapses when stressed. 
Other signs include weak pulse, profound bradycardia, abdom¬ 
inal pain, vomiting, diarrhea, dehydration, and hypothermia. 
Bradycardia is an inappropriate response in a collapsed, hypo¬ 
volemic patient and warrants immediate investigation. 
Acute hypoadrenocorticism is rapidly progressive, life threat¬ 
ening, and represents a true medical emergency. Symptomatic 
therapy with aggressive fluid therapy will help 

afflicted dogs and cats by allowing more time to make 
a diagnosis. 


or 


most 


Chronic Primary Hypoadrenocorticism 

The clinical signs in the chronic form are often vague and non¬ 
specific and may be exacerbated by stress (Box 243-1). 
The diagnosis should be considered in any dog or cat with a 
waxing and waning type of illness or that shows episodic 
weakness and collapse. The most consistent clinical signs 
include anorexia, vomiting, lethargy, weight loss, diarrhea, 
obtundation, depression, shaking or shivering, muscle fascicu- 
lations, severe muscle weakness, and polydipsia/polyuria. Less 
common signs such as regurgitation due to megaesophagus 34 , 
painful muscle cramping 15 , and hypoglycemic seizures 16 have 
been reported. The severity of each sign can vary during the 
course of the disease and may be interspersed with periods of 
apparent good health often following nonspecific veterinary 
therapy, usually consisting of cage rest, glucocorticoid therapy 
and/or parenteral fluid administration. Hypoadrenocorticism 
can easily be mistaken for primary renal, gastrointestinal 

neuromuscular diseases. 


appreciated until the dog has been rehydrated because of the 

hemoconcentration effect of dehydration. Profound anemia 

(PCV < 20%) is usually found in association with gastro- 
intestin a 1 h emorrh a ge. 

■ 

Biochemistry 

The most consistent laboratory findings in hypoadrenocorti¬ 
cism are prerenal azotemia, hyponatremia, hyperkalemia, and 
mild to moderate metabolic acidosis. However, approximately 
10% of dogs with primary' hypoadrenocorticism have normal 
serum electrolyte concentrations and these cases are referred 
to as atypical Addison's disease ^ 

Blood Urea, Creatinine, and Urine Specific Gravity 
Blood urea nitrogen (BUN) and serum creatinine concentrations 
are increased secondary to reduced renal perfusion and 
decreased glomerular filtration rate. Reduced renal perfusi 
results from hypovolemia, reduced cardiac output and hypo¬ 
tension, which in turn result from chronic fluid loss through 
the kidneys, acute fluid loss through vomiting, and/or diarrhea 
and inadequate fluid intake. This prerenal azotemia is often 

associated with hyperphosphatemia. Increases in BUN also 

result from gastrointestinal hemorrhage, which is common. 
This usually explains the discordant moderate-to-severe increase 
in BUN in a dog or cat with Addison's disease that has only a 
mild-to-moderate increase in serum creatinine concentration. 

Prerenal azotemia is usually associated with concentrated 
urine (specific gravity >1.030) whereas the urine concentra¬ 
tion in dogs and cats with primary renal failure is often 
isothenuric or only mildly concentrated (LOOS to 1.025). The 
urine specific gravity in dogs and cats with hypoadrenocorti¬ 
cism is variable but is usually between 1.015 and 1.030, 
which may cause confusion for the clinician as it is more 
dilute than would be expected in an animal with prerenal 
azotemia. This reduction in urine specific gravity develops 
hypoadrenocorticism because of impaired concentrating 
ability secondary' to chronic sodium loss reducing the renal 
medullary concentration gradient. 39 With appropriate fluid 
therapy, the blood urea and creatinine concentrations in cases 
of hypoadrenocorticism will usually quickly return to normal 
confirming that the azotemia is prerenal. 


, or 

physical examination apart from 
obtundation and weakness include dehydration, bradycardia, 
weak femoral pulses, and prolonged capillary refill time. In a 
few cases, severe gastrointestinal hemorrhage with melena, 
hematochezia, and occasionally hematemesis can occur, 
resulting in profound anemia. 17 Since the history and clinical 

findings are not pathognomonic for hypoadrenocorticism, 
a high index of suspicion and a careful and critical evalua¬ 
tion of dogs and cats are necessary to arrive at the correct 
diagnosis. 


on 


Common findings on 


CLJNICOPATHOLOGIC FINDINGS 


Hematology 

Hematologic changes may include lymphocytosis, eosinophilia 
and mild normocytic, normochromic, nonre gene rati ve 
(Box 243-2), However, these findings are not as consistent as 
those changes seen in hyperadrenocorticism. Normal 
increased eosinophil and lymphocyte counts in a sick animal 
with signs compatible with hypoadrenocorticism are signifi¬ 
cant, because the expected response to stress would result in 
eosinopenia and lymphopenia, A mild anemia may not be 


anemia 


in 


or 
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Differential Diagnosis for Significant 

Hyperkalemia and/or Hyponatremia in 

Dogs and Cats 


Routine Laboratory Findings in Primary 

Hypoadrenocorticism (Addison's Disease) 


Hematology 

Lymphocytosis 

Eosinophil i a 
Relative neutropenia 

Anemia usually a normocytic, normochromic, 
non-regenerative anemia, but can be blood loss anemia 
associated with gastrointestinal hemorrhage 


Renal or urinary tract disease 
Acute primary renal failure 

Chronic severe oliguric or anuric renal failure (rare) 
Urethral obstruction 

Uroabdomen (ruptured ureter, bladder, or urethra) 
Postobstructive diuresis 
Nephrotic syndrome 
H y poad re nocortic i s m 
Severe gastrointestinal disease 
Parasitic infestations 
Trichuriasis 
Ascariasis 
Ancylostomiasis 
Salmonellosis 
Viral enteritis 
Parvovirus 
Distemper 

Gastric diiatation/volvulus 
Gastrointestinal perforation 
Severe malabsorption 
Idiopathic hemorrhagic enteritis 
Pancreatrtic disease 
Severe hepatic failure 

Cirrhosis 

Neoplasia 

Severe metabolic or respiratory acidosis 
Congestive heart failure 

Massive release of potassium to the extracellular fluid 
Crush injuries 
Aortic thrombosis 






Biochemistry 

Azotemia H 

Increased blood urea 
Increased creatinine 
Increased phosphate 
Hyponatremia (<135 mEq/L) 

Hyperkalemia (>5,5 mEq/L) 

Reduced sodium: potassium ratio (< 25:1) 

Reduced bicarbonate and total C0 2 concentrations 

Hypochloremia x 

Hypercalcemia 

Hypoglycemia 

Hypoalbuminemro 


Urinalysis 

Specific gravity variable (usually 1,015 to 1030) 


Sodium and Potassium Concentrations 
The serum sodium con centrati on is usually less th an 13 5 mEq/L 
and the serum potassium concentration usually greater than 
5,5 mEq/L. However, because of the variability of these two 
abnormalities, the ratio of sodium to potassium may be more 
reliable than the absolute values. The normal ratio varies 

between 27:1 and 40:1, whereas in dogs and cats with 
hypoadrenocorticism, the ratio is usually less than 25:1 and may 
be below 20:3. Serum chloride concentration is also reduced 
in association with sodium and frequently chloride con¬ 
centrations below 100 mEq/L are found in animals with 
hypo adrenocorticism. 

Concurrent hypovolemia, hyponatremia, and hyper¬ 
kalemia may develop in other conditions apart from hypoad¬ 
renocorticism such as gastrointestinal disease, chronic blood 
loss, acute and chronic renal failure, chronic hepatic failure, 
chronic heart failure, repeated drainage of chylous and non- 
chylous pleural effusions, lymphangiosarcoma, and pregnancy 
(Box 243-3 ). 20 22 In a recent review of low sodium:potassium 
ratios in 34 dogs, renal failure or urinary tract disease leading 
to decreased urine excretion of potassium accounted for the 
low ratio in most of the dogs with sodium: potassium ratios of 
between 19.9 and IS. 23 These low ratios were more strongly 
associated with high serum potassium concentrations than 
with low serum sodium concentrations. Four of the dogs in 
that study had sodium:potassium concentrations ratios of 
less than 15 and each dog had hypoadrenocorticism. 
However, although of hypoadrenocorticism, a low 

sodium [potassium ratio of less than 15 is not diagnostic of 
hypoadrenocorticism. Pseudohyperkalemia, which is defined 
as a spurious increase in serum or plasma potassium concen¬ 
tration caused by in vitro changes, may be seen in hemolysed 
blood samples, especially from Akitas 24 and in 
thrombocytosis or extreme leucocytosis. 25 


Rhabdomyolysis 


Heat stroke 


Exertional 
Massive infections 
Massive hemolysis (rare) 

Chylous and non-chylous pleural effusions 
Pregnancy 

Lymphangiosarcoma . 

P seu do hyperkalemia 

Japanese Akitas and related breeds 

Severe leukocytosis (>100,000/mm 3 ) 
Severe thrombocytosis (>1,000,000/mm 3 ) 
Diabetes mellitus 


Primary polydipsia 
Inappropriate ADH secretion 


Drug-induced 


Potassium-sparing diuretics 
Nonsteroidal anti-inflammatory agents 
Angiotensin-converting enzyme inhibitors 
Potassium-containing fluids 


Most of these diagnosis/conditions are rarely associated with 

abnormal electrolyte abnormalities. 

References 20 through 25. 
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Approximately 10% of dogs with primary hypoadreno¬ 
corticism have normal serum electrolyte concentrations at the 
time of initial examination. It is generally believed that these 
dogs with atypical Addison's disease have early or mild pri¬ 
mary hypoadrenocorticism and that typical electrolyte abnor¬ 
malities would develop with time. Rarely isolated primary 
hypocortisolemia has been reported in dogs that 
develop serum electrolyte abnormalities. 26 

Calcium Concentration 

Mild to moderate hypercalcemia is seen in about a third of 
dogs with hypoadrenocorticism. Usually these dogs are most 
severely affected by the disease. The mechanism by which 
hypercalcemia occurs in hypoadrenocorticism remains to be 
elucidated, but hemoconeentration, increased renal tubular 
reabsorption, and decreased glomerular filtration are thought 
contribute. The differential diagnosis of hypercalcemia 
includes neoplasia, primary hyperparathyroidism, chronic 

renal failure, hypervitaminosis D, and granulomatous disease. 

In a study of 40 dogs with hypercalcemia, hypoadrenocorti¬ 
cism was the second most common cause and accounted for 

In the same study, the degree of hypercalcemia was 
found to be significantly lower in dogs with hypoadrenocorti¬ 
cism (mean plasma calcium concentration 14.0 ± 1.6 mg/dL) 

than in lymphoproliferative disease ( 
concentration 1 7.2 ± 2,8 mg/dL). 

Blood Glucose Concentration 

Theoretically, dogs with hypoadrenocorticism should have 
tendency to develop hypoglycemia because glucocorticoid 
deficiency reduces glucose production by the liver and periph¬ 
eral cell receptors become more sensitive to insulin. However, 
hypoglycemia is uncommon. 28 The potential for this compli¬ 
cation should remain a concern for the clinician as rarely the 

severity of the hypoglycaemia may result in clinical signs of 
ataxia, disorientation, or seizures. 16 


serum hi carbon ate determinations are reduced. Acidosis 
develops because reduced aldosterone concentrations impair 
renal tubular secretion of hydrogen ions. Hypotension and 
poor renal perfusion are likely to contribute to the acidosis. 

Electrocardiographic Findings 

Hyperkalemia impairs cardiac conduction and may cause life- 
threatening arrhythmias. These changes can be assessed by 
electrocardiography (ECG) (Figure 243-3). Although the 
ECG changes do not correlate precisely with serum potassium 
concentrations, probably because of the influence of other 
electrolyte abnormalities particularly the cardioprotective 
effects of increased calcium, metabolic acidosis, and impaired 
tissue perfusion, the following guidelines have proved helpful: 

peaking of the T wove 
shortening of the Q-T interval 
increased QRS duration 
P wave amplitude decreased 
P-R interval prolonged 
P wave absent (sinoatrial standstill) 
severe bradycardia 


never 


>5.5 mEq/L 

>6.5 mEq/L 
>7.0 mEq/l 

>8.5 mEq/L 


to 


In some cases, bizarre QRS complexes representing ventri¬ 
cular extrasystoles, paroxysmal ventricular tachycardia, or 
ventricular fibrillation may be seen and these are most likely 
the result of hypoxia and/or hyperkalemia. 

Electrocardiography can also be used for monitoring the 
response to treatment. An improvement in the ECG tracing 
suggests a reduction in serum potassium concentration. 

Radiographic Findings 

Dogs with hypoadrenocorticism may show radiographic signs 
of hypovolemia, which include: microcardia, decreased size of 
pulmonary vessels, reduced size of the caudal vena cava, and 


plasma calcium 


mean 


a 


Serum Albumin Concentration 

Moderate to severe hypoalbuminemia has been noted in dog 

with hypoadrenocorticism. The pathogenesis of hypoalbu- 

primary hypoadrenocorticism is unknown, but 
gastrointestinal hemorrhage, impaired intestinal absorption of 
nutrients, and impaired albumin synthesis may be involved. 
The major causes of hypoalbuminemia include increased loss 
(for example, protein losing nephropathy or enteropathy, 
blood loss, severe exudation, or hemorrhage into body cavities) 
and decreased production (for example, severe malabsorption, 
maldigestion, or malnutrition or inadequate production in 
chronic liver disease). In one study, 39% of dogs with hypoa¬ 
drenocorticism were found to have hypoalbuminemia. 2 ^ 
However, other studies have shown the frequency of hypo¬ 
albuminemia to be considerably lower, between 6% and ] 2% 
ol cases.Some of the hypoalbuminomic dogs also have 
hypocholesterolemia, microhepatica, and/or ascites. 
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Liver Enzyme Concentrations 

Mild to moderate increases in liver enzyme activities, such as ala¬ 
nine aminotransferase, aspartate aminotransferase, and alkaline 
phosphatase, are found in some dogs with hypoadrenocorticism. 
Although the precise cause of these increases is unknown, 
reduced cardiac output and poor tissue perfusion probably play 
a role. Increased liver enzyme activities hypoalbuminemia, and 
hypoglycemia would raise the suspicion of primary hepatic dis¬ 
ease in some dogs with hypoadrenocorticism and clinicians 
should be aware of this potential confusion. 

Acid-Base Bala ru e 

Mild to moderate metabolic acidosis is common in dogs with 
hypoadrenocorticism. Total carbon dioxide concentrations and 
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Figure 243-3 Electrocardiograms from a 4-year-old bearded 

collie dog with primary hypoadrenocorticism taken (A) before 
and (B) after supplementation with glucocorticoids and miner- 
alocorticoids. Paper speed is 25 mm/sec and sensitivity is 1 
1 mV, A, The P waves are absent, the T waves are peaked, and 
there is profound bradycardia. The serum sodium concentration 

was 138 mEq/L and the serum potassium 9,5 mEq/L, B, ECG 

after treatment showing sinus arrhythmia. The serum sodium 
concentration was 142 mEq/L and the serum potassium 5.4 mEq/L, 
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Figure 243-5 A longitudinal sonogram of the right adrenal 

gland of a Labrador retriever with primary hypoadrenocorticism. 

The adrenal thickness (3.5 mm) and the adrenal length (13.1 mm] 
have been measured. 


Figure 243-4 Lateral thoracic radiograph of a standard poodle 

with primary hypoadrenocorticism showing the effects of hypo¬ 
volemia, including microcardia, decreased pulmonary vasculature, 
and reduced caudal vena cava The esophagus is dilated with air 
in the cranial thorax as evidenced by a dorsal tracheal stripe sign, 


with secondary hypoadrenocorticism. No large series of blood 
pressure measurements in dogs with hypoadrenocorticism 
have been published, but hypotension has been recorded in 
individual cases. 1h 


microhepatica (Figure 243-4). These changes, however, are 
not specific and only represent hypovolemia and dehydration 
regardless of the cause. The severity of these radiographic find¬ 
ings usually correlates with the degree of hypovolemia* 

A few' dogs with hypoadrenocorticism develop esophageal 

dilation or mega esophagus as a result of generalized muscle 

weakness and this can be seen on thoracic radiographs as an 
air-filled, dilated esophagus. Image-intensified fluoroscopy, 
using barium paste or barium mixed with food demonstrates 
a complete absence of esophageal peristaltic activity. The cause 
of esophageal dilatation in hypoadrenocorticism remains 
unclear but was considered to be attributable to the effect of 
abnormal sodium and potassium concentrations on membrane 
potential and neuromuscular function. 31 However, in some 
dogs with hypoadrenocorticism and megaesophagus, abnormal 
serum electrolyte concentrations were never documented, 
which suggests that the esophageal dilatation was associated 
with glucocorticoid deficiency, 1 ^ 32 The megaesophagus resolves 
rapidly with appropriate treatment for hypoadrenocorticism. 

U It ro so no g r a p hy 

With high resolution ultrasound equipment, it is possible for 
an experienced ultrasonographer to image the adrenal glands 
of most norm al and diseased dogs. Ultrasonographic examina¬ 
tion of the adrenal glands has been performed in dogs with 

hypoadrenocorticism, and the adrenal glands were shown to 
be shorter (median values: left adrenal 12.1 mm; right adrenal 
13.1 mm) and thinner (median values: left adrenal 2.4 mm; 
right adrenal 2.5 mm) than those of healthy dogs. 33 However, 
there is considerable variation in the normal measurements of 

canine adrenal glands with maximum dimensions (length X 

thickness) in the range 10 to 52 mm x 2 to 12 mm. 34 ' 35 There 
is poor correlation between these dimensions and body 
weight and there are no published normal adrenal measure¬ 
ments for different breeds of dog. Although ultrasonography 
could not distinguish between primary and secondary hypo¬ 
adrenocorticism, the technique was considered to be a useful 
screening test especially in critically ill animals with acute 
disease (Figure 243-5)* 

Blood Pressure 

Hypotension is present in nearly all humans with primary 
hypoadrenocorticism but is an uncommon finding in those 


Endocrine Tests 

ACTH Stimulation Test 

The ACTH stimulation test is the gold standard test for 
providing a definitive diagnosis of hypoadrenocorticism. 
Intravenous synthetic preparations of ACTH, either cosyn- 
tropin (Cortrosyn, Organon) or tetracosactrin (Synacthen, 
Alliance), should be used. Absorption of depot products such 
as ACTH gel cannot be relied on, particularly if the animal is 
collapsed or severely hypotensive*The protocol is described in 

Box 243-4* 

In dogs and cats w'ith hypoadrenocorticism, the resting 
cortisol concentration will be low or undetectable with a sub¬ 
normal or negligible cortisol response to ACTH* About 85% 
of dogs with naturally occurring hypoadrenocorticism have 
basal and post-ACTH cortisol concentrations of less than 

1.0 pg/dL (30 nmol/LJ and more than 90% of cases have cor¬ 
tisol concentrations that do not exceed 2.0 pg/dL (60 nmol/L) 
at any time during the test, 37 Similar low cortisol concentra¬ 
tions have been reported in cats with hypoadrenocorticism. 
The ACTH stimulation test, however, does not distinguish 
between primary hypoadrenocorticism and secondary hypo* 
adrenocorticism due to pituitary failure or iatrogenic 
glucocorticoid administration. 


Endogenous Plasma ACTH Concentration 
Plasma ACTH concentrations are useful in distinguishing 
primary from secondary hypoadrenocorticism, but stringent 
and meticulous sample handling is crucial since the activity of 
ACTH in the plasma will reduce rapidly resulting in falsely 
low values and incorrect interpretation (see Box 243-4), 
Dogs and cats w r ith primary hypoadrenocorticism have 
extremely increased endogenous ACTH concentrations (>500 
pg/mL), due to the lack of a negative feedback of cortisol 
on the pituitary, whereas those with secondary hypo ad re no* 
corticism have low or even undetectable concentrations of 


ACTH (<5 pg/mL). 


Plasma Aldosterone Concentrations 

Basal aldosterone concentrations are of little or no diagnostic 
value. Plasma aldosterone concentrations should be measured 
in response to ACTH stimulation (see Box 243*4). 
Theoretically, plasma aldosterone concentrations should help 
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intravenous fluid therapy using normal saline (0,9% sodium 
chloride) at an initial rate of 60 to SO mL/kg/hour for the first 
1 to 2 hours. This treatment also helps in correcting the hypov¬ 
olemia, hyponatremia, and hypodiloremia. Urine output should 
be measured and if possible a central venous catheter should be 
used to monitor central venous pressure during fluid therapy. 
The response to treatment is often dramatic and other treat¬ 
ments for hyperkalemia such as glucose and insulin therapy 
calcium administration are not usually required in animals with 
hypoadrenocorticism. The serum potassium decreases because 
of the dilution effect of the saline and the improvement in renal 
perfusion and glomerular filtration, w'hich encourages further 
excretion of potassium into the urine. Although most cases 
respond quickly, generally within 12 hours, a few cases require 
intravenous fluid therapy over several days to correct the elec¬ 
trolyte imbalance and prerenal azotemia. 

Intravenous glucose If hypoglycemia is suspected, a 50% 
glucose solution should be added to the normal saline to pro¬ 
duce a 5% dextrose solution. If hypoglycemia is known to be 
present, a bolus injection of 1 mL/kg of 50% glucose should 
be given intravenously initially before continuing with the 
5% dextrose in 0.9% sodium chloride solution. 

Glucocorticoid therapy Glucocorticoid therapy should 
be used early in the treatment of the acute Addisonian crisis 
to correct hypocortisolemia. The glucocorticoids of choice in 
an acute crisis include the following: 

hydrocortisone sodium 

succinate 

prednisolone sodium 
succinate 
dexamethasone 

sodium phosphate 

If possible, glucocorticoids should be withheld until after 
completion of the ACTH stimulation test since hydro- 
cortisone and prednisolone have the potential to cross-read 
with cortisol in the assay falsely increasing the cortisol 
cent ration, Dexamethasone can be used because it will not 
interfere with the cortisol assay and is recommended if gluco¬ 
corticoid therapy cannot be delayed. 

Mineralocorticoid preparations are not essential for treat¬ 
ing an Addisonian crisis. However, mineralocorticoid therapy 
is recommended for any dog or cat suspected to have hypo¬ 
adrenocorticism, once the ACTH stimulation test has been 
completed. As discussed, intravenous saline should help 
correct the hypovolemia, hyponatremia, hyperkalemia, and 
azotemia typical of this condition. No serious adverse 

tions are associated with mineralocorticoid administration to 
non-hypo ad renal animals and the beneficial effects to those 
with the disease are complimentary to saline administration. 
Therefore it is recommended that desoxycorti coster one 
pivalate (DOCP; 2.2 mg/kg, IM) be administered. If the 
animal has hypoadrenocorticism, the drug will need to be 
given once again at 25 days, usually subcutaneously. The stan¬ 
dard in management of these animals in crisis is administra¬ 
tion of saline during completion of the ACTH stimulation test 
followed immediately by both glucocorticoid and mineralo- 
corticoid therapy. Alternatives to DOCP have been tried. 
Hydrocortisone has been recommended as it possesses gluco¬ 
corticoid and mi n era I ocorti coi d activities identical to those of 
endogenous cortisol. 39 Prednisolone also has some mineralo¬ 
corticoid activity. Neither hydrocortisone or prednisolone 
have been shown to be superior to dexamethasone, which has 
no mineralocorticoid activity, in treating an Addisonian crisis 

(Table 243-1). 


Protocols for Endocrine Tests for 

Hypoadrenocorticism 

The ACTH Stimulation Test 

* Collect 2 to 3 mL plasma or serum sample for basal 
cart iso I co n ce n t ration** 

* Inject 0.25 mg of synthetic ACTH (cosyntropin, 

Cortrosyn. Oga n o n: tet racosactrin; 5ynacthen. AH ia n ce) 
intravenously to dogs or cats over 5 kg. Use only 
0*125 mg in dogs or cats less than 5 kg. 

- Collect a second sample for cortisol concentration 30 to 
I 60 minutes later in the dog* In the cat, two samples 
should be collected at 60 and 90 to 120 minutes to 
ensure the peak response is measured* 

Plasma Endogenous ACTH Concentration 

* Blood (3 mL) is collected into a cooled plastic EDTA tube 

and centrifuged at 4° C Immediately* 

* The plasma should then be harvested and stored frozen 
(at less than —20° C) in a plastic tube. 

* Samples must be transported to the laboratory froz 
and must be kept frozen until assayed* 

* Stringent and meticulous sample handling Is crucial 
since hormone activity in the plasma will reduce 
rapidly resulting in falsely low values and incorrect 

interpretation. 

* The endogenous ACTH assay must be validated for 
use in dogs and cats, otherwise the test may provide 
spurious results that could be misleading* 

'The recent administration of glucocorticoids such as hydro- 
cortisone, prednisolone, or prednisone may result in elevated cortisol 
concentrations due to cross-reactivity in many cortisol assays. For 
this reason glucocorticoids should be withheld for at least 24 hours 
before testing. There is no cross-reactivity with dexamethasone, but 

dexamethasone will suppress cortisol concentrations in animals with 
an intact hypothalamic-pituitary adrenal axis. 


or 


en 


TO mg/kg IV repeated every 3 to 
6 hours or as a constant rate 
infusion at 0.5 mg/kg/hour 39 
5 mg/kg IV repeated every 3 to 
6 hours 

0*5 to 1.0 mg/kg IV given 


once 


con- 


differentiate between primary hypoadrenocorticism (with 
reduced cortisol and aldosterone concentrations) and sec¬ 
ondary hypoadrenocorticism (with normal aldosterone and 
reduced cortisol concentrations). However, aldosterone 

are not widely available and few studies have reported. 

After stimulation with ACTH in normal dogs, plasma 

aldosterone concentrations should double, unless the basal 

concentration is already in the high-normal range. 38 In dogs 

suffering from primary hypoadrenocorticism with hypoaldos- 

teronism, the basal aldosterone concentration is low with 

minimal or no increase in the post-ACTH aldosterone 

centration* Some dogs with atypical Addison s disease have 

basal and post-ACTH aldosterone concentrations below the 

detectable limit of the assay despite the presence of normal 

serum sodium and potassium concentrations. Other dogs with 

atypical Addison's disease may have higher aldosterone 

centra tions than classical cases of hypoadrenocorticism both 

before and after ACTH stimulation, but concentrations are 
still abnormally decreased. 

Treatment of Primary Hypoadrenocorticism 

Acute Primary Hypoadrenocorticism 

Intravenous saline Hyperkalemia is life threatening in the 
acute Addisonian crisis but can be reliably treated with aggressi ve 


ass ays 


reac- 


con- 


con- 
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mild signs of iatrogenic hyperadrenocorticism (i.e,, polyuria, 
polydipsia, polyphagia, and weight gain] due to the glucocor¬ 
ticoid effects of fludrocortisone (see Table 243-1), 

Desoxycorticosterone pivalate (Percorten-V, Novartis) 
Desoxycorticosterone pivalate is a long acting ester of des- 
oxycorticosterone acetate, a synthetic corticosteroid with only 
minera 1 ocortkoid activity and no glucocorticoid activity. It is 
formulated into a microcrystalline suspension for injection. 
This preparation is not available in all countries, but studies 
have shown it to be effective in replacing the mineralocorti- 
coid deficiency in dogs with hypoadrenocorticism, 41 It is con¬ 
sidered the drug of choice in the United States (editor's note). 
The recommended dosage is 2,2 mg/kg intramuscularly or 
subcutaneously every 25 days. In another study, lower doses of 
between 1 A and 1.9 mg/kg were found to be effective in con¬ 
trolling electrolyte concentrations and this study also showed 
that the interval between injections varied among dogs, rang¬ 
ing from 14 days to 35 days. 

Signs of iatrogenic hyperadrenocorticism have not been 
associated with long-term use of desoxycorticosterone 
pivalate since it possesses negligible glucocorticoid activity 
(see Table 243-1). However, some dogs developed anorexia 
and depression in the presence of normal electrolyte concen¬ 
trations, which resolved promptly with glucocorticoid 
replacement therapy. 

w 

Glucocorticoid therapy The majority of dogs treated 
with fludrocortisone do not require daily glucocorticoid sup¬ 
plementation for maintenance therapy after the initial period 
of treatment. Those treated with DO CP should also be given 
glucocorticoids. Glucocorticoids at replacement dosages are 
administered for the first 1 to 2 weeks of treatment until the 
animal is stable and then gradually reduced. If glucocorticoid 
therapy is discontinued, owners of dogs and cats with hypoa¬ 
drenocorticism should always be provided with a supply of 
prednisolone tablets to be given if the pet appears unwell 
(depressed, anorexic, or vomiting). Prednisolone at a dose of 
0.1 to 0.2 mg/kg daily should be sufficient as glucocorticoid 
replacement for those animals that do require glucocorticoids. 
Higher doses are more likely to produce signs of iatrogenic 
hyperadrenocorticism. 

Salt supplementation Sodium chloride tablets or salting 
of the food should be instigated at a dose 0.1 mg/kg/day 
initially to help correct hyponatremia but can be phased out 
and is not usually required long-term in most cases. Dogs 
requiring unusually high doses of fludrocortisone, however, 
may respond to a lower dose of fludrocortisone if concur¬ 
rently provided with salt supplementation. 

Prognosis 

The prognosis with hypoadrenocorticism is excellent when 
appropriate maintenance therapy has been used together with 
thorough owner education. In one study, the median survival 
time for dogs with hypoadrenocorticism was 4.7 years with a 
range 7 days to 11.8 years. 40 In this study, age, breed, and sex 
were not shown to influence survival time and no significant 
difference was found in the survival time of dogs treated with 
fludrocortisone compared with desoxycorticosterone pivalate. 
The long-term prognosis also appears to be excellent in cats, 
although fewer cases have been studied. 2 


Table 243-1 




Relative Potencies of Adrenal Steroids 


o 


MINERALO¬ 

CORTICOID 

EFFECT 


30 


GLUCOCORTICOID 

EFFECT 


COMPOUND 




Cortisol/ 

hydrocortisone 

Prednisolone/ 

prednisone 
Dexamethasone 
Betamethasone 
De soxy co rt i costero n e 
Fludrocortisone 
Aldosterone 


1 


1 


5 


0.8 




37 


Negligible 

Negligible 


40 


Negligible 

10-20 


50 


150 


0 


500 


40 


Chronic Primary Hypoadrenocorticism 
(Maintenance Therapy) 

Mineralocorticoid therapy Dogs and cats with primary 
hypoadrenocorticism that have the classic electrolyte distur¬ 
bances of hyponatremia, hyperkalemia, and hypochloremia, 
require lifelong treatment with minefalocorticoids, Use of 
mineralocorticoid supplementation in those with atypical 
Addison's disease, where the electrolyte concentrations are 
normal, is more complex. In one study, two dogs with atypi¬ 
cal primary hypoadrenocorticism were discharged on gluco¬ 
corticoid supplementation only and both dogs died within 
9 days of a presumed Addisonian crisis. 40 However, rarely 
some dogs with atypical primary hypoadrenocorticism have 
an isolated glucocorticoid deficiency and normal mineralocor¬ 
ticoid concentrations; these respond well to just glucocorti¬ 
coid replacement therapy as do those with secondary 
hypoadrenocorticism. 26 Certainly it is prudent to try and dif¬ 
ferentiate primary and secondary hypoadrenocorticism or iso¬ 
lated glucocorticoid deficiency with plasma ACTH 
concentrations and basal and post-ACTH stimulated plasma 
aldosterone concentrations. While awaiting test results, it is 
recommended to administer both mineralocorticoid and 
glucocorticoid replacement therapy to reduce the possibility 
of an acute Addisonian crisis developing. 

There are two preparations used for mineralocorticoid sup¬ 
plementation, fludrocortisone acetate, and desoxycortico¬ 
sterone pivalate. 

F ludrocort i so ne acetate (Horinef, Sq ui bb) Flu dr ocortison e 
is a potent oral synthetic adrenocortical steroid with mainly 
mineralocorticoid effects, although it retains some glucocorti¬ 
coid activity. It is available in 0.1 mg tablets. An initial dose of 
15 pg/kg of fludrocortisone is administered once daily. The 
response is monitored and serum electrolytes measured after 
5 to 7 days. The dose rate should then be adjusted until the 
serum sodium and potassium concentrations are within the 
normal range. Frequently the dose of fludrocortisone has to be 
increased during the first 6 to 18 months of therapy to main¬ 
tain normal electrolyte concentrations and in a few of these 
cases, fludrocortisone may have to be administered twice 
daily. In one study, the daily maintenance dose of fludrocorti¬ 
sone increased from an initial median dose of 13 pg/kg to a 
final median dose of 23 pg/kg. 40 In the same study, the final 
dose of fludrocortisone administered to more than half the 
dogs ranged from 15 to 30 pg/kg/day. 

Adverse effects develop in some dogs, particularly those 
receiving high doses of fludrocortisone to maintain serum elec¬ 
trolyte concentrations within the normal range. These include 


SECONDARY HYPOADRENOCORTICISM 


Secondary hypoadrenocorticism is associated with a deficiency 
of glucocorticoids caused by a deficiency in ACTH produc¬ 
tion and/or release. The production of mineralocortkoids, 
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although reduced, generally remains adequate to control 
serum sodium and potassium concentrations. 

Causes of Secondary Hypoadrenocorticism 

Secondary hypoadrenocorticism 

destructive lesions; for example, large nonfunctional tumors i 

the hypothalamus or pituitary. More commonly, however, it i: 

an iatrogenic condition associated with prolonged suppression 

of ACTH by drug therapy with glucocorticoids or progesto- 
gens such as megestrol acetate.* 2 43 

Clinical Signs 

The clinical signs are variable, but may include depression, 
anorexia, occasional vomiting or diarrhea, weak pulse, and 
sudden collapse when stressed. If the secondary hypoadreno¬ 
corticism is associated with glucocorticoid therapy, then 

clinical signs of iatrogenic hyperadrenocorticism (Cushings 
disease] are usually present. 


Diagnosis 

The diagnosis of secondary hypoadrenocorticism is based 
failure of the plasma cortisol concentrations to respond 
ACTH stimulation together with low or undetectable 
endogenous plasma ACTH concentrations. If measured, the 
plasma aldosterone concentrations may be reduced, but basal 

concentrations will increase with ACTH stimulation. 

Treatment 

Glucocorticoid replacement, using prednisolone at a dose of 
0.1 to 0.2 mg/kg daily is indicated for immediate correction 
of the clinical signs. Further treatment and the prognosis 
depend on the cause of the disease and whether it can be 
treated. Management of glucocorticoid therapy and the pre¬ 
vention of iatrogenic hyperadrenocorticism should be consid¬ 
ered for all patients on long-term therapy with glucocorticoids 
or progestogens. 
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CHAPTER 


Gastrointestinal Endocrine Disease 


Cynthia R, Ward 
Robert L Washabou 


GASTROINTESTINAL ENDOCRINOLOGY 


Although it is dear that some GI peptides evoke biologic 
responses through an endocrine mechanism, it is equally clear 
that other Gl peptides activate cells through a multitude 
of cellular pathways: endocrine, neurocrine, and paracrine. 
The endocrine, neurocrine, or paracrine status of each well- 
established gastrointestinal peptide and other bioactive 
substances is reviewed in this chapter. An overview of 
endocrine, neurocrine, and paracrine mediators may be found 

in Table 244-1, 

Endocrine Substances and Endocrine 
Cell Types 

Gastrointestinal endocrinology has developed from a small 
subset of endocrinology consisting of three distinct peptid 
(secretin, gastrin, cholecystokinin) with local secretagogue 
effects, to a biologic discipline made up of more than 100 
bioactive peptides, all of which are expressed in a controlled cell- 
specific manner. This chapter reviews only those GI hormones 
(and enteric neuropeptides and paracrine mediators] for 
which there are clearly defined biologic functions. Just 
knowledge of bioactive peptides has proliferated in recent 
years, so too has knowledge of the cell types that produce 
these substances. More than 20 different endocrine cell types 
have been identified in the GI tract, and the number 
tinues to grow. Differences in cell type and lineage have been 
addressed in recent reviews. 

Gastrointestinal Hormones 

Gastrin-Cholecystokinin Family 

Gl hormones 1 - 2 4 and related peptides have been divided into 
structurally homologous families, one of which consists of 
gastrin and cholecystokinin (CCK). Gastrin and CCK share 


Endocrine, Neurocrine, and Paracrine Activation 

A gastrointestinal (GI] hormone is classically defined 
substance that [1] is found in gastrointestinal endocrine cells 
U) is released by physiologic stimuli (e.g., feeding], (3) 
lates in blood, (4] binds to a cell receptor at a distant site, and 
(5) evokes a biologic response. ^ However, the characteriza¬ 
tion of an event as the physiologic result of a hormonal action 
may be exceedingly difficult. It is now clear that many sub¬ 
stances previously classified as gastrointestinal hormones are 
neither confined to the gastrointestinal tract nor solely blood- 
borne. For example, many of the peptides localized in Gl 
endocrine cells (e.g,, cholecystokinin, substance P, neurotensin, 
and somatostatin) also may be found in GJ neurons and act as 
neurocrine substances. 3 As enteric neuropeptides, these sub¬ 
stances may evoke similar or different biologic responses. 

Some of these same peptides (e.g., cholecystokinin, sub¬ 
stance P, somatostatin) are also located outside the enteric 
nervous system in vagal afferent fibers or central 
system neurons. Thus some GI hormones may also function 
enteric or brain neuropeptides. A further complication is that 
some GI endocrine cells may release peptides into the extra¬ 
cellular fluid from which they diffuse to, and directly act on, 
neighboring cells. Thus a Gl peptide may evoke a biologic 
response through a paracrine mechanism of activation that 
operates independent of, or in parallel to, an endocrine mech¬ 
anism of activation. Finally, some substances (eg., somatostatin] 
may evoke biologic responses through endocrine, paracrine, and 
neurocrine mechanisms: endocrine regulation of gastric acid 
secretion, paracrine regulation of antral gastrin secretion, and 
neurocrine regulation of smooth muscle contraction. 


as a 


circu- 


es 


nervous 


as 


as 


con- 
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acid secretion. Mini gastrin (G-14) has little biologic effect. 
Endocrine ceils {G cells} in the gastric antrum and duodenum 
secrete gastrin in response to protein meals and, to a lesser 
extent, gastric distension, 14 5 

The most important biologic action of gastrin is the stimu¬ 
lation of gastric acid secretion by gastric oxyntic (parietal) 
cells. A substantial fraction of the gastric acid secretory 
response to protein meals is, in fact, mediated by gastrin. 
However, interactions between gastrin, acetylcholine (neuro- 
crine stimulant), and histamine (paracrine stimulant) deter¬ 
mine the final gastric acid secretory output.'' Most evidence 
suggests that the gastrin effect occurs through the binding 


five basic characteristics: (1) partial sequence homology; (2) 
similar, but not identical, biologic activities; (3) heterogene- 

ach hormone exists in different molecular forms; (4) 

ach hormone is synthesized in different cell types; 




ity 


ubiquity 

and (5) differential principality—different molecular forms 
predominate in different tissues and cells. 1 - 4 5 








Gastrin Gastrin exists in several molecular forms that 
contain 34, 17, and 14 amino acids, respectively. G-34, also 
known as tig gasfrin, is the most abundant form of gastrin 
in serum. 

G-34 in serum but is much more potent in stimulating gastric 






G-17, known as little gastrin, is less abundant than 
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Overview of Endocrine, Neu rocrine, and Paracrine Mediators 


EFFECT 


SITE OF ACTION 


PHYSIOLOGIC RELEASE 


SUBSTANCE 


Gl Hormones 

Gastrin 


Gastric parietal and chief cells 


H + and pepsinogen secretion 


Intro-gastric peptides, 
gastric distension 


Enzyme secretion 
Growth 
Contraction 
Relaxation 

Enzyme secretion and growth 
Inhibition of gastric emptying 
HCO| and water secretion 


Pancreatic acinar cells 

Stomach, duodenum, pancreas 

Gallbladder 

Sphincter of Oddi 

Pancreas 

Stomach 

Pancreatic duct cells, 

biliary epithelium, duodenum 
Gastric parietal cells 
Pa n c reat i c i si et (p) cells 


Duodenal fatty acids, 
amino acids, H + 


Cholecystokimn 


Duodenal H+, fatty acids 


Secretin 


Inhibition of H* secretion 
Stimulates insulin secretion 
(incretin during euglycemia) 
Inhibition of gastric emptying 
(“ileal brake") 

Inhibits gastric emptying {ileal 
brake) and secretion 
Crypt cell proliferation, 
suppression of apoptosis 
Reduces gut permeability and 

bacterial translocation 

Inhibition of gastric and 
intestinal motility 
Stimulates insulin secretion 
(incretin during euglycemia) 
Inhibition of gastric, intestinal, 
and pancreatic secretion 
Increases GES pressure, 
stimulates propulsive 
motility 

Stimulates gastric, pancreatic, 
and biliary secretion 
Stimulation of gastric and 

pancreatic secretion 
Gallbladder contraction 
Inhibition of pancreatic enzyme 
and fluid secretion 


Ileal/colonic glucose and lipid 
Duodenal fatty acids 


Oxy ntom od u 1 i n 

CLP-1 


Stomach 


Ileal fatty acids 


Small intestine, colon 


Carbohydrates, lipids, 

SCFA 


GLP-2 


Duodenum, jejunum, ileum 


Fatty acids, glucose, 
amino adds 


Gastric inhibitory 
polypeptide 


Stomach, intestine, pancreas 


Lipids, protein, and bile 


Somatostatin 


Stomach, duodenum, 

jejunum 


H + and lipids 


Motilin 


Stomach, pancreas, 
gallbladder 


Fatty acids 


Neurotensin 


Pa n c re a tic polyp eptid e Prate i n. c h ol i n erg i c ref lexe s 


Pancreas 


Continued 
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Table 244-1 


Overview of Endocrine, Neurocrine, and Paracrine Mediators — Coni'd 

PHYSIOLOGIC RELEASE 


SUBSTANCE 


SITE OF ACTION 


EFFECT 

Ileal brake, proliferation of gut 
mucosa 

Inhibition of secretion (H + , 
pancreatic enzyme) 

Stimulation of motility and secretion 
Stimulation of growth hormone 
secretion 


Peptide YY 


H 4 and lipids 


Ileum and colon 


Stomach and pancreas 


5- Hy d roxyt ry pta m i ne 
Chrelin 


H 4 


Intestine and colon 

Pituitary 


Dietary protein 


Enteric Neuropeptides 

Substance P 


Luminal distension, 

H 4 , hyperosmclarity 


Stomach, 

intestine, colon 
Pancreas 


Sphincteric contractions, 
intestinal peristalsis 
Stimulation of pancreatic 

enzyme secretion 
Increased blood flow, 

stimulation of fluid secretion 
Relaxation of smooth muscle 
Stimulation of fluid and 
bicarbonate secretion 
Inhibition of longitudinal smooth 
muscle contraction 
Stimulation of circular smooth 
musde contraction 
Inhibition of water ond 
electrolyte secretion 
Stimulation of gastric acid secretion 
Stimulation of pancreatic 
enzyme secretion 

Stimulation of gallbladder contraction 
Descending inhibitory reflex of 

peristalsis 

Ileal and colonic contractions 
Inhibition of intestinal motility 
Regulation of migrating 
myoelectric complex 


Vasoactive intestinal 
polypeptide 


Vagal stimulation 


Stomach, intestine, 

colon 

Stomach, intestine, colon 
Pane reas 


Opioids 


Intestinal distension 


S tom ach, 

intestine, colon 


Bombesins (CRP ond 
Neuromedin B) 


Vag a I st i m u I at to n 


Stomach 

Pancreas 


Gallbladder 

Stomach, intestine, 
pancreas 
Ileum and colon 
Intestine and colon 
Stomach, intestine, colon 


Somatostatin 


Lipids and protein 


Gastrin/CCK 

Neuropeptide V 
5-Hydroxytryptamine 


Intestinal distension 
Intestinal distension 
H 4 and hypertonic 

solutions 


Paracrine Mediators 

Histomine 

Somatostatin 


Vagal stimulation 
Lipids and proteins 


Stomach 

Stomach 

Pancreas 


Stimulation of gastric acid secretion 
Inhibition of gastrin secretion 
Regulation of insulin and 
glucagon secretion 
Stimulation of bicarbonate and 
glycoprotein secretion 
Stimulation of epithelial cell 
renewal and blood flow 
Inhibition of prostanoid receptors 

glucagons-like peptide-2; 


Prostaglandins 


H 4 , gastric distension 


Stomach 


CCK, cholecystokinin; GES , gastroesophageal sphincter; GLPl t glue agon-like peptide- 1; GLP-2 
GRP t gastrin-releasing peptide; SCM, small chain fatty acids. 
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identified in brain neurons, but a functional role for secretin in 
these neurons has not yet been elucidated. 

Enteroglucagon Enteroglucagon and pancreatic glucagon 
arise from the same gene precursor through post-translational 
processing. Several molecular forms of enteroglucagon have 
been characterized, including enteroglucagon or oxyntomod- 
ulin, a 37 amino acid peptide; glicentin, a 69 amino acid, 
C-terminal extended form of oxyntomodulin; glucagon¬ 
like peptide (GLP)-l; intervening peptide-2; and GLP-2, 
Endocrine cells (L cells) in the terminal ileum and colon 
secrete enteroglucagon(s) in response to intraluminal glucose 
and lipid. The most important gastrointestinal action of the 
enterogiucagons is the inhibition of gastric acid secretion. 1 ' 4 
GLP peptides are also involved in the regulation of insulin 
secretion and glycemic control. GLP-I is reported to stimu¬ 
late proinsulin expression and to delay intestinal glucose 
absorption through inhibition of gastric emptying 11 , thus 
acting as an incretin hormone during euglycemia to lower 
blood glucose, GLP-2 is a 33-amino acid peptide hormone 
released from intestinal endocrine cells following nutrient 
ingestion. 12 It exerts trophic effects on the small and large 
bowel epithelium via stimulation of cell proliferation and 
inhibition of apoptosis, GLP-2 also upregulates intestinal 
glucose transporter activity and reduces gastric motility and 
gastric secretion. 

Gastric inhibitory polypeptide (GIP) G1P is a 54-amino 

acid peptide that exists in a single molecular form. 14 It is 
secreted by endocrine cells of the proximal small intestine in 
response to intraduodenal glucose, fatty acids, and amino 
acids. Two important biologic actions of GIF are inhibition of 
gastric acid secretion and stimulation of intestinal fluid secre¬ 
tion. The third, and likely most important, biologic action of 
GIP is the stimulation of pancreatic insulin release during 
hyperglycemia. It has been suggested that GIP and GLP-1 
function as incretins and are the substances responsible for 
increased glucose disposal and enhanced insulin responses 
during intestinal absorption of glucose. 14 ' 14 

Somatostatin 

Somatostatin, or somatotropin release-inhibiting factor was 
originally isolated from the hypothalamus and found to 
inhibit growth hormone and thyrotropin release from the 
pituitary. Somatostatin was subsequently found in gut 
endocrine cells and gut neurons and shown to have endocrine, 
neurocrine, and paracrine biologic effects. Two molecular 
forms of somatostatin have been identified in gut endocrine 
cells: somatostatin-14 (SS-14), and somatostatin-28 (SS-28). 
Endocrine cells (D cells) throughout the GJ tract secrete 
somatostatin in response to protein, lipid, and bile. As a Gl 
hormone, somatostatin inhibits gastric acid and pepsin 
secretion, pancreatic enzyme and fluid secretion, gallbladder 
contraction, and intestinal amino acid and glucose absorp¬ 
tion, 14 Synthetic forms of somatostatin (Sandostatin, Sandoz 
Pharmaceuticals) are available for the treatment of gastric 
acid secretory disorders. 15 In addition to its role as a gastro¬ 
intestinal hormone, somatostatin also functions as an enteric 
neuropeptide (e.g., inhibition of intestinal motility) and as a 
paracrine substance (e.g., inhibition of gastrin secretion). 

Motilin 

Motilin is a 22-amino acid peptide found in endocrine cells 
of the proximal small intestine. Motilin secretion is stimu¬ 
lated by H + and lipid during the fed state. However, motilin 
secretion seems to be most important in the interdigestive 
(fasting) state. During fasting, motilin is episodically released 
into the serum and initiates phase III of the migrating motility 


of gastrin to gastrin receptors on oxyntic cells, although one 
study suggests that the gastrin effect might be indirectly 
mediated through gastrin receptors on gastric mucosal 

immunocytes. 7 

Other important biologic actions of gastrin include 
stimulation of gastric pepsinogen secretion, gastric mucosal 
blood flow, antral motility, pancreatic enzyme secretion, and 
of pancreatic, gastric, and duodenal growth, 1 4 56 Pancreatic 
islet cells (delta cells) are a site of gastrin synthesis and secre¬ 
tion in fetal and neonatal animals, 9 Malignant transforma¬ 
tion of these islet cells in adult animals results in functional 
gastrinomas, AJ1 but one of the gastrinomas that have been 
reported in the dog or cat have been of pancreatic origin (see 
Gastrinoma), 










T> 




Cholecystokimn Cholecystokimn (CCK) also exists in 

several molecular forms: CCK-63, CCK-58, CCK-39, CCK- 
33, CCK-12, CCK-8, and CCK-5.The predominant forms in 

CCK-33, CCK-39, and CCK-58 and probably 


serum are 

account for most of the GI hormone responses. 12 4 CCK-8 is 
the predominant form found in neurons and probably 
accounts for most of the enteric and central nervous system 
neuropeptide responses. Endocrine cells (I cells) in the duo¬ 
denum and jejunum secrete CCK in response to intraduodenal 
fatty acids, amino acids, and H + ion, 1 - 2 4 

As a gastrointestinal hormone, CCK evokes several impor¬ 
tant biologic responses, most importantly, contraction of the 
gallbladder and stimulation of pancreatic enzyme secretion. 
Although CCK receptors have been demonstrated on both 
gallbladder smooth muscle cells and pancreatic acinar cells, it 

clear that CCK evokes gallbladder contraction and 
pancreatic enzyme secretion through activation of presynaptic 
cholinergic neurons at both sites. 49 

Other important endocrine actions of CCK include aug¬ 
mentation of pancreatic fluid secretion in the presence of 
secretin, relaxation of the sphincter of Oddi, inhibition of 
the gastric emptying of liquids, and stimulation of pancre¬ 
atic growth, 14 Because CCK has trophic effects on pancreatic 
growth, 8 it has been suggested that canine juvenile pancreatic 
atrophy might result from CCK deficiency. However, CCK 
secretory deficiency was not observed in a group of young 
dogs with exocrine pancreatic insufficiency, 9 CCK has two 
important biologic actions as an enteric or brain neuropeptide 
(see Enteric Neuropeptides), 


13 


is now 


Secretin -Enteroglucagon - Gas trie Inhibito ry 
Polypeptide Family 

Another structurally homologous group of Gl hormones 
include secretin, enteroglucagon, gastric inhibitory polypep¬ 
tide (GIF), as well as the enteric neuropeptides vasoactive 
intestinal polypeptide (VIP) and peptide histidine-isoleucine 

(PHI). 


Secretin Like gastrin and CCK, secretin exists in several 
molecular forms: 27-, 28- f 30-, and 71-amino acid polypep¬ 
tides. 10 Acidification of the duodenum and jejunum by gastric 
H + is the most important stimulus for secretin secretion by 
endocrine cells (S cells) in the small intestine, 14 Intraduodenal 
lipid may also stimulate secretin release in some species. The 
most important biologic action of secretin is stimulation of 
secretion of a bicarbonate-rich pancreatic fluid from pan¬ 
creatic ductal cells. 0 ' 10 Pancreatic bicarbonate is important in 
neutralizing gastric acid delivered to the small intestine and in 
creating an alkaline environment that is close to the pH 
optimum of pancreatic lipase and co-lipase. Less important 
biologic actions of secretin are to stimulate secretion of bile 
bicarbonate and pancreatic enzymes. 10 The latter effect is 
observed only in the presence of CCK, Secretin has also been 
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complex (MMC r or 


interdigestive motility complex).' e The 
MMC is a motility pattern that empties the stomach and 
small intestine of indigestible solids that accumulate during 
feeding. The cyclic release of motilin from the small intestinal 

during fasting is also thought to coordinate gastric, 

pancreatic, and biliary secretions with phase III of the MMC. 17 

It has been shown that microbially ineffective doses of 

erythromycin (0,5 mg/lb or TO mg/kg) initiate an MMC 

pattern that is indistinguishable from that induced by motilin. 

It has thus been suggested that erythromycin and other 

macfolide-like antibiotics might be useful gastric prokinetic 
agents. 19 


nutritional and caloric intakes, Ghrelin and leptin may be the 
' ying and the yang" of a system that relays peripheral infor¬ 
mation to the brain and directs the body in the appropriate 
maintenance of energy reserves and nutritional intake. 

Enteric Neuropeptides 

A substance may be defined as an enteric neuropeptide if 

(1) it can be demonstrated histochemically in enteric neurons, 

(2) mechanisms for its biosynthesis exist in enteric neurons, 

(3) it is concentrated in nerve terminals, (4) it is released from 

terminals by depolarizing stimuli through a calcium - 

dependent mechanism, and (5) mechanisms for the break¬ 
down, re-uptake, or removal of the substance exist. 3 

The Tackykintns 

The tachykinin family is represented by substance P r sub¬ 
stance K, neuromedin K, physalaemin, kassinin, and eledoisin. 
Substance P is probably the most important enteric neu¬ 
ropeptide of this group Substance P is distributed in enteric 
neurons throughout the GI tract and pancreas, and it is 
released from these neurons in response to luminal distension 
or depolarization. Substance P has three important biologic 
actions as an enteric neuropeptide. 3 First, it causes contraction 
of GI smooth muscle through an indirect effect of media¬ 
ting cholinergic transmission and a direct effect on smooth 
muscle during the peristaltic reflex. Second, substance P is 
located in primary sensory afferent fibers and may be impor¬ 
tant, along with calcitonin gene-related peptide in pain 
input to the central nervous system. Finally, substance P 
rons stimulate pancreatic enzyme secretion from pancreatic 

acinar cells. 


mucosa 


nerve 


Neuro tens in 

Neurotensin is a 13-amino acid peptide, isolated from dog 

ileal and jejunal mucosal endocrine cells [N cells), for which 

definitive endocrine function has been established. 

Intraluminal lipid stimulates neurotensin release from these 

endocrine cells. Neurotensin has been shown to inhibit gastric 

secretion and emptying, stimulate pancreatic secretion, and 

stimulate gallbladder contraction. One of the most likely 

potential roles of neurotensin is that of a physiologic entero- 

gastrone that mediates inhibition of acid secretion after fat 
ingestion. 1 > 4 


no 


Pancreatic Polypeptide 

Pancreatic polypeptide (PP) is a 36-amino acid peptide that 
shares sequence homology with the enteric neuropeptide 
known as neuropeptide Y fNPY). PP is found exclusively i 
pancreatic islet cells (F cells). PP release is stimulated by 
protein meals and by cholinergic reflexes.The most important 
biologic action of PP is the inhibition of pancreatic enzyme 
and fluid secretion. 1 4 Islet cell PP secretion likely autoregu- 
lates acinar and ductal cell secretions because of the islet- 
acinar portal venous system. Other possible endocrine 
functions of PP include relaxation of gallbladder smooth 
muscle, mild stimulation of gastric acid secretion, and initia¬ 
tion of the MMC along with motilin. 17 


in 


neu- 


Vas oactive Intestinal Polypeptide/Peptide 
His tidinessoleucine 

The classic enteric neuropeptides VIP and PHI share sequence 
homology with one another and with the GI hormones 
secretin, enteroglucagon, and GIP. VIP and PHI have 

similar biologic activities and are derived from the 
biosynthetic precursor VIP and PHI 
stimulation and have four 


many 
same 

are released by vagal 
important biologic actions: 3 

(1) stimulation of pancreatic fluid and bicarbonate secretion, 

(2) stimulation of salivary and intestinal fluid secretion, 

(3) increasing intestinal blood flow, and (4) relaxation of GI 
smooth muscle. This last property of VIP/PHJ is felt to be 
important in descending intestinal inhibition (along with 
somatostatin) and in sphincter relaxation. Functional tumors 
of VIP-pmducing cells produce a watery diarrhea syndrome 
(pancreatic cholera or Verner-Morrison syndrome) in humans. 
This syndrome has not yet been described in dogs or cats. 


Peptide YY 

Peptide YY is a 36-amino acid peptide with structural simi¬ 
larities to PP and to NPY. Peptide \ Y may function as a phys- 
iologic enterogastrone similar to 
pancreatic and gastric secretions. 14 


neurotensin in inhibiting 


S'Hydroxytryptamine 

5-Hydroxytryptamine (5-HT or serotonin) is found i| 

endocrine cells (i.e., enterochromaffin cells) and enteric_ 

rons throughout the gastrointestinal tract of most animal 

species, ] 14 In some species, 5-HT is also found in intestinal 

mucosal mast cells, pancreatic islet cells, and bronchial 

endocrine cells. 5-HT secreted by enterochromaffin cells may 

act through an endocrine or paracrine mechanism to stimulate 

gastrointestinal smooth muscle contraction and intestinal 

electrolyte secretion. 2 Tumors of these enterochromaffin cells 

(see Carcinoids) may be associated with hypermotility and 

secretory diarrhea because of the effects of 5-HT on motility 
and sec retio n.. 


in 


neu- 


Opioids 

Opioid neurons are distributed throughout the gastrointesti¬ 
nal tract, spinal cord, brain, and adrenal glands. Methionine- 
enkephalin, leucine-enkephalin, and dynorphin are the most 
representative members of the opioid enteric neuropeptide 
family, 3 At least three different types of binding sites for these 
opioid peptides can be distinguished in the gut (p, 5, and k) 
but there may be others (e and a). The binding sites for these 
opioids are located on other neurons, smooth muscle cells, and 
epithelial cells. Opioid binding results in (1) inhibition of 
contraction of longitudinal smooth muscle through inhibition 
of acetylcholine release from myenteric plexus neurons; 
(2) direct stimulation of circular smooth muscle contraction; 
and (3) inhibition of intestinal water and electrolyte secretion 
through inhibition of submucosal plexus neurons. These 
effects account For the potent antidiarrheal properties of 

morphine and other opiate alkaloids that have been recog¬ 
nized for centuries. 3 


Ghretin 

Ghrelin is a 28-amino acid octanoylated peptide found l____ 
abundandy in endocrine cells of the stomach, 18 ^ It stimulates 
pituitary growth hormone (GH) secretion. Ghre is the Proto- 
Indo-European root for the word "growth," and the suffix-refin 
signifies “releasing substances/' Ghrelin administration also has 
been shown to stimulate appetite, body growth, and fat depo¬ 
sition, The post-prandial gastric expression of ghrelin suggests 
a gastro in t esti n a I - hypoth al am ai c-p i tui tary axis that influences 
GH secretion, body growth, and appetite that is responsive to 


most 
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have been shown to be potent inhibitors of histamine, acetyl* 
choline, and gastrin-stimulated H + secretion. 


Bombesins 

The bombesins are so-named because of their original 
isolation from the skin of the frog genus Bombina. The mam¬ 
malian bombesins that have been identified as enteric neu- 

rop e pti d es are 
neuromedin B. GRP is released by vagal stimulation, and it 

stimulates gastrin release from antral G cells. Thus GRP acts a 

co-transmitter (along with acetylcholine) to stimulate gastrin 
release 3 ^ GRP also stimulates pancreatic acinar cell enzyme 

secretion. 35 




Somatostatin 

The endocrine and neurocrine roles of somatostatin were dis¬ 
cussed earlier in this chapter As a paracrine substance, 
somatostatin has an important role in the inhibition of gastrin 
release. Somatostatin cells in the gastric antrum have long 
cytoplasmic processes that terminate adjacent to antral G cells. 
Paracrine release of somatostatin by these somatostatin cells is 
postulated to mediate the negative feedback inhibition of 
H + on gastrin release. 21 Somatostatin released from pancre¬ 
atic islet cells (D cells) may also auto-regulate pancreatic 
insulin and glucagon secretion through a local paracrine 
mechanism. 2 2 




gastrin releasing peptide (GRP) and 




2D 






□o 




Somatostatin 

In addition to its role as a gastrointestinal hormone, somato¬ 
statin (SS-14) has been identified as an enteric neuropeptide 

throughout the gastrointestinal tract. Somatostatin 
inhibits acetylcholine release from myenteric plexus neurons 
and may be involved in the descending inhibitory reflex of 
peristalsis. 1 Somatostatin neurons in the submucous plexus 
have a mucosal projection suggesting a further role for neu¬ 
ronal somatostatin in the control of mucosal function. 

Gastrin-CCK 

CCK-8 is an important enteric neuropeptide in the ileum 
and colon, especially in the cat. Intraluminal distension 
activates CCK-8-containing neurons, which then stimulate 
the release of acetylcholine from myenteric plexus neurons. 
CCK-8 thus acts as an excitatory transmitter in stimulating 
the peristaltic reflex in ileum and colon. 13 Brain CCK-8 

are involved in mediating the satiety response fol¬ 
lowing feeding. Indeed, it has been suggested that human 
bulimia nervosa patients do not have normal satiety and 
have an impaired secretion of cholecystokinin in response to 

a meal. 20 

PancreatU Polypeptides 

A 36-amino acid peptide, NPY shares structural similarities 
with the GI hormones PP and peptide YY. Neurons that con¬ 
tain NPY decrease acetylcholine release from myenteric 
plexus neurons and hence inhibit small intestinal smooth 
muscle contraction. 1 

5-Hydroxytryptamine (5-HT or Serotonin) 

In addition to its role as an endocrine/paracrine substance of 
the gastrointestinal tract, 5-HT is also found in enteric neu¬ 
rons, where it is believed to regulate the migrating myoelec- 
trical complex and the intestinal peristaltic reflex. 1 

Paracrine Substances 

A substance may be defined as having a paracrine mechanism 
of activation if (1) the substance is found within an effector 
cell, (2) receptors for the substance exist on an adjacent 
paracrine target cell, (3) the effector cell and paracrine target 
cell are in close proximity, and (4) the substance when applied 
to the paracrine target cell evokes a biologic response. 
Histamine, somatostatin, adenosine, and prostaglandins have 
been shown to satisfy these criteria. 

Histamine 

Histamine is formed from the decarboxylation of histidine in 
mast cells found throughout the GI tract of dogs. In the dog, 
gastric mucosal histamine stores appear fully accounted for by 
mast cells, there being no evidence to indicate histamine is 
stored in endocrine cells, 6 Histamine released from mast cells 
diffuses into the interstitial milieu and is believed to bind 
parietal cell H 2 receptors to stimulate H + secretion. 6 A large 
body of evidence has accumulated in support of this idea, 
although one study suggests that the histamine effect might 
be indirectly mediated through histamine receptors on gastric 
mucosal immunocytes, 7 Regardless, H 2 receptor antagonists 


m neurons 


Prostaglandins 
Prostaglandins are 
throughout the GI tract. The role of prostaglandins as 
paracrine substances is perhaps best understood in the gastric 
mucosa, where they bind to inhibitory prostanoid receptors 
on gastric oxyntic cells. These receptors are coupled to 
inhibitory G proteins and subsequent inhibition of adenylate 
cyclase and H* secretion. 23 A "eytoprotective effect’' of 
prostaglandins, separate from the direct inhibition of acid 
inhibition, has also been implied. Gastric prostaglandins, for 
example, stimulate mucosal bicarbonate and glycoprotein 
secretion, epithelial cell renewal, and mucosal blood flow. 
These effects are all central to the barrier properties of the 
gastric mucosa. 24 Synthetic forms of prostaglandins (Cytotec, 
Searlej are now available for the therapy of gastric mucosal 
barrier disorders. 25 ' 26 27 


long chain fatty acids that are distributed 


neurons 


DISEASES OF THE GASTROINTESTINAL 
ENDOCRINE SYSTEM 


In small animals, the major syndromes of gastrointestinal 
endocrine pathology are diabetes mellitus, pancreatic islet 
cell tumors, and intestinal carcinoid. The syndromes of 
glucagonoma, gastrinoma, carcinoid, and pancreatic polypep- 

tidoma are reviewed. 

Glucagonoma 

Glucagonoma is a rare tumor of the pancreatic alpha cells in 
dogs and humans. There are no reports of this disease in the 
cat. It is characterized by a crusting skin rash, termed neerdyric: 
migratory erythema (NME) and glucose intolerance or overt 
diabetes mellitus (Figure 244-1). Increased serum glucagon 
concentrations stimulate hepatic amino acid turnover, gluco- 
neogenesis, and glycogenolysis. In dogs, it is definitively diag¬ 
nosed by immunohistochemistry of excised pancreatic tumor 

tissue. 

Signalmen! and Clinical Signs 

Eight dogs with presumptive or 
glucagonoma have been reported, 
included seven breeds, four females, and four males, and their 

ages ranged from 5 to 13 years. 

In human glucagonoma patients, NME is virtually pathog¬ 
nomonic for the disease. Although NME has been identified in 

all dogs with glucagonoma, it is more 
with liver disease. Glucose intolerance or overt diabetes mel¬ 
litus is also found in humans with glucagonoma and is caused 
by excess gluconeogenesis and glycogenolysis resulting from 
increased plasma glucagon concentrations. Other clinical signs 
in people include weight loss, anemia, diarrhea, stomatitis, and 

thromboembolic disease. 


u 


definitively diagnosed 

28-34 


These eight dogs 


commonly associated 
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the literature. In all dogs plasma glucagon concentrations were 
increased, ranging from 1,6 to 10,1 times the upper limit of 
reference ranges. It is important to note, however, that syn¬ 
dromes other than glucagonoma may be associated with 
increased plasma circulating glucagon, including acute pan¬ 
creatitis, hypercortisolism, hepatic failure, and renal failure. 
Because of the paucity of cases in the veterinary literature, 
it is difficult to determine plasma glucagon concentrations 
that are diagnostic of glucagonoma in the dog. The presence 
of concurrent disease, as noted above, should always be 
considered. 


Plasma amino acid concentrations Hypaaminoacidemia 
is often found in humans with glucagonoma and is thought to 
result From increased hepatic conversion of amino acid nitro¬ 
gen into urea nitrogen by the excess glucagon. 35 Plasma amino 
acids were measured in three of the dogs reported and were 
decreased in all three (20 of 24, 13 of 18, and 4 of 5 amino 
acids determined). Arginine, histidine, and lysine concentra¬ 
tions were consistently decreased, although it must he noted 
that complete amino acid profiles were not measured in all 


Figure 244-1 Necrolytic migratory erythema of the muzzle of 

a dog with glucagonoma, (Courtesy William H. Miller, Jr) 


Dogs with glucagonoma had 3-week to 16-month histories 
of crusting dermatologic lesions with or without ulceration or 
erosion at the time of presentation. Footpad lesions were pre¬ 
sent in all dogs with other affected sites including the elbows, 
hocks, nose, mucocutaneous junctions of the mouth or eyes, 
prepuce, vulva, scrotum, flank, ventral abdomen, and distal 
extremities. One dog also had oral ulcerations. Other clinical 
signs or physical exam findings at the time of initial presenta¬ 
tion included lethargy, weight loss, decreased appetite, muscle 
atrophy, and peripheral lymph adenopathy. One dog also had 
palpable hepatomegaly. 

Laboratory and Imaging Findings 

Laboratory abnormalities included hyperglycemia (five dogs), 
non regenerative anemia (three dogs), mild to moderately 
increased ALT activity (four dogs), mild to moderately 
increased ALP activity (three dogs), decreased albumin (two 
dogs), decreased globulin (one dog), decreased BUN (two dogs), 
decreased cholesterol (one dog), and glucosuria (two dogs). 
Liver function tests, including serum bile acid measurements 
(six dogs) and ammonia tolerance test (one dog), were 
normal. One dog had an ACTH stimulation test supportive 

of byperadrenocorticism. 

One or more imaging studies were performed in all dogs. 
Abdominal radiographs were unremarkable in all dogs. 
Abdominal ultrasound was normal in three dogs but revealed 
liver lesions in four dogs and a possible pancreatic mass in one 
dog. Liver abnormalities on ultrasound included a small liver 
with increased echogenicity of the portal and hepatic vein 
walls, diffuse hyperechogemcity, multiple small hypoechoic 
foci, and a single well-defined hyperechoic area. A mass in the 
left pancreatic limb was visualized by computed tomography 
in one case. 


Pathology 


Most glucagon secreting tumors in people occur singly and are 
quite large (5 to 10 cm] at the time of diagnosis. Up to 82% 
are metastatic. In dogs, the diagnosis of glucagonoma has 
relied on demonstration of a primary pancreatic or metastatic 
tumor that stains positively for glucagon immunoreactivity. 
Pancreatic tumors were found in seven of the eight dogs 
reported. In one animal, serial sections of the pancreas failed 
to reveal neoplasia; diagnosis was instead based on positive 
glucagon immunoreactivity of metastatic tissue in the liver in 
conjunction with hyperglucagonemia. Location of pancreatic 
tumors included the right lobe (three dogs), left lobe (two 
dogs), body (one dog). As in the human, metastasis of 
glucagonoma is common in dogs and occurred in five of the 
eight cases. The liver was the most frequently affected site 
(four of the eight dogs) with one dog showing metastasis to a 
regional lymph node. Lymph node or liver tissue was not 
obtained in all cases so that the rate of metastasis may be 
higher than reported. 

Glucagon immunohistochemical staining was performed 
on primary pancreatic and/or metastatic Tumors, In most 
cases, tissue sections were also stained for immunoreactivity 
to somatostatin, gastrin islet amyloid polypeptide, insulin, 
pancreatic polypeptide, and/or synaptophysin, a marker for 
neuroendocrine cells 36 In accordance with diagnostic criteria, 
all primary and metastatic tumors stained positively for 
glucagon immunoreactivity. In five dogs, primary tumor or 
metastatic tissue stained positively for one or more of above 
listed peptides. In some cases, metastatic tissue had different 
immunoreactivity than the primary tumor. 


Therapy 

Surgical resection or debulking is the treatment of choice for 
glucagonoma. In people removal of the glucagon-secreting 
tumor resolves the skin rash and other clinical signs. In the 
dogs with glucagonoma, four had surgical resection of the 
pancreatic mass. Two of these animals were euthanized 3 days 
after surgery because of presumed acute pancreatitis. One dog 
with metastatic disease of a mesenteric lymph node had sur¬ 
gical resection of both the lymph node and pancreatic mass. 
Glucagon concentrations decreased into the reference range 
the day following surgery and remained normal for 3 months. 
Plasma amino acid concentrations also increased within 
30 days, and cutaneous lesions resolved within 45 days of 
surgery. Nine months after surgery, the dog was euthanized 
due to the development of new skin lesions, A second dog 


Diagnos is 

Diagnosis in people is confirmed by demonstration of 
increased plasma glucagon concentrations and a pancreatic 
islet cell tumor that shows positive immunoreactivity for 
glucagon. 

Glucagon measurement Demonstration of increased 
circulating glucagon concentrations is important to establish 
the hypersecretion of glucagon by the tumor cells and to 
associate clinical signs with excess hormone secretion. Plasma 
glucagon concentrations of more than 1000 ng/L are consid¬ 
ered diagnostic of the disease in people. Plasma glucagon con¬ 
centrations were measured in six of the eight dogs reported in 
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females may be at slightly greater risk The most frequent 
clinical signs have been vomiting and weight loss. Depression, 
lethargy, anorexia, and intermittent diarrhea are also coon¬ 
ly reported. Less frequent clinical signs include melena, 
abdominal pain, polydipsia, hematemesis, hematochezia, and 

Physical examination findings are often nan- 
remarkable in the early stages of the disease. However, 
abdominal pain, fever, tachycardia, pale mucous membranes, 
and dehydration may occur in extremely sick animals 
a result of severe gastrointestinal ulceration or perforation. 
A palpable abdominal mass was reported in one cat. 

Clinical signs result from gastrin-induced gastric acid hyper¬ 
secretion and gastric mucosal hyperplasia. Hypersecretion 
and hyperplasia may result in gastric ulceration and gastric 
outflow obstruction. Gastroesophageal acid reflux may cause 
severe esophagitis and/or ulceration. Diarrhea and steatorrhea 
caused by the large amount of acidic fluid entering the 
duodenum and jejunum and by the increased circulating 
concentrations of gastrin that reduce intestinal water and ion 

absorption. 


with metastasis to the liver had mild improvement of skin 
lesions following surgical resection ol the pancreatic mass. 
Plasma glucagon concentrations, however, remained increased 
10 days following surgery, but the dog was w'ell 4 months post 

surgery ! i j. r 

Medical therapy should be considered as an adjunct tor 

or for palliative 
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surgical resection in dogs with metastasis 
therapy if surgery is not performed. Long-acting somatostatin 
analogues such as octreotide have been used to control plasma 
glucagon concentrations and clinical signs in humans, In one 
report, somatostatin was administered at a dosage of 6 ^Lg/kg 
subcutaneously every 8 hours to a dog with metastatic disease, 
and marked improvement in skin lesions was reported within 
14 days, 37 The treatment was not continued due to expense, 
and the dog was euthanized. Chemotherapeutic agents such 
streptozotocin with 5-fluorouracil and dacarbazine have 
been somewhat successful in human treatment 38 Intravenous 

amino acid therapy has also been helpful in some humans for 
the dermatologic abnormalities. There are no data on use of 

these agents in dogs. 

Humans with glucagonoma often have concurrent diabetes 
mellitus. Some can be controlled by diet or oral hypoglycemic 
agents; however, many require insulin therapy. 39 Five of the 
eight dogs with glucagonoma had mild to moderate hyper¬ 
glycemia with or without glucosuria. Two of these dogs were 
treated with insulin, one of which no longer required insulin 
10 days after treatment was instituted. No long-term use of 
insulin in dogs with glucagonoma has been reported. 
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Laboratory Findings 

The CBC may reveal a regenerative anemia presumably due to 
gastrointestinal bleeding. Gastrointestinal inflammation may 
elicit a leukocytosis and neutrophilia with or without a left 
shift. One dog with concurrent myelofibrosis had a nonregen- 
erative anemia. Biochemical abnormalities include hypoalbu- 
minemia, hypoproteinemia, hypokalemia, hypochloremia, 
hyponatremia, metabolic alkalosis, hyperbilirubinemia, and 
mild increases in serum liver enzyme activities. Hypoalbu- 
minemia and hypoproteinemia are due to loss of protein 
through an ulcerated gastrointestinal mucosa. Persistent 
iting in dogs and cats with gastrinoma results in hypokalemia 
hyponatremia, hypochloremia, and metabolic alkalosis. 
Diarrhea and reduced food intake could also contribute to 
the hypokalemia, Hyper-and hypoglycemia have also been 
infrequently reported and may be due to concurrent hyper¬ 
secretion of corticotropin or insulin, respectively; in one dog 
with hyperglycemia, extracts of the islet tumor revealed 
adrenocorticotropic hormone in addition to gastrin. Increases 

liver enzyme activities and bilirubin may reflect 
tumor metastasis to the liver that is commonly found in these 


Prognos is 

Because dogs have had metastatic disease at the time of diag¬ 
nosis, prognosis is poor. Moreover, surgical outcome appears to 
be further complicated by the occurrence of pancreatitis. 
NME (also referred to as superficial necrolytic dermatitis , 
hepa tocu la neons syndrome, and metabolic epidermal necrosis) 
is found more commonly in dogs with hepatic disease; 

glucagonoma accounts for less than 10% of the cases of NME. 
Therefore it is essential to assess liver function in dogs with 
NME so that a precise etiology may be determined and treat¬ 
ment options and prognosis correctly presented. Serum liver 
enzyme activities were abnormal in most dogs with 
glucagonoma; however, liver function tests were normal in all 

dogs tested. 

Abdominal radiography and ultrasonography were found to 
he'poor methods for detecting canine pancreatic glucagonoma. 
Computed tomography successfully identified the pancreatic 
glucagonoma in one dog and may prove more useful in the 
diagnosis of this disease. As clinical awareness and diagnostic 
testing improve, our understanding of the disease and treat¬ 
ment outcomes will undoubtedly improve as well. 

Gastrinoma 

In 1955 Zollinger and Ellison described a syndrome in people 
of gastric acid hypersecretion, severe peptic ulceration, and 
pancreatic islet cell tumor that was eponymously termed 
the Zollinger-Ellison syndrome. These islet cell tumors were 
subsequently demonstrated to secrete excessive amounts of 
gastrin and are now more appropriately called gtfjfrinomas. 
Clinical signs result from excess plasma gastrin concentrations 
causing gastric acid hypersecretion. Hypergastrinemia and 
gastric hyperacidity result in gastrointestinal inflamma¬ 
tion and ulceration, maldigestion, and hypertrophy of gastric 

mucosa. 

Signaltnent and Clinical Signs 

Gastrinomas are uncommon and have been reported in 30 
dogs and in three cats. 40 ' 53 They occur in middle-aged dogs 
(average age 8.2 years; range 3.5 to 12 years]. Cats ranged in 
age from 10 to 12 years. No breed predilection is noted, and 
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Imaging Findings 

Survey abdominal radiographs are usually unremarkable 
they may reveal loss of abdominal detail and/or ascites with 
gastrointestinal perforation. Contrast-enhanced radiographic 
studies may show evidence of gastroduodenal ulceration, 
prominent gastric rugal folds, thickened pyloric antrum, com¬ 
plete pyloric obstruction, or rapid small bowel transit time. 
Abdominal ultrasound may reveal gastric ulcer thickened 
gastric wall or pylorus, or evidence of metastasis in the liver or 
regional lymph nodes. Gastrinomas are generally small in size 
and difficult to directly visualize by abdominal ultrasonogra¬ 
phy. Wider use of other imaging modalities such as endoscopic 
ultrasound, magnetic resonance imaging, and computed 
tomography undoubtedly increase diagnostic sensitivity; 54 ^ 
however, no studies have been reported using these tech¬ 
niques on animals. 


or 


Endoscopic Findings 

Endoscopy was performed on half of the dogs reported. 
Abnormalities noted were esophageal inflammation or ulcer¬ 
ation, thickened gastric rugae, gastric ulceration or hemor¬ 
rhage, excessive fluid in the stomach, hypertrophied pyloric 
antrum, and duodenal ulceration. Histological examination <>i 
endoscopic ally derived biopsy samples of thickened gastric 

mural lesions maybe relatively normal. In this case 


mucosa or 
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surgically obtained, Rill-thickness biopsy samples should be 
considered. 


gastrinoma dogs had a twofold increase in serum gastrin con¬ 
centration in response to calcium infusion. Such 

supports a diagnosis of gastrinoma in humans. The dog with 
pancreatic polypeptidoma, had normal serum gastrin concen¬ 
trations after calcium infrision. Because of the dangers of 

intravenous calcium infusion, this test should be used with 
caution. 


an increase 


Diagnosis 

Clinical tests to support a diagnosis of gastrinoma indude 
measurement of basal gastric acid secretion and serum gastrin 
concentration, provocative tests such as secretin and calcium 
stimulation, and somatostatin receptor scintigraphy. Demon¬ 
stration of appropriate histopathological and immuno- 
histochemical evidence from excised pancreatic tumor or 
metastatic tissue is necessary to confirm the diagnosis. 


Pathology? 

A definitive diagnosis of gastrinoma requires the findings of 
hypergastrinemia, histopathologic evidence of pancreatic islet 
cell neoplasia, and irnmunohistochemica] evidence of gastrin 
in neoplastic islet cells. The presence of hormones in 
endocrine tumor tissue alone does not necessarily guarantee 
their excessive secretion into the circulation. In dogs, gastrin- 
secreting tumors have been reported most frequently in the 
right lobe and body of the pancreas. Most animals had solitary 
nodules, but multiple masses have been reported. At the time 
of diagnosis, the gastrinoma had metastasized in 85% of cases, 
usually to the liver. Other metastatic sites included, spleen, 
lymph nodes, mesentery, omentum, peritoneum, and serosal 
surfaces of the duodenum and jejunum. The presence of gas¬ 
trin in the tumors can be documented by immunohistochem- 
istry or by radioimmunoassay of extracts from tumor tissue. 
Ultrastructural studies to detect unique intracytoplasmic 
granules can also be used to confirm gastrinoma; however, this 
requires electron microscopic techniques that may be cost 
prohibitive. Other pathological findings of dogs and cats with 
gastrinoma included perforating and non perforating ulcera¬ 
tion [95% of cases) of the esophagus, stomach, duodenum, 
and jejunum. Gastric hypertrophy, thyroid C-cell hyperplasia, 

thyroid follicular cell carcinoma, and adrenal hyperplasia have 
also been reported. 

Therapy 

Treatment of gastrinoma is directed toward surgical resection 
or reduction of the gastrinoma and/or metastases and medical 
control of gastrin secretion from the tumor cells. Adjunct med¬ 
ical therapy includes treatment of gastric acid hypersecretion, 
gastrointestinal ulceration, and fluid and electrolyte losses. 57 


Basel gastric acid secretion This test is commonly per¬ 
formed in humans and is abnormally increased in more than 
80% of humans with gastrinoma. 3856 This test has been 
performed in four dogs with gastrinoma. Gastric pH was low 

(pH = 0 .99, 1.0, 1,0, 1.5) in all four dogs and was correlated 

with increased basal acid secretion i 

Basal serum gastrin concentration This is considered the 
best screening test for gastrinoma in humans and is abnormal 
in more than 98% of those with gastrinoma. Jn dogs and 
with histologic evidence of gastrinoma, measured basal 
gastrin concentrations have been greater than three times the 
highest value in the reference range. However, other disease 
syndromes may be associated with increased basal 
gastrin concentrations including renal failure, gastric outflow 
obstruction, chronic gastritis, liver disease, and drugs that 
remove the negative feedback inhibition of acid 
secretion, including antacids, H 2 receptor blockers, proton 
pump inhibitors, and glucocorticoids. Therefore this test 
cannot be relied upon as a sole diagnostic test, even if these 
other conditions can be ruled out. In humans with gastrinoma, 
basal serum gastrin concentrations more than 1000 ng/L 
combined with gastric pH less than 2.5 is diagnostic for 
gastrinoma without further testing. Due to the paucity of 
cases in the veterinary literature, basal serum gastrin concen¬ 
trations diagnostic for gastrinoma (versus other diseases 
drug therapy) have not yet been established. 

Secretin stimulation The preferred provocative test 
diagnose gastrinoma in people is secretin stimulation. Secretin 
will stimulate gastrin secretion in patients with gastrinoma 
but not in healthy people. This test has been performed in 
three dogs with gastrinoma and one dog with pancreatic 
polypeptidoma, and therefore data regarding testing proce¬ 
dure and interpretation is limited. In dogs, serum samples 

should be collected before and 2, 5, 10, and 30 minutes fol¬ 
lowing intravenous administration of 2 to 4 U/kg of secretin, 
The 2- and 5- minute samples are thought to be the most 
diagnostic. In humans a twofold or greater increase in serum 
gastrin following secretin administration is diagnostic for 
gastrinoma. In those animals that have been tested, two dogs 
had a greater than twofold increase in gastrin and one dog had 
a 1.4-fold increase within 5 minutes of secretin administra¬ 
tion, One dog diagnosed with pancreatic polypeptidoma had 
a transient fasting hypergastrinemia, but 
secretin stimulation. 


two of the dogs. 
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Treatment directed at tumor cells Surgical resection of 
gastrinomas can prove challenging since the primary tumors 
are small and difficult to localize. Tumor localization with 
imaging modalities such as endoscopic ultrasound, computed 
tomography, or magnetic resonance imaging are usually more 
sensitive than abdominal ultrasound and are used more 
successfully in humans. Somatostatin receptor scintigraphy, 
using a somatostatin analogues (eg., 1], Indium octreotide or 
pentetreotide) to detect somatostatin receptors present 

gastrinoma cells is a sensitive test used to localize tumors and 
metastases in people. Positive receptor binding can also 
predict successful medical treatment of gastrinoma with 
somatostatin analogues. This technique has been reported in 
one dog in which 2 mCi of the octreotide analogue was used 
and images successfully generated by gamma camera imag¬ 
ing.^ Careful digital palpation of the pancreas, liver, and 
surrounding areas should be performed if the tumor cannot 
be visualized at surgery; intraoperative pancreatic ultrasound 
may be beneficial. The pancreas should be handled carefully 
and pancreatic blood flow should be preserved to avoid post¬ 
operative pancreatitis. Because metastasis is common at the 
time of surgery, the liver, lymph nodes, spleen, duodenum, 
mesentery, and omentum should be inspected and biopsied 
appropriate. Metastatic foci should also be resected, as possi¬ 
ble, since this can provide palliation for the patient. As these 

tumors are slow growing, debulking may provide relief from 
clinical signs. 
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Calcium stimulation Similar to secretin, calcium infusion 
stimulates an increase in serum gastrin concentrations in 
humans with gastrinoma, whereas serum gastrin concentra¬ 
tions are unchanged unaffected individuals. This test has 
been used in two dogs with gastrinoma and one dog with 

pancreatic polypeptidoma. Calcium i 
intravenous bolus of 2 mg/kg over 1 minute. Serum samples 
are collected before and 15, 30, 60, 90, and 3 20 minutes 
after calcium administration. Using this protocol, both of the 
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Following pancreatic resection or manipulation, the animal 
should be managed as if it had acute pancreatitis, with fluid 
support, extensive monitoring, and restriction of food or 
water by mouth. Administration of octreotide, a somatostatin 
analogue, pre- and post-operatively has been suggested to 
decrease pancreatic gastrin and gastric acid secretion. 53 

Somatostatin analogues Somatostatin inhibits gastrin 
and hydrogen ion secretion in gastrinomas and in gastric 
parietal cells, A long-acting somatostatin analogue, octreotide, 
has been used in two dogs with gastrinoma. Doses started 
2 pg/kg twice per day and were increased to 10 to 
20 pg/kg three times per day. The dogs were maintained 
this therapy for 10 to 14 months. One dog relapsed after 
the medication was discontinued. The other dog showed 
marked response to treatment after the dosing was increased 
to three times per day. At necropsy, one dog showed marked 

of tumor growth and metastasis. Unfortunately, the 
expense of this drug may limit its use. Successful treatment of 
gastrinoma with chemotherapeutic drugs has not been 

reported. 


Drug Index 

Histamine (Hi) Receptor Antagonists 

Cimetidine (Tagamet-SmlthKline Beech am), 2 to 4 mg/lb 

(5 to 10 mg/kg) PO, SQ, IV q6h or qSh 
Ranitidine (Zantac-Glaxo), 0.5 to 1.0 mg/lb (1 to 2 mg/kg) 
PO.SQJVqSh or q12h 

Famotidine (Pepcid-Johnson & Johnson, Merck Consumer), 

0.1 to 0,5/mg/kg PC, IV q12h 
Nizatidine (Axid-Eli Lilly), 1.0 to 3.0 mg/kg SQ, 1M, IV qSh 

H + , K + *ATPase Inhibitors 

Omeprazole (Losec-MerckShorp St Dohme) 0.35 mg/lb 
(0,7 mg/kg) PO q24h 

Diffusion Barriers 

Sucralfate (Carafate-Marion), 1 g qSh for large dogs 0.5 g qSh 
for smaller dogs 0.25 to 0.5 g qSh to q12h for cats 

Synthetic Prostaglandins 

Misoprostol (Cytotec-SearIe)„ 2 to 5 pg/kg PO q8-12 h 

Somostatin Analogs 

Octreotide (Sandostatin-Novartis), 2 to 8 pg/kg SC q8-12h 
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Adjunct medical therapy 

Gastric hyperacidity As gastrinomas are slow growing, 
medical therapy to control the major clinical signs of gastric 
hyperacidity and gastrointestinal ulceration may provide sig¬ 
nificant palliation for dogs and cats. 57 Because of the high rate 
of metastasis, gastrin secretion in most animals remain 
increased after surgery, and these dogs and cats suffer from 
continuing gastric hyperacidity. Adjunct therapy should be 
started immediately to prevent the development of perforat¬ 
ing ulcers. The most common agents used to control gastric 
hyperacidity in veterinary medicine are the H 2 receptor antag¬ 
onists such as cimetidine (Tagamet), ranitidine (Zantac), 
famotidine (Pepcid), and nizatidine (Axid). See Box 244-1 for 
dosages and dosing intervals. They are potent inhibitors of 
secretion in dogs and cats. Success with cimetidine therapy 
has been reported in several dogs and one cat with gastri- 

It has been suggested that animals unresponsive to 
standard doses of gastric acid secretory inhibitors may respond 
to higher doses and/or dual agent therapy. 

Omeprazole (Prilosec) is 

H\K + -ATPase and reduces gastric acid secretion with a long 
duration of action in normal dogs. 57 Two dogs with gastrinoma 
have been successfully treated with omeprazole. In one case, 
prazole controlled gastrointestinal signs that were unre¬ 
sponsive to treatment with cimetidine and sucralfate. This dog 
remained asymptomatic for more than 2 years. Omeprazole 

be the better choice for control of gastric hyperacidity 


Prognosis 

Long-term prognosis in dogs and cats with gastrinomas is 
grave since metastatic disease is present in 85% at the time of 
surgery. In animals that undement surgery and medical man¬ 
agement, survival times ranged from 1 week to 18 months. 
The prognosis is likely to improve with increased awareness 
and diagnostic techniques for tumor localization. The avail¬ 
ability and affordability of anti-secretory drugs and therapies 
reduce gastric hyperacidity and promote ulcer healing will 
also promote longevity in animals with gastrinoma. 

Intestinal Carcinoid 

Intestinal carcinoid is a rare tumor arising from enterochro- 
maffin cells that can be found in the tracheobronchial epithe¬ 
lium, pancreatic ducts, biliary tree, genitourinary tract, 
stomach, and intestine. In people they are classified according 
to their location and ability to secrete vasoactive amines. 
People with carcinoid tumors can develop carcinoid syndrome 
that manifests as facial flushing, abdominal cramping, 
bronchoconstriction, and diarrhea. Clinical signs are related to 
the excessive secretion of 5 - h y droxy try p tam ine (serotonin) 

from the neoplastic enterochromaffin cells. 

Carcinoid tumors have been described in 25 dogs and 
four cats. In dogs this tumor has been found in the liver (15), 
stomach (1), duodenum (2), cecum (1), ileocecal junction 
(1), colon (2), rectum (2) and gall bladder (1). 5§_&4 In cats they 
have been localized to the stomach, pancreas, intestine, and 
liver.^ 6S Metastasis was common at the time of diagnosis 
with sites including liver, lymph nodes, lung, spleen, adrenal 
glands, and mesentery. A functional carcinoid syndrome as 
ported in humans has not been recognized in cats and dogs. 
Most animals had clinical signs relating to structural effects of 
the tumor or generalized disease related to neoplasia. The 
most common clinical signs were anorexia, vomiting, weight 
loss, and gastrointestinal bleeding. Diarrhea was less common. 
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either in place of or in addition to H 2 receptor antagonists but 
it should be emphasized that there is no evidence-based 
medicine in support of either drug classification. 

Gajrroin resting ulceration Treatment of gastrointestinal 
ulceration includes surgical resection and control of gastric 
hyperacidity as discussed. The use of diffusion barriers and 
cytoprotective agents is discussed here. Dosages and dosing 
regimes are presented in the Drug Index (see Box 244-1). 

Sucralfate (Carafate) is an example of a diffusion barrier 
used to promote ulcer healing. It is a complex of sulfated 

and aluminum hydroxide that reacts with gastric acid 
and binds to necrotic tissue proteins. Misoprostol (Cytotec) is 
a 16,16-dimethylated synthetic prostaglandin that has cyto¬ 
protective properties in addition to its direct acid-inhibitory 
effect. Synthetic prostaglandins may be useful in restoring the 
protective properties of the gastric mucosal barrier in ulcer 
patients, although the beneficial effects of this classification 
of agents have not yet been unequivocally established 
evidence-based medicine type studies. 57 
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In veterinary medicine, diagnosis is confirmed by 

histopathologic and ultras true tural examination of the 

tumors. Diagnosis in people relies on several factors including 

measurement of plasma and urinary serotonin levels or its 

metabolites. Such tests have not been reported in veterinary 

patients. Most animals were diagnosed upon postmortem 

examination. Surgical resection was successful in a recent case 

report in a cat that remained disease free for 4 months before 

succumbing to an unrelated disease. Although these tumors 

are slow' growing, metastasis is common at diagnosis; therefore 
prognosis is guarded. 


do n ot display a ch ara cteristic clinical syndrome; h owe ver, 
tory diarrhea and a macular rash may be associated with 
pancreatic polypeptide secretion from poly pep tidomas. There 
has been one report in the veterinary literature implicating 
pancreatic polypeptidoma in clinical disease. 60 

a 7-year-old FS cocker spaniel had chronic 
vomiting, hypertrophic gastritis, duodenal ulceration, and 
pancreatic adenocarcinoma with hepatic metastasis. Plasma 
PP concentrations were extremely high in this dog. Neoplastic 
tissues obtained at necropsy revealed positive immunohisto- 
chemical staining for pancreatic polypeptide and insulin while 
there was no staining for gastrin, glucagon, or somatostatin. 
Clinical signs were thought to be due to high plasma PP 
concentrations since PP decreases pancreatic bicarbonate 
secretion and mildly increases gastric acid secretion. However, 
plasma PP may also be elevated in humans with other diseases 
including inflammatory diseases, renal failure, and laxative 

abuse; therefore further case reports are needed to characterize 
this syndrome. 


In this case 


Pancreatic Polypeptidoma 

Pancreatic polypeptide is commonly found by immunohisto- 
chemical staining in human and canine pancreatic endocrine 
tumors that secrete other enteric hormones such as gastrin, 
glucagon, or insulin. The significance of its presence in these cells 
is unknown, and increased plasma pancreatic peptid 

trations have been documented rarely in humans. These patients 
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Pheochromocytoma 


Eiizobeth McNiel 
Brian D. Husbands 


heochromocytoma is a rare tumor that arises from the 
chromaffin cells of the adrenal medulla. Unlike the 
steroidogenic cells of the adrenal cortex, which 
derived from mesoderm, chromaffin cells are embryologically 
derived from the neural crest as a part of the sympathetic 
autonomic nervous system. 1 The adrenal medulla is essentially 
a modified sympathetic ganglion that lacks postganglionic 
processes. In the fetus, chromaffin cells are widely distributed 
and form paraganglia. With the exception of the adrenal 
medulla, the paraganglia involute at birth. 1 Tumors arising 
from remnant paraganglia in adult animals are referred to 
paragangliomas or extra-adrenal pheochromocytomas. 


P 


tyrosine hydroxylase. This hydroxylation reaction is the rate 
limiting step in the pathway and is subject to negative feed¬ 
back regulation by norepinephrine, 1 In dogs and humans the 
end product of catecholamine synthesis in the adrenal 
medulla is predominantly epinephrine, whereas in the cat it is 
norepinephrine 4 Pheochromocytomas may produce any of 
the catecholamines or other physiologically active peptides. 

The half-life of catecholamines in circulation is short 
(minutes]. Two enzymes mediate the catabolism: cate* 
c ho I a mi ne-O-methyltransferase (COMT) and monoamine 
oxidase (MAO]T* The sequential action of COMT and 
MAO on catecholamines results in the production of the 
predominant metabolite, vanillylmandelie acid (VMA) 1 
(Figure 245-2], Catecholamines and metabolites are excreted 

in the urine. 

The normal adrenal gland is regulated through a combina¬ 
tion of sympathetic innervation and circulating hormones. 3 
There is an intricate regulatory connection between the 
adrenal cortex and medulla. Whereas the peptide products of 
the adrenal medulla influence steroidogenesis in cortical cells, 
the steroid hormones influence both differentiation and 
catecholamine production in the medullary chromaffin cells. 3 
One of the hallmarks of neoplastic transformation is the loss 
of regulatory control, particularly those involved with growth 
and cell death. For endocrine tumors, such 
mocytoma, deregulation may also include loss of normal 
physiologic control of hormone production and 
Thus pheochromocytomas are often associated with increased 

or other physiologically 
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Consistent with the role of the adrenal medulla 
sympathetic ganglion, chromaffin cells are capable of pro¬ 
ducing, storing, and secreting a variety of neurotrans¬ 
mitters and neuropeptides. 2 Catecholamines are the primary 
secretary product of the adrenal medullary cells, however. 
Catecholamines, along with other products including ATP and 
ehromagranin, are stored within cytoplasmic vesicles in the 
chromaffin cells. When the chromaffin cells are stimulated, 
vesicles are transported to the cell membrane and the 
tents are expelled via exocytosis. 3 

Catecholamines are synthesized from the amino acid 
tyrosine through 


as a 


pheochro- 


con- 


as 


secretion. 


series of enzyme modifications (Figure 
245-1], The first step in catecholamine synthesis involves the 
conversion of L-tyrosine to L-DOPA through the action of 


levels of circulating catecholamines 
active products. 
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of catecholamines to their receptors initiates cellular increases 
or decreases in second messengers, which, in turn propagate 
cellular signaling and affect the cellular response. 
Epinephrine and norepinephrine have approximately equal 
affinity for the al, aZ, pi receptors, hut epinephrine has higher 

affinity for p2 receptors. 13 


NH 


2 


Tyrosine 


COOH 


3 


Tyrosine hydroxylase* 






NH a 


Dihydroxyphenyalanine (DOPA) 


COOH 




ETIOLOGY 


genetic disease in that inherited and acquired 

mutations drive the transformation of a normal cell to a tumor 

cell. 6 7 The cause of genetic mutations in most cancers is not 

understood and pheochromocytoma is no exception. Roughly 

considered heredi- 


m 


Cancer is a 


DOPA decarboxylase 


CD 


Dopamine 


10% of human pheochromocytomas are 
tary, the rest, sporadic. Pheochromocytoma may be a feature 
of a number of distinct hereditary syndromes including 

multiple endocrine neoplasia type 2 (MEN-2), von Hippel- 
Lindau disease (VHL), and neurofibromatosis type I s 9 (Table 
245-2). Additional hereditary forms of pheochromocytoma 
distinct from these syndromes. Some of the genes that 
predispose tumor development in the various hereditary dis¬ 
orders have been characterized 8 ' 9 [see Table 245-2). These 
genes do not appear to play a role in the development of most 
poradic pheochromocytoma. A number of chromosomal loci 
consistently mutated in sporadic pheochromocytoma, 
which suggests that these regions contain genes important for 

pheochromocytoma carcinogenesis. 

The role of genetic factors, hereditary or acquired, has 

not been evaluated in canine or feline pheochromocytoma. 
Many canine cancers do have a hereditary basis, however. 
There are reports of dogs with multiple endocrine tumors 
including a dog with a syndrome similar to MEN-2. 10 * 11 In 
addition, a large proportion of dogs diagnosed with pheochro¬ 
mocytoma also have another malignancy, some of these in 
endocrine tissue. In a search of the Veterinary Medicine 
Database (VMDB), which contains medical record data 
abstracted from 26 North American veterinary colleges, the 


J: JL Dopamine- p-hy dr oxy la se 
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Norepinephrine 
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are 


N< 
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Figure 245-1 Catecholamine synthesis. ’Tyrosine hydroxylase 

is the rate limiting enzyme and is subject to negative feedback 
control by norepinephrine. 


The action of catecholamines is mediated by specific 
G protein coupled cell surface receptors 3 (Table 245-1). The 
receptors are subdivided into ct and p types, which include the 
subtypes al, a2, pi, P2, and the less prevalent p3.The binding 


Catechol-O- 

methytransferase (COMT) 


Metanephrine 


Epinephrine 


Monoamine oxidase 

(MAO) 


MAO 


Van illy mande lie add 
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Dihydroxymandelic acid 


MAO 


MAO 


Normetanephrine 


COMT 


Norepinephrine 


Figure 245-2 Catabolism of catecholamines. COMT, c a tec ho] amine-O-m ethyl transferase; 
MAO, monoamine oxidase. Shaded boxes indicate an enzymatic step. 
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Table 


245-1 


The Biochemical C haracteristics and Physiologic Effects of Catecholamine Receptors 

RECEPTOR TYRE 

Biochemistry 

Receptor affinity 
G-protein subtype 
Second messenger 

Physiologic Effects 

Ocular 

Cardiovascular 
Heart 


al 


ct2 


PI 


P2 


Epi > Nor 


Epi > Nor 


Epi = Nor 


Epi>> Nor G s 




G, 


G s 


C s 


T )PB, DAG 


icAMP 


TcAMP 


TcAMP 


Mydriasis 


Increase heart rate, 
contractility, 
conduction 
velocity 


Arterioles 

Veins 

Respiratory 

Bronchial smooth muscle 

Gastrointestinal 

Motility 

Spincters 

Liver 

Pancreatic acini 


Constriction 

Constriction 


Dilatation 

Dilatation, relaxation 


Relaxation 


Decrease 

Contraction 

Glycogenolysis 

Decrease 

secretion 


Decrea se 
Contraction 

Glycogenolysis 


Decrease 


Glycogenolysis 


Adipose 


Lipo lysis 


ENDOCRINE EFFECTS 


ALPHA 


BETA 

Decreosed aldosterone secretion (Both alpha and beta) 

Increased glucagon 
Increased somatostatin 


Adrenal cortex 
Pancreas 
Alpha cell 
Beta cell 
□ cell 
PP cell 

Gastric antrum 
Kidney 
Parathyroid 
Ovary 

Testis 


Decreased insulin 


Increased pancreatic polypeptide 


Increased gastrin 

Increased renin and erythropoietin 
Increased parathyroid hormone 
Increased progesterone 
Increased testoterone 


diagnosis of pheochromocytoma was recorded for only 0,05% 

of canine patients evaluated between 1990 and 2002. 

In the 277 dogs with pheochromocytoma identified in the 

VMDB, 129 (46%} were diagnosed with other tumors. This 

finding is consistent with previous reports 4 ,2 The presence of 

multiple tumors in an individual is suggestive of hereditary 
predisposition. 

Fifty-five different breeds were represented among the 277 
cases of canine pheochromocytoma in the VMDB. Chi-square 
analysis comparing the frequency of pheochromocytoma in 
specific breeds to the frequency of pheochromocytoma in all 
dogs in the VMDB database revealed significantly increased 
relative risk of this tumor in seven different breeds of dogs 

(Table 245-3), Breed predisposition is suggestive of hereditary 

predisposition, but study of pedigrees is required to confirm 
this suspicion and to determine the mode of inheritance. 


CLINICAL PRESENTATION 


The average age of dogs diagnosed with pheochromocytc_v__ 
is 10 to 11 years, with a range of 1 to 18 years. 4 Reports 
indicate that this is a disease of aged cats. No gender predilec¬ 
tion is apparent in either speciesT 4 ' 16 Although certain breeds 
may be predisposed to pheochromocytoma, any breed can be 
affected, including mixed breed dogs. 

The clinical signs iir dogs with pheochromocytomas are 
complicated by the high frequency of concurrent illnesses, 
including hyperadrenocorticism, diabetes mellitus, renal fail- 

and hepatic disease, 4 In humans with pheochromocy¬ 
toma, the most common complaints include headache, 
palpitations, and sweating, which are not readily detectable in 
dogs and cats. In addition, roughly half of the pheochromocy¬ 
tomas diagnosed in dogs are incidental. 


o m a 


ure, 
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Table 245-2 


Familial and Sporadic Pheochromocytoma in Humans 9 22 * 2 




FREQUENCY OF 

PEOCHROMOC YTO M A 




GENES INVOLVED 


CLINICAL CHARACTERISTICS 




RET 


20% to 40% 


Bilateral medullary thyroid carcinoma; 

Parathyroid hyperplasia; 

Bilateral medullary thyroid carcinoma. 

Phenotypic abnormalities: 

Bony abnormalities, mucosal neuromas, 
marfanoid habitus, bumpy lips 
Bilateral renal carcinomas and renal cysts; 
other tumors 

Cafe-au-lait spots of the skin. Neurofibromas, 
Hamartomas of the iris, macrocephaly, 
bone dysplasia, learning disability, seizures, 
CNS tumors, other malignant tumors such as 
neurofibrosarcomas and leukemia 
Older than with hereditary syndromes; 

Unilateral di sease _ 

MEN, Multiple endocrine neoplasia; 1HL, von Hippel-Lindau disease; 




MEN-2A 


JO 


RET 


60% 


MEN-2B 




VHL 


18% to 2 5% 


VHL 


NF-1 


1 % 


NF-1 


P53, RB, Others? 


100% 


Sporadic 


NF-i t Nuerofibromatosis type 1, Sporadic, Nonhereditary. 


DIAGNOSTIC EVALUATION 


The most common clinical signs in dogs with pheochro¬ 
mocytoma, in the absence of complicating disease, are weak¬ 
ness and collapsed Other historical complaints may be 
associated with a variety of systems including gastrointestinal 
(anorexia, weight loss, vomiting, diarrhea), nervous (restless¬ 
ness, pacing, depression, seizures), cardiopulmonary (exercise 
intolerance, lethargy), and miscellaneous complaints such as 

abdominal distension, polyuria, and polydipsia. In cats with 
pheochromocytoma, polyuria and polydipsia are consistently 

reported. 

Clinical signs associated with pheochromocytoma may be 
related to increased circulating catecholamines 

associated with the tumor (Table 245-4). Although most 
pheochromocytomas occur in the adrenal gland, presentation 
may differ considerably with paraganglioma in extra-adrenal 
locations, such as the vertebral canal. 17 


Minimum Database 

Abnormalities detected in dogs and cats with pheochromo¬ 
cytomas are nonspecific. The presence of concurrent disor¬ 
ders may be reflected in the complete blood count, serum 

Often, the hemogram is 


chemistry profile, and urinalysis, 
normals 13 18 Leukocytosis can be seen secondary to increased 

circulating catecholamines or stress. Mild anemia may be present 
secondary to chronic disease or hemorrhage. Thrombocytopenia 
thrombocytosis may indicate acute or chronic bleeding, 

respectively 

Increases in serum 

reported in 10% to 25% of pets with pheochromocytoma. 

The abnormal serum liver enzyme activities may be secondary 
to hypertension with changes in hepatic perfusion 


4 


M-Jfi 


or 


directly 


or 


liver enzyme activities have been 

4,13. is 


or can 


Table 245-3 


Relative Risk of Pheochromocytoma in Purebred Dogs Identified in the VMDB Database (1990-2002) 


NUMBER OF DOGS 
WITHOUT 

PHEOCHROMOCYTOMA 


95% CONFIDENCE 
RELATIVE RISK INTERVAL 


NUMBER OF DOGS WITH 

PHEOCHROMOCYTOMA 


BREED 


2.6-12.9 

5,9*34.7 

11-2.5 

15-3.1 

7.1- 111.8 

1.8-10.4 

3.2- 16.0 
0.9-16 


5.8 


1950 


6 


Airedale terrier 
Basset hou nd 
English springer spaniel 
Golden retriever 


14.4 


647 


5 


2,3 


6639 

28,246 


8 


2.1 


31 


28.1 


130 


2 


Puli 


4.3 


2167 


5 


Weimaraner 

Wire hair fox terrier 
Mixed breed 

All dogs 1990-2002 


7.1 


1569 


6 


1.2 


109,850 

509,751 


70 


NA 


NA 


277 
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Clinical Signs Associated with Canine 
Pheochtotnocytonta t J £ J -U a, 3 3 

EXCESS CATECHOLAMINES 

Tachycardia/arrhythmia 

Polypnea/panting 
Coughing 

Ataxia/ \ n coord i n a 1 10 n 
Episodic weakness 
Seizures 
Collapse 

Blindness {retinal 

hemorrhages) 

Polyuria/polydipsia 
A n orexi a 

Vomiting 

Diarrhea 
Anxiety/pacing 


R. Kidney 


MASS EFFECT 


Abdominal distention 
Weak femoral pulses 
Hemoabdomen 
Ascites 

Peripheral edema 
Collapse 

Budd-Chiari like syndrome 5 " 


Figure 245-3 Transverse abdominal CT image in the cranial 
lumbar region of a dog with pheochromocytoma. A, Aorta; CV, 

caudal vena cava. 


Other findings could include evidence of 
or vascular involvement. 

Computed Tomography 

Computed tomography (CT) is sensitive for lesion localiza- 
tion and in assessment for local invasion and metastasis 
(Figure 245-3), 419 Hypertension secondary to intravenous con¬ 
trast media (diatrazoate sodium meglumine or iothalamate 
meglumine) has been reported in humans with pheochromo- 
cytomasT — It is suspected that these medications precipitate 
catecholamine release. In dogs, hypertension subsequent 
administration of contrast media has not been reported. 

Magnetic Resonance Imaging 

Although there are no reports describing the use of magnetic 
resonance imaging (MRI) in dogs or cats with a pheochromo¬ 
cytoma, this modality is considered highly sensitive in the 
detection of pheochromocytoma in humans, 


metastasis, invasion, 


Budd Chiari like syndrome is the mechanical obstruction of the 
vena cava between the heart and the liver 


occur with concurrent disease such 


hyperadrenocortidsiTL 

I hese abnormal liver enzymes do not correlate with the pres¬ 
ence of hepatic metastases, 13 

Proteinuria, resulting from hypertensive glomerulopathy 
or concurrent illness, is observed in as many 50% of dogs and 

cats with pheochromocytomas, 4 ’ 13 Hyposthenuda/isosthenuria 

may be present due to the inhibitory effect of circulating 
catecholamines on vasopressin secretion and activity. 4 

Blood Pressure 

In dogs w f ith pheochromocytoma, the presence of systemic 
hypertension (systolic pressure > 160 mm Hg) is variable (25% 
to 86% of patients), which may reflect sporadic secretion of 
catecholamines resulting in intermittent hypertension. 413 


as 


to 


Nuclear Scintigraphy 

Scintigraphic studies 


used frequently in humans and 
reported in the dog for localization of pheochromocytoma. 22 25 
Radioactive iodine labeled meta-iodobenzylguanidine (MIBG) 

is structurally similar to norepinephrine and is taken up by 
chromaffin cells. This technique is less sensitive than CT for 
identification of pheochromocytoma in humans but is more 

specific and it may be useful in the identification of metas- 
tases :5 Octreotide is a somatostatin analog that may be radio- 
actively labeled and binds somatostatin receptors on the surface 

of neuroendocrine cells such as those in pheochromocytomas. 

Octreotide scanning may detect lesions in patients with 

normal MIBG scans. 25 


are 


are 


DIAGNOSTIC IMAGING 


Imaging techniques are 


useful for localizing a mass and for 
determining the extent of disease, including whether the tumor 

is unilateral or bilateral, is invading local structures, or has 
metastasized to distant regions. 13 This information is valuable in 
planning surgical approach and in determining prognosis. 


Radiography 

Plain abdominal radiographs may reveal a mass or mineraliza¬ 
tion in the adrenal region. 4 -Frequently, the adrenal 
lesion cannot be detected. Thoracic radiographs may reveal 
changes consistent with hypertension such as cardiomegaly, 
pulmonary congestion, or edema. 4 Contrast studies such 
as caudal vena cava or nonselective venography and excretory 
urography may be helpful in detecting cava! invasion or 

thrombosis and renal integrity', respectively. 4 - 12 13 > 0,20 

Abdominal Ultrasound 

SGeographically pheochromocytomas appear as mass lesions 
of the adrenal gland with variable echogenicity.'^- 2 ' Pheochro¬ 
mocytomas cannot be distinguished from other tumors in 
the adrenal gland based on the sonographic appearance. 


Positron Emission Tomography 

Positron emission tomography (PET) using 6-('«F) fluo- 
rodopamine has been helpful in humans when conventional 
testing is equivocal .W The use of this technique for local¬ 
ization of pheochromocytoma in the dog has been reported 
and shows promise. 26 


BIOCHEMICAL DIAGNOSIS 


Catecholamine Measurement 

Catecholamines, their metabolites, or other neuroendocrine 

products may be measured in plasma or urine. These techniques 
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adrenal gland.' 1 ' 28 The distinction between benign and malig¬ 
nant tumors is unclear. In humans, presence of capsular or 
vascular invasion and nuclear p 1 eomorphism do not correlate 
with behavior, 23 


are infrequently used in dogs or cats because of limited avail¬ 
ability, lack of reference ranges, expense, and complicated 
sample collection and handling. 4 - 2azfi In addition, the accuracy 
of these diagnostics is limited. False-positive results are associ¬ 
ated with stress, excitement, certain dietary components, and 
medications. False-negative results are associated with inter¬ 
mittent secretion of catecholamines by the tumor and 
improper sample handling. 4,20 ' 2 ^ 

Provocative Testing 

Certain agents, including histamine, tyramine, metoclopro- 
mide, and glucagon, cause adrenal catecholamine release and 
can be used to screen individuals for pheochromocytorriaA 211 
Because of the risk of a hypertensive crisis, these tests are not 

recommended. 

Clonidine Suppression Test 

Clonidine is a centrally acting a.-agonist that suppresses the 
release of catecholamines. In all patients, blood pressure and 
heart rate can decrease after administration. Lack of reduction 
in plasma catecholamines following administration of cloni¬ 
dine is consistent with pheochromocytoma. 

Phentolamine Test 

Phentolamine is an cx-receptor antagonist, thus administration 
inhibits a-mediated vasoconstriction. In patients that are 
hypertensive secondary to excessive catecholamines, phento¬ 
lamine results in vasodilation and decreased blood pressure 
within minutes of administration, an effect that lasts about 
10 minutes. This test is not recommended due to potential for 
hypovolemic shock and difficulties in interpretation. 






TREATMENT 




Surgery and Perioperative Management 

Surgical excision of pheochrom ocytoma is the treatment of 
choice (Figure 245-4). Surgical and anesthetic complications 

however. The surgical approach to adrenalec- 


30 




are common, 

tomy has been described. 29 

Pre-anesthetic goals include stabilization of hypertension 
and control of arrhythmias. 30 Treatment with a-receptor 
antagonists, such as phenoxybenzamine or prazosin, will nor¬ 
malize intravascular volume in individuals with chronic 
hypertension. Arrhythmias should be treated with P-adrenergic 
antagonists such as propanolol or esmoloL It may be prudent 
to normalize blood pressure and rhythm disturbances for 1 to 
2 weeks prior to surgery in light of the high complication rate 

reported in dogs and cats. 

Medications that stimulate release of catecholamines or 
may precipitate arrhythmias (ketamine, morphine, and 
halothane) should be avoided. Anesthetic protocols used in 
humans include the use of thiopental, propofol, isoflurane, or 
sevoflurane 30 

Careful monitoring of blood pressure, cardiac rhythm, and 
red cell volume is essential. Manipulation of a pheochro- 
mocytoma can induce catecholamine release with subsequent 
hypertension. Following resection, hypovolemia may occur 
the circulating catecholamine concentrations decrease. 
Hypotension is best managed by administration of intravenous 
crystalloids. In dogs that have a poor response to fluid expan¬ 
sion, dopamine may be indicated. Postoperatively, monitoring 
must continue until the animal is stabilized. In one study of 
dogs undergoing surgical resection of pheochrom ocytoma, 
hospitalization time ranged from 3 to 12 days. 


i 00,3i 


as 


PATHOLOGY 


Cytology 


Although there is some potential to induce a hypertensive 
crisis or hemorrhage, fine-needle aspiration can be performed 
with ultrasound or CT guidance. Cytologic features of 
pheochromocytoma are consistent with a tumor of neuroen¬ 
docrine origin. Cytologic misdiagnosis has been documented. 13 


31 


Medical Management 

Dogs or cats with nonresectable or metastatic pheochromocy¬ 
toma may be treated medically. The goals of medical therapy 
to control sequelae to elevated catecholamines (hyperten- 
and arrhythmias) and control of the tumor (both primary 
and metastatic). 

Chemotherapy 

Chemotherapy has not been evaluated for treatment of 
pheochromocytoma in dogs or cats. Humans with malignant 
pheochromocytoma are often treated with protocols combin¬ 
ing vincristine, cyclophosphamide, and dacarbazine, which 
prolongs survival in patients with metastatic disease. 2 ' In addi¬ 
tion to typical chemotherapy related side effects, there is 

risk of inducing a hypertensive crisis due to tumor cell 
lysis with release of stored catecholamines. 33 

Targeted Therapy 

Radiolabeled MIBG, in addition to imaging applications, has 
demonstrated efficacy in the treatment of malignant 
pheochromocytoma in humans either alone or in combination 
with chemotherapy. Similarly, octreotide may be useful in 
people if octreotide scintigraphy demonstrates uptake. 
Neither of these techniques has been reported in the dog. 


Histopathalogy 

Microscopically, pheochromocytomas are composed of nests 
of polyhedral cells with lightly eosinophilic, granular cyto¬ 
plasm that are separated by a fine fibrovascular stroma. 13 23 28 
Immunohistochemical techniques may be useful in distin¬ 
guishing pheochromocytoma from other tumors of the 


are 


sion 


some 


PROGNOSIS 


Animals with surgically resectable pheochromocytoma can 
have prolonged survival times. The median survival time for 


Figure 245*4 Intraoperative photograph demonstrating a 

noninvasive pheochromocytoma in a dog. 
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six dogs with surgical resection was 15 months. For dogs 
surviving the immediate postoperative period, a range in 
survival from 2 to 40 months has been reported. 4 Prognosis in 
cats is probably similar In the few reported cases of pheochro- 
mocytoma in cats, only one 


Metastasis has been reported in 13% to 50% of dogs with 
pheochromocytoma. Sites of metastasis include liver, regional 
lymph nodes, spleen, lungs, brain, and bone (femur and 
lumbar vertebral body]. Metastasis of feline pheochromocy- 
toma has not been reported. 


cat survived postoperatively. 
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CHAPTER 


Estrous Cycle and Breeding Management of the Healthy Bitch 


Auke C Schaeferes-Okkens 


THE ESTROUS CYCLE 


serosanguineous or turn straw-colored. Diestrus begins when 

the bitch will no longer accept the dog. It has an average dura¬ 
tion of about 70 days if it is assumed to end when the plasm 
progesterone concentration initially declines to a level of less 

equal to 3 nmol/L (lnmol/L = 0.315 ng/ml), In addi- 
to this behavior-oriented classification of the cycle, it is 
also possible, and more appropriate, to concentrate on ovarian 
function and to classify the follicular phase, the phase of 

preovulatory luteinization and ovulation, the luteal phase and 
the anestrus (see Figure 246-1). 


Onset of puberty in the healthy bitch occurs between 6 and 
18 months of age. After each estrous cycle, which has a length 
of about 3 months, an anestrus with a variable duration 
occurs. The mean interval from onset of one estrous cycle to 
the next is about 7 months, with a range of 4 to 12 months. 
The interestrous interval may be regular or variable within 
individual bitches. After 8 years of age, the duration and fre¬ 
quency of the cycles become less regular and the interestrous 
interval increases. 1 2 3 4 

The stages of the estrous cycle are proestru$, estrus, and 
diestrus (metestrus) (Figure 246-1), The average duration of 
proestrus is 9 days, with a range of 3 to 17 days. Proestrus is 
defined as the period when the bitch is sexually attractive 
while rejecting the male's advances until the first will in gn 
to accept the male. However, early behavioral signs 
tinct. Therefore it is common to use the onset of serosan¬ 
guineous vaginal discharge and vulvar swelling to mark the 
first day of proestrus. 

On average, estrus {the period of acceptance of the male) 
has a duration of 9 days, with a range of 3 to 21 days. During 
estrus the vulva begins to shrink and soften. The discharg 
usually persists, but generally diminishes. It 


a 


or 


FOLLICULAR PHASE 




As tertiary follicles develop in the ovaries they produce 
estradiol, leading to peak plasma levels of 180 to 370 pmol/1 
in late proestrus, 1 to 2 days before the preovulatory luteiniz¬ 
ing hormone (LH) surge (Figure 246-2). On laparoscopic 
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Figure 246-1 Diagram of the estrous cycle and anestrus in the 

dog. (From Schaefers-Okkens AC: The ovaries. In Rijnberk A: 

Clinical endocrinology of dogs and cats. Netherlands, 1996, Kluwer 
Academic Publishers.) 


Day of cycle 


Figure 246- 


2 Diagram of estradiol, LH, and 


progesterone 

concentrations in plasma in relation to commonly observed estrus 
behavior of the bitch, and the optimal period for mating. (From 

Schaefers-Okkens AC. The ovaries. In Rijnberk A: Clinical 

endocrinology of dogs and cats , Netherlands, 1996, Kluwer 
Academic Publishers.) 


1640 





















Estrous Cycle and Breeding Management of the Healthy Bitch 


CHAPTER 246 




* 




30 


30 




Figure 246-3 The vulva of a beagle bitch during (A] anestrus, and during (B) proestrus/estrus. 
(From Schaefers-Gkkens AC: The ovaries. In Rijnberk A: Clinical endocrinology of dogs and cats 
Netherlands, 1996, Kluwer Academic Publishers,} 




t 




Superficial cells dominate as the follicular phase progresses 
(Figure 246-5). However, it should be realized that although 
vaginal cytology gives an indication of the stage of the cycle, 
it is not reliable for timing the preovulatory LH surge or 
ovulation, 3 

With vaginoscopy it can be observed that the vaginal 
m ucosal 


inspection, follicle development is not readily apparent on the 
ovary because of the ovarian bursa. Furthermore, until mid- 
praestrus, follicular development appears only as clear grayish 
areas with indistinct boundaries on the ovarian surface. These 
areas gradually develop into distinct fluid-filled vesicular folli¬ 
cles, which protrude distinctly above the ovarian surface. 2 The 
external signs of proestrus, such as hyperemia and edema of 
the vulva and bloody vaginal discharge, are caused by 
increased concentrations of estradiol (Figure 246-3). This also 
causes lengthening and hyperemia of the uterine horns, 
enlargement of the cervix (which can be palpated), and thick¬ 
ening of the vaginal wall. 

The percentage of superficial cells in the vaginal smear 
increases and the percentage of parabasal and small inter¬ 
mediate cells decreases. Erythrocytes are numerous, and 
leukocytes are seen in the early follicular phase but 

cornification progresses (Figure 246-4). 


are swollen, are pale, and have smooth, rounded 

surfaces [balloons) (Figure 246-6). The increased concentra¬ 
tions of estradiol frequently cause hypertrophy of the 0oor of 
the posterior vagina, just cranial to the urethral orifice and 
therefore folding over and covering the urethral orifice (Figure 
246-7). At the end of the follicular phase that is during the 
decline in estradiol and the rise in progesterone concentrations 
in plasma, shrinkage begins in response to reduced estradiol- 
dependent water retention. These cyclic changes are most 
marked in the dorsal median fold and precede those of the 
mid-vaginal mucosa (Figure 246-8). 
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Figure 246-4 Vaginal cytology in the bitch 

at the onset of the follicular phase, showing 
primarily intermediate (i) cells, some su 
dal (s) cells, erythrocytes (e) f and leukocytes 
(I) (May Grimwa!d Giemsa, original magnifi¬ 
cation, 200). 
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Figure 246-5 Vaginal cytology in the hitch 
during the second half of the follicular phase, 
at ovulation, and the onset of the luteal phase. 
This smear shows superficial cells (s) and 
erythrocytes (e) (May Griinwald Ciemsa, 
original magnification 200), 
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The basal plasma follicle-stimulating hormone (FSH) con¬ 
centration is relatively low during the follicular phase, 
whereas the basal plasma LH concentration is higher than in 
different phases of the anestrus (Figure 246-9). The secretory 
pattern of LH is characterized by frequent increases of short 
duration. 4 Plasma progesterone concentrations initially 

remain low but fluctuate and increase during the second half 

of the follicular phase as a result of partial luteinization of the 
follicles. 


takes place during the preovulatory LH surge. Ovulating 
follicles therefore have many of the characteristics of rapidly 
developing corpora lute a. Most ova in the dog are ovulated i 
an immature state as primary oocytes. The process of ovula- 

take up to 24 hours. In the first 2 to 3 days after 
ovulation the oocytes mature; that is, they undergo the first 
meiotic division and the extrusion of the first polar body, after 
which fertilization can occur 5 

Plasma progesterone levels are 6 to 13 nmol/L at the time 
of the LH peak, and 15 to 25 nmol/L at the time of ovulation, 
36 to 48 hours later. Concurrent with the LH peak, 
ovulatory surge in FSH occurs that reaches peak c 
t ratio ns 1 to 2 days after the LH peak. Estrus behavior usually 
starts synchronously with the pre-ovulatory LH peak ( 
Figure 246-2), but some bitches initially demonstrate estrus 
behavior days before or after the LH peak. 6 Shrinkage of the 
vaginal mucosa starts about midway in the follicular phase 
and continues through the phase of pre-ovulatory luteinization 


in 


tion can 


a pre- 
concen- 


PRE-OVULATORY LUTEINIZATION 
AND OVULATION 


The pre-ovulatory surge of LH lasts 24 to 72 hours. It usually 

starts shortly after the estradiol peak and coincides with 
declining estradiol and rising progesterone concentrations L 
plasma (see Figure 246-2) . Rapid and extensive luteinization 


in 


Figure 246-7 A modest vaginal hyperplasia which is observed 
quite often in the posterior vagina during the estradiol-influenced 
phase of the cycle (follicular, ovulation, fertilization phase). 
(From Schaefers-Okkens AC: The ovaries. In Rijnberk A: Clinical 

endocrinology of dogs and cats , Netherlands, 1996, Kluwer 
Academic Publishers.) 


Figure 246-6 Vaginoscopy in the bitch at the 
follicular phase. Note the swollen, pale mucosal folds with 
smooth rounded surfaces (balloons) and the bloody 
between the folds. 
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Figure 246-8 A sagittal section through the vestibule, vagina, and cervix 
of a bitch (A) during anestrus and (B) during the proestrus/estrus period. 
In this stage the vaginal wall is extremely folded, C, A dose up of the 
cranial part of the vagina and the cervix during the anestrus period. Note 
the very' short cervical canal. (From Schaefers-Okkens, AC:The ovaries. 

In Rijnberk A: Clinical endocrinology of dogs and cats, Netherlands, 1996, 
Kluwer Academic Publishers.) 
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Figure 246-9 The mean (± SEM) plasma FSH and LH concentrations of the smoothed baseline 
in six beagle bitches during the follicular phase, the luteal phase, and during early, mid-, and late 

'Indicates significant difference, (From Kooistra HS et al: Concurrent pulsatile secretion 
of luteinizing and follicle-stimulating hormone during different phases of the oestrous cycle and 

anoestrus in beagle bitches, Bio! Reprod 60:65, 1999,) 
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Figure 246-10 Vaginoscopy 

at the time of ovulation. The 
plasma progesterone concentra¬ 
tion in this bitch was 22 nmol/], 
A, The mucosal shrinkage leads 
to longitudinal folds, B, Close 
up of the shrinkage of the 
longitudinal folds of the dorsal 
median fold of the cranial 
vagina, i From Schaefers-Okkens 
AC: The ovaries. In Rijnberk A: 
Clinical endocrinology of dogs 
and cats , Netherlands, 1996, 
Kluwer Academic Publishers.) 
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and ovulation, when many longitudinal folds can be observed 

(Figure 246-10), 


the vaginal mucosa continues and increasing numbers of sharp 
edged summit profiles appear. In the transition period from 
estrus to diestrus, the mucosa thins and profiles become 
round. At the start ot diestrus, a patchwork of red and white 
areas can be seen (Figure 246-13). 

The factors that are responsible for initiating the regression 
of the corpora lutea in the dog are still unknown. 
Prostaglandin F 2 & originating from the endometrium is not the 
causative factor in the bitch as it is In the cow and sheep. This 
is demonstrated by the fact that hysterectomy does not influ¬ 
ence the length of the luteal phase. 

Prolactin acts as a luteotropic factor in the second half of 
the luteal phase.During the first half of the luteal phase the 
corpus luteum functions independent of pituitary support. 10 
Thereafter, inhibition of prolactin secretion causes a sharp 
decrease in progesterone secretion (Figure 246-14), LH 
centrations change little during the luteal phase, with the 
exception of a slight increase in the second half of the luteal 
phase (see Figure 246-11), There is no proof of direct 
luteotropic properties for LH in the cyclic bitch All 

Pseudopregnancy is a syndrome that in greater or lesser 
degree accompanies the extended luteal phase of all 
pregnant ovarian cycles in the bitch. If the nature of the syn¬ 
drome is mild, it is generally referred to as a physiologic or 
covert pseudopregnancy . In contrast, overt or "dinical" pseudo¬ 
pregnancy includes obvious mammary development, changes 
that are not distinguishable from the changes of late preg¬ 
nancy, or lactation are seen (see Chapter 247), Mammary- 
gland development is influenced by prolactin and growth 
hormone i GH) and their secretion pattern is influenced by 
progesterone, 12 GH, produced in the mammary gland itself 
may promote the physiologic proliferation and differentiation 
of mammary gland tissue during the luteal phase by local 
autocrine/paracrine effects, prolactin is important for lobu- 
loalveolar development 13 

En the start of the luteal phase, a higher basal GH secretion 
is present, with less GH being secreted in pulses than during 
the last part of the luteal phase, where the basal GH secretion 
is lower with more GH being secreted in pulses. This phe¬ 
nomenon may be explained by partial suppression of pituitary 
GH release by progesterone-induced GH production in the 
mammary gland (Figure 246-15). 12 In most non-pregnant 
bitches the decline in plasma progesterone concentrations 
during the luteal phase is associated with a moderate but sig¬ 
nificant increase in prolactin secretion (see Figures 246-11 and 
246-15), !2 In the overt pseudopregnant bitch, however, the 


LUTEAL PHASE 


Plasma concentrations of progesterone originating from the 
corpora lutea increase during the remainder of the estrus and 
during the onset of diestrus, Estrus behavior is thus 
during the period of a rising plasma progesterone concentra¬ 
tion, Increased progesterone concentrations plateau at 10 to 
30 days after the LH peak. Thereafter, in non-pregnant 
hitches, the progesterone secretion declines slowly and 
reaches a basal level of 3 nmol/I for the first time at about 
75 days after the start of the luteal phase (Figure 246-11). 

During the initial part of the luteal phase, the transition 
from estrus to diestrus takes place. In this period, the cytology 
of the vaginal mucosa changes from primarily superficial cells 
to mainly intermediate and parabasal cells and leukocytes 
(Figure 246-12). This change is an indication that the fertile 
period has expired. During oocyte maturation, shrinkage of 
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Figure 246-11 Mean LH, progesterone, and prolactin levels in 
plasma of three dogs during the follicular and luteal phase. The 
data have been synchronized on day 1, the day after the onset of 
the follicular phase on which the progesterone concentration 
the peripheral blood had reached 16 nmol/1.. (From Schaefers- 
Okkens AC: The ovaries. In Rijnberk A: Clinical endocrinology of 
dogs and cats, Netherlands, 1996, KJuwer Academic Publishers.) 


in 















* Estrous Cycle and Breeding Management of the Healthy Bitch | 


1645 


CHAPTER 246 




% 


* 


Figure 246-12 Vaginal cytology during 

diestrus, which starts 6 to 10 days after the 
preovulatory LH peak. This smear shows 
intermediate cells (i), parabasal (p) cells, 
and leukocytes (J) [May Griinwaid Giemsa 
original magnification, 200], 








a single annual estrous cycle, which may possibly be influ¬ 
enced by a photoperiod. Environmental factors can also affect 
the interestrous interval; an anestrous bitch placed in close 
proximity to a bitch in estrus can show an advance of the 
onset of proestrus by several weeks. Furthermore, bitches 
housed together often have synchronous estrous cycles. 

Progression from early to late anestrus is characterised by 
a greater amplitude and a higher number of GnRH pulses by 
the hypothalamus, an increase in the sensitivity of the pitu¬ 
itary to GnRH from early to late anestrus, and an increase in 
ovarian responsiveness to gonadotropins. Furthermore, the 
increase in the basal plasma FSH concentration should be 
considered to be a critical event required for the initiation of 
folliculogenesis (see Figure 246-9), 417 In addition, a period of 
increased LH pulsatility is observed shortly before the onset 
of proestrus. 418 19 There is some evidence that factors that 
decrease opiodergic activity promote LH release and the 
termination of anestrus. 18 Finally, during the course of 
anestrus in the bitch, there is an increase in hypothalamic 
mRNA encoding for the estrogen receptor and the expression 
of the gene for P450 aromatase, which catalyzes estrogen 
biosynthesis. 2021 Although sporadic elevations are observed, 
plasma estradiol concentrations are usually low and do not 
begin to rise until late anestrus. 

Apart from these changes in the hypothalamic-pituitary- 
ovarian axis, there is an involvement of dopaminergic influ¬ 
ences in the initiation of a new follicular phase in the bitch. 
Administration of the dopamine agonists bromocriptine and 
cabergoline shortens the anestrus and is associated with a 
decrease in the plasma prolactin concentration, which sug¬ 
gests that the shortened anestrus is the result of the suppres¬ 
sion of prolactin secretion. S22 However, the anestrus of dogs 
treated with metergoline, a drug that in a low dose lowers the 
plasma prolactin concentration via a serotonine-antagonistic 
pathway, is not shortened, which indicates that not the 
decrease in the plasma prolactin concentration, but the 
dopamine-agonistic influence is a critical event in the transi¬ 
tion to a new follicular phase. 23 Furthermore, a low dose of 
bromocriptine, which does not decrease the plasma prolactin 
concentration, prematurely induces a new follicular phase. 24 
In addition, under physiologic conditions low r plasma prolactin 
concentrations are found during anestrus and no obvious 
changes in the plasma prolactin concentration have been 


plasma prolactin concentration may strongly increase, probably 
corresponding with the degree of"clinical' 1 pseudopregnancy 


u 


ANESTRUS 


The time of the onset of anestrus depends on which criteria 
are being used to define the end of the luteal phase: for exam¬ 
ple, after 2 to 3 months when mammary development sub¬ 
sides, the first time that the plasma progesterone 
concentration reaches a level below 3 nmol/L, or the moment 
that the influence of progesterone on the endometrium is no 
longer evident. In any case, the transition from the luteal 
phase Into anestrus is gradual and varies considerably among 
bitches. The transition from anestrus to follicular phase can 
begin at any time throughout the year and there appears to be 
little, if any seasonal influence. Breed differences and strains 
w'ithin breeds can form the basis of variation in mean intere- 
strotis intervals. In the Collie, for instance, the mean interval is 
36 weeks, and in the Alsatian, It is about 20 to 22 weeks. Some 
breeds such as the Basenji and Tibetan Mastiff, however, have 


Figure 246-13 Vaginoscopy during diestrus, Note the rounded 
profiles and the patchwork of red and white areas. 
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Figure 246-14 Progesterone and prolactin 

levels in the peripheral blood of one dog, treated 

with bromocriptine (bar) from ovulation in the 

first cycle until the onset of the next follicular 
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anestrus are considerably shortened (From 
Schaefers-Okkens AC; The ovaries. In Rijnberk A; 

Clin tea l endocri nology of dogs and 
Netherlands, 1996, Kluwer Academic Publishers.) 
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observed in the bitch during the transition from 
the follicular phase (see Figure 246-1 5). 42? 

Bromocriptine-induced shortening of the anestrus is 
associated with a quick rise in the basal plasma F$H concen¬ 
tration without a concomitant increase in the basal plasma LH 
concentration 26 , similar to what is observed during the physi¬ 
ologic late anestrus. This again indicates that in the bitch 

increase in the circulating plasma FSH concentration is a 

critical event in the initiation of ovarian folliculogenesis. 

As a consequence of what 


with 


anestrus to 


one study proestrus was induced ___ 

bitches (n - 16). Twelve bitches came in estrus, from which 
seven ovulated. Bitches, in which proestrus but not estrus 
occurred, were all treated in early anestrus. 29 The observed 

of plasma estradiol concentration after LH 

treatment suggests that increased follicle steroidogenesis is a 
primary effect of LH, On the other hand the insufficient 
tion to porcine LH of bitches in early anestrus may be due to 
a deficiency of FSH or FSH receptors in this stage of anestrus. 
Follicular aromatase in rats and most other species studied 
appears to be primarily under up-regulation control by FSH, 30 
Anestrus can thus also be shortened considerably by 
administration of dopamine-agonists such as bromocriptine 
and cahergolineA ig ' 22 - 31 When bromocriptine treatment, twice 
daily 20 pg/kg, orally, is started during the luteal phase, the 
interestrous interval can be shortened from 245 days to 100 
days (see Figure 246-14).s When started during the 
100 days after the ovulation the next proestrus can be 
expected after a mean period of about 45 days. 31 The fertility 


in all 


ran 


increase 


A 


is described, induction of a 
lollicular phase may take place by pulsatile administration of 
GnRH, In a study, in which GnRH was administered in pulses 
of 15 to 500 ng/kg every 90 minutes for 7 to 9 days to 36 
anestrous bitches, GnRH pulses resulted in proestrus, estrus, 
ovulation, and pregnancy in 26, 20, ] 6, and 12 bitches, respec¬ 
tively Efficacy was dose dependent. 2 ? A fertile estrus could 
also be induced by administering a timed-release GnRH 
nist, fo 11 owed by a GnRH analog 
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Figure 246-15 The mean (± SEM) basal plasma GH concentration, the mean (± SEM) 
the curve (AUC) for CH above the baseline and the mean (± SEM) basal plasma prolactin concen¬ 
trate m six beagle bitches Blood samples were collected at 10-minute intervals for 12 hours at four 
stages of the luteal phase (luteal stage 1 through 4, with mean plasma progesterone concentrations 
of 123, 56, 20 and 9 nmol/L, respectively) and during mid-anestrus, 'indicates statistically significant 

difference, (Modified from Kooistra HS, Okkens AC: Secretion of growth hormone and prolactin 
during progression of the luteal phase in healthy dogs 


area under 


: a review, Mol Ceil Endocrinol 197:167, 2002.) 
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of fertility problems are the result of inappropriate manage* 
ment of the bitch and are avoidable if a proper breeding 
program is used. Additionally CEH or CEH-endometritis or 
infectious diseases such as canine brucellosis or herpesvirus 
infection may also lead to breeding problems. Infertility due 
to CEH without endometritis, in which case the bitch does 
not show signs of a systemic disease, may he diagnosed during 
an ultrasonographic examination. 

Canine brucellosis is a contagious disease for which the clin¬ 
ical manifestations vary greatly. It is characterized in the bitch 
by generalized lymphadenopathy and by early embryonic 
death, abortion (mainly between the 45 th and 55 th day of gesta¬ 
tion), and infertility. 35 Canine brucellosis must be considered 
whenever there is a history of abortion or poor reproductive 
performance in either sex. The diagnosis can, however, not be 
established based on clinical signs alone. Serologic tests are nec¬ 
essary to confirm the diagnosis of canine brucellosis. 

Canine herpesvirus can cause a high percentage of dead 
puppies in the first weeks after parturition. Herpesvirus does 
not seem to lead to a decrease in fertility. 


of an estrus initiated by bromocriptine treatment appears to 
be normal 


BREEDING MANAGEMENT OF 
THE HEALTHY BITCH 


Breeding management starts with the determination if the 
bitch is healthy and if a normal fertility can be expected 
(Figure 246-16). For that reason the age and the breeding 
history of both the bitch and the male dog have to be consid¬ 
ered. Thereafter, a complete gynecologic examination of the 
bitch is needed. Recurring examinations should he performed 
during the follicular phase, ovulation, and pregnancy. A decrease 
in fertility may be expected with increasing age. One of the rea¬ 
sons for this diminished fertility may be the development of 
cystic endometrial hyperplasia (CEH; see Chapter 251). 




THE HISTORY CONCERNING 
THE REPRODUCTION DATA 




THE EXAMINATION OF THE BITCH 


The reproduction history of the bitch must be considered in the 
breeding management program .The age of the bitch at her first 
estrus and the length of the interestrous intervals are important. 
The bitch that has not experienced an estrus by 18 months of 
age is considered to have a primary anestrus. One of the major 
causes of primary anestrus is probably true hermaphroditism or 
pseudohermaphroditism. If a bitch has experienced estrus, an 
interval of more than 12 months or an interval that is double 
the usual interestrous interval for that individual bitch is con¬ 
sidered to be a prolonged interestrous interval 

One reason for a prolonged anestrus can be hypothy¬ 
roidism, However, it should be realized that less pronounced 
cases of hypothyroidism may result in prolonged or abbrevi¬ 
ated proestrus or weak estrus symptoms instead of anestrus, 
Anestrus may also be induced with drugs such as progestagens 
or glucocorticosteroids. Glucocorticoids probably decrease 
levels of circulating gonadotropic hormones, 32 In bitches older 
than 8 years of age, the duration and frequency of the cycles 
become more irregular and the interestrous interval increases, 
An apparent prolonged anestrus can be present if the bitch 
Has a silent estrus or if the owner did not observe the estrus 
properly. Shortened interestrous intervals (intervals of less 
tharr 4 months) may be caused by a split heat or are seen in 
combination with persistent estrus (see Chapter 247). 

Attention must also be given to the length of estrous peri¬ 
ods. The average length of proestrus and of estrus is 9 days 
each. The bitch is considered to have a persistent estrus, if 
ovulation has not occurred after about 25 days from the onset 
of proestrus. In that case the plasma progesterone concentra¬ 
tion will be lower than 16 nmol/L, and estrus symptoms such 
as sanguineous discharge, estrus behavior, estradiol influence 
seen during vaginoscopy, and/or the presence of superficial 
cells in the vaginal smear are present. Plasma estradiol con¬ 
centrations are not consistently elevated. 33 Persistent estrus 
can be caused by ovarian tumors and cysts (see Chapter 247). 

Attention must also be given to attempts to mate the bitch 
and/or the results of matings in previous cycles, previous preg¬ 
nancies and parturitions and how many puppies were born. 
There are a number of problems that can lead to an unsuc¬ 
cessful mating. One problem can be inexperience or behav¬ 
ioral problems from bitch and/or male dog. Also anatomic 
disorders may prevent a normal mating. Strictures, adhesions, 
septa, and hyperplasia, for example, are common in bitches. 34 
They can be congenital or acquired as a result of local treat¬ 
ment of vaginitis with irritating drugs (see Chapter 253). 

Another important reason for a failure to mate or a missed 
conception is mating at an improper moment. A large number 






Breeding management starts with 
followed by sequential examinations. During the gynecologic 
portion of the first examination special emphasis should be 
given to palpation of the uterus and digital evaluation of the 
vagina. The following items should be examined every other 
day, starting 5 to 6 days after onset of proestrus: the vulva 
(size, swelling), vaginal discharge (quantity, color), and 
vagi no sco pic, and cytologic findings. Furthermore, the owner 
should be asked to look for behavioral changes consistent 
with estrus. The start of estrus behavior usually occurs syn¬ 
chronously with the preovulatory LH peak (see Figure 246-2), 
but the first signs of this behavior can be observed several days 
before or after the LH peak or may never be seen. Repeated 
examinations are carried out to determine if the cycle is 
progressing normally (see Figure 246-16). 

Vaginoscopic and cytologic observations not in agreement 
with the expected stage of the cycle may be a sign of a fertil¬ 
ity disorder, which may or may not be serious. For example, a 
split heat is common in both younger and older healthy 
bitches. In cases of split heat, the follicular phase stops before 
ovulation and resumes after a few days or weeks. The vaginal 
discharge changes from red to brown; the smear shows inter¬ 
mediate cells, parabasal cells, and leukocytes and the swelling 
of the vaginal mucosal folds diminishes. It is probably caused 
by prematurely regressing follicles. Ovulation will generally 
occur if proestrus returns. Treatment is usually not necessary, 
but close monitoring of the cycle is essential for determining 
the appropriate mating period. 

Sequential examinations should also be carried out to 
determine the ovulation period. Data concerning vulvar 
swelling, vaginal discharge, and vaginoscopic and cytologic 
findings have been described. Because of the variable length of 
proestrus and estrus, it should be clear that breeding a bitch 
on preset days of the cycle e.g., 11 to 13 days after onset of 
proestrus bleeding) gives inconsistent results. Although breed¬ 
ing in accordance with estrus behavior will give better results, 
some bitches are nevertheless bred too early and others too 
late. Determination of the ovulation period is therefore of 
value. Several methods have been described to determine the 
ovulation period and the proper period for mating. The prin¬ 
cipal methods are measurement of the plasma progesterone 
concentration and vaginoscopy. 

Plasma progesterone concentrations should, along with the 
other examinations, be determined every other day. At the 
onset of the follicular phase, determined through cytologic and 
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diestms. There are, however, no reliable 


vaginoscopic findings, the time between two determinations of 
plasma progesterone may be longer than in the progressing 
follicular phase. Use of an enzyme-linked immunosorbent 
assay (ELISA) or enzyme immunoassay kit for plasma pro¬ 
gesterone determination may be less accurate, especially 
medium [progesterone: >3 nmol/L, <16 nmol/L] plasma 
progesterone concentrations as compared with a plasma pro¬ 
gesterone determination via a radioimmunoassay (RIA). 3637 
The R1A method is therefore the preferred method for pro¬ 
gesterone determination, \A/hen frozen or chilled extended 
semen is being used, and sperm life span is expected to be 
shorter than in fresh semen, it is especially advisable to deter¬ 
mine plasma progesterone concentrations by RIA to ensure 
accuracy in determining the ovulation day and the fertile 
period, therefore permitting use of a single insemination. 
Plasma progesterone concentrations increase slightly at the 
time of the preovulatory LH peak and rapidly at the onset of 
ovulation. At this time the plasma progesterone concentration 
exceeds 16 nmol/L. The onset of the optimal period for mating 
is 24 hours later and is based on the time needed for maturation 
of the oocytes, capacitation, and life span of the sperm. 38 With 
determination of the period for mating using a rapid RIA for 
the plasma progesterone concentration, it was found that 105 
of 112 (94%) bitches with normal fertility became pregnant 
and 81 of 104 bitches (78%) with suboptima] fertility became 
pregnant. In the latter group, only 23% of previous matings 
without proper breeding management had been successful.- 
Determination of the preovulatory LH peak would also 
provide an excellent parameter for the estimation of the ovula- 

In-hospital ELISA LH kits are available. However, 
frequent blood sampling is required than for proges* 
because of the risk of missing the preovulatory LH 
peak. Vaginoscopy can also be used to try to establish the 

lation period. The mucosal changes are, however, a response 

therefore secondary changes. 


proestrus-estrus, or 
changes in the smear indicative of the preovulatory LH surge 

of ovulation. 3 Lastly, ultrasonography is not reliable for 
ovulation determination. 40 


or 


in 


ADDITIONAL EXAMINATIONS 


In bitches with previous fertility problems, vaginal culture 
may be of use. A mixed bacterial flora, including Pasteurella , 
beta-hemolytic streptococci, and Escherichia coli , often inhab- 
its the canine vagina and should not be considered a causative 
factor for infertility In an examination of the aerobic bacterial 
flora of the genital tract of 59 bitches in four breeds during 
different stages of the cycle and pregnancy (ail bitches 
whelped at least once during this study), culture results were 
negative in only 5%. Although the cultures in general showed 
a mixed flora, single species were obtained from 18% of the 
specimens. The aerobic bacterial flora consisted of common 
opportunistic pathogens. 41 Therefore bacterial culturing of 
vaginal swab specimens from bitches without signs of genital 
disease is of little value, Treatment is indicated in cases of sus¬ 
pected genital inflammation only if there 
(more than 100 colonies per culture) or the culture reveals 

only one species. Treatment may be systemic or local, but 
locally applied drugs alter the vaginal environment, are often 
spermicidal, and should therefore not be used shortly before 

breeding. 

Pregnancy diagnosis is important within a breeding man¬ 
agement program. Between 26 and 32 days after mating, 
pregnancy may be diagnosed by abdominal palpation. In some 
bitches an earlier diagnosis can be made depending on the 
degree of muscular guarding, thickness, and breed. The 
ination should, however, be repeated in case of a negative 
finding. In case of a negative or dubious finding, if vesicles of 
different size and elasticity are palpated, or if only one or two 
gestational vesicles are found, an ultrasonography is indicated. 
In the last two instances, fetal resorption has frequently been 
observed, which may warrant further examinations and 
quential ultrasonographic examinations during the rest of 
the pregnancy. Furthermore, in cases of only one or two ges¬ 
tational vesicles the chance and risk of a prolonged pregnancy 
have to be discussed with the owner. 
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tion time, 
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ovu- 


to hormonal changes and are 
Additionally, interpretation of the changes is subjective. 

Vaginoscopy is thus a less reliable method of estimation 
of the ovulation period than measurement of hormone 
levels. For experienced veterinarians, it can be a useful tool 
for monitoring the stage of the cycle, but mating advice based 
on vaginoscopy should include the recommendation to 
mate at least twice, with an interval of 48 hours. Vaginal cytol¬ 
ogy is useful in diagnosis of early proestrus, progressing 
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within the normal canine reproductive cycle, breeders 
monly interpret such variation as an indication that an abnor¬ 
mality exits. The clinician must differentiate bitches having 
normal estrous cycles with unexpected patterns from those 
with true abnormalities. Detection of individual variation 

fertile bitch can be 


com- 


eviation from anticipated, typical estrous cycle events 
in a bitch intended for breeding can prompt owners to 

_bring their dogs to 

canine reproductive cycle is categorized into four distinct 
phases, each having particular behavioral, physical, and 
end ocrinologic characteristics. Considerable variation 


D 


veterinarian for evaluation. The 


within the normal range of events in 


exists 
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crucial to providing effective counseling concerning breeding 

management. Additionally, evaluation of the estrous cycle for 

actual abnormalities is an important component in assessing 

the apparently infertile bitch. Variations from normal estrous 

cycle events in the bitch can sometimes be traced to specific 
ovarian disorders. 


crenulated, the degree correlating with oocyte maturation „. 

a fertilizable stage. Plasma estrogen progressively declines to 

basal concentrations, achieved as estrus ceases. Progesterone 

concentrations steadily increase (usually 4 to 10 ng/mL 

ovulation], marking the onset of the luteal phase of the 
ovarian cycle, 

Estrus lasts 3 days to 3 weeks, with an average of 9 days. 
The receptive behavior of estrus may precede or follow 
shortly after the LH peak. Duration of receptivity' is van able 
and may not coincide precisely with the fertile period. 
Receptive behavior reflects decreasing estrogen and increasing 

progesterone concentrations. Ovulation of primary' (infertile) 

oocytes begins approximately 1 to 2 days after the LH surge; 

oocyte maturation occurs over the following 1 to 3 days. The 

life span of secondary (fertile) oocytes is 2 to 3 days. The 

resultant fertile window in the bitch, during which time 

breeding is most likely to result in conception, is between 3 

and 7 days after the LH surge, or after the initial day proges¬ 
terone reaches 2 to 3 ng/mL. 1 ’’ 

During diestrus, the normal bitch becomes refractory to 
breeding and gradually less attractive to male dogs. Vaginal 
discharge diminishes, often becoming mucoid and mildly sup¬ 
purative and odorous before disappearing, and vulvar edema 
turgid, then slowly regressing. Vaginal cytology is abruptly 
altered by the reappearance of parabasal epithelial cells and, 
frequently, neutrophils. Vaginal cytology on the first day of 
diestrus has less than 50% superficial cells. Endoscopic ally, 
vaginal mucosal folds appear flattened, pink, and flaccid! 
Plasma estrogen concentrations are low during diestrus, 
except for a mild rise reported in the pregnant bitch prior to 

parturition. Plasma progesterone concentrations steadily rise 

during the first few weeks of diestrus to a plateau of 15 

80 ng/mL, hefore progressively declining in late diestrus. 

Progesterone secretion is dependent on both pituitary LH and 

prolactin secretion. Proliferation of the endometrium and 

quiescence of the myometrium occur under the influence of 
progesterone. 

D i estru s 


to 


at 


THE NORMAL CANINE ESTROUS CYCLE 


The interestrous interval normally %'aries from 4.5 to 
10 months in duration, with 7 the average. The anestrus 
phase of the interestrous interval is marked by reproductive 
inactivity, uterine involution, and endometrial repair. The 
normal bitch is neither attractive nor receptive to male dogs. 
Minimal mucoid vaginal discharge is present, and the vulva is 
not swollen. Vaginal cytology is scant, characterized by small 
parabasal cells, with occasional non-toxic neutrophils and may 
have small numbers of mixed bacteria present. Viewed endo- 
scopically, the vaginal mucosal folds are flat, thin, and pale 
red. The termination of anestrus (onset of pro estrus) follows 
the pulsatile, hypothalamic gonadotropin-releasing hormone 
(GnRH) induced secretion of the pituitary gonadotropins, 
follicle-stimulating hormone (FSH), and luteinizing hormone 
(LH). Such pulsatile GnRH secretion is a physiologic require¬ 
ment of gonadotropin release. Following GnRH stimulation 
during late anestrus, pituitary gonadotrophs release LH in a 
rapid, transitory pattern and FSH in a slow, sustained pattern. 
Mean levels of both FSH and LH rise moderately during late 
anestrus. At the termination of anestrus, the pulsatile release 
of LH increases, which precedes and likely amplifies ovarian 
folliculogenesis during proestrus. Estrogen levels are basal 
(5 to 10 pg/mL) and progesterone levels at nadir (<J ng/mL) 
in late anestrus. Anestrus normally lasts from 1 to 6 months. >- z 
During proestrus, the bitch attracts male dogs but is still 
not receptive to breeding. She may become more playful or 
passive concerning the male 


to 


as proestrus progresses. 
A serosanguineous-hemorrhagic vaginal discharge of uterine 

origin is present and the vulva is mildly enlarged and turgid. 
The microscopic appearance of exfoliated vaginal epithelial 
cells shifts over a period of 4 to 7 days from small parabasal 
cells to small then large intermediate cells, superficial- 
intermediate cells, and finally superficial (comified) epithelial 
cells. These changes in the vaginal cells reflect the degree of 
estrogen influence on the vaginal mucosa. The vaginal wall 
becomes thickened under the progressive influence of estro¬ 
gen, in preparation ior copulation. Red blood cells are usually 
hut not invariably present on the vaginal smear. 

Endoscopically, the vaginal mucosal folds appear edema¬ 
tous, pink and rounded. FSH and LH levels are bw during 
most of proestrus, rising during preovulatory surges. Estrogen 
rises from basal anestrus levels to peak levels (50 to 100 pg/dl 
during late proestrus), while progesterone remains basal 
(<] ng/mL) until rising (2 to 4 ng/mL) in conjunction with 
the LH surge. The LH surge generally lasts only 12 to 

24 hours in the bitch. Occasionally, more than one LH surge 
occurs, the one associated with 

progesterone level reaching 2 to 3 ng/mL is likely associated 
with ovulation. Proestrus lasts from 3 days to 3 weeks and 

averages 9 days. The follicular phase of the ovarian cycle 
coincides with proestrus and early estrus. 13 

During estrus, the normal bitch displays receptive 

passive behavior with a male dog, which enables breeding. 

Serosangulneous to hemorrhagic vaginal discharge diminishes 

to variable degrees. Vulvar enlargement and edema tends to be 

maximal but the vulva is soft. Vaginal cytology usually consists 

of 80%) to 100% superficial cells. Red blood cells tend 
diminish but 


usually lasts 2 to 3 months m the absence of preg¬ 
nancy, Parturition terminates pregnancy 64 to 66 days after 
the LH peak (or the initial rise in progesterone), or 56 to 
58 days after the onset of diestrus as determined by vaginal 
cytology. Gestational length may he related to litter size and 
parity.^ Prolactin concentrations increase in a reciprocal fash¬ 
ion to declining progesterone concentrations as diestrus ends. 
Prolactin 


concentrations are higher in pregnant bitches. 
Mammary ductal and glandular tissues increase in response to 
prolactin, which makes lactation a normal event even in the 
non-pregnant state (pseudopregnancy). 


1-3 


NORMAL VARIATIONS IN THE CANINE 
ESTROUS CYCLE 


1 I 


During evaluation of a bitch for estrous cycle abnormalities 
the medical history, signalmem, and husbandry of ; 
should he taken into account along with the specific repro¬ 
ductive history, physical examination findings, and results of 
clinical testing. Following the bitch over time, through one 
estrous cycle, is often necessary to reach a diagnosis. 


bitch 


a concurrent rise in serum 


Delayed Puberty 

The onset of the first estrous cycle occurs after a bitch attains 
70% of her adult height and body weight. Small breeds gen¬ 
erally begin their first estrous cycle between 6 and 10 months 
of age, whereas large breeds may normally begin as late as 18 
to 24 months. Family histories (dam and female siblings) 
help predict the onset of reproductive activity. Efforts 
differentiating delayed puberty from an actual failure to have 
reproductive cycles should be postponed until 


or 


can 


to 


at 


may persist throughout estrus. Endoscopically 
vaginal mucosal folds become progressively %vrinkled 


or 


bitch is 
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should occur.- Behavioral or physical problems can interfere 
with acceptance of a male for breeding. Dominant bitches 
exposed to an inexperienced male may not allow breeding 
even during the appropriate time. Vulvar or vaginal abnormal¬ 
ities such as strictures and septate bands, and vaginal hyper¬ 
plasia may make natural breeding painful and result in a bitch 
refusing to permit copulation even when in estrus 6 (Figure 
247-1). The pre-breeding veterinary examination permits 
early detection of such anatomic problems, enabling their cor¬ 
rection or adjustment in breeding plans (artificial insemina¬ 
tion versus natural) before the onset of proestrus. 


at least 2 to 2.5 years old. Bitches with delayed puberty have 
normal reproductive cycles once initiated. 

Silent Heat Cycles 

The occurrence of a silent heat cycle needs to be ruled out 
during evaluation of a bitch for a reported failure to have 
estrous cycles. Fastidious bitches with minimal vulvar 
swelling, vaginal discharge, or behavioral changes may have 
estrous cycles that escape human detection, especially in the 
absence of a male dog. Estrous cycles tend to become more 
apparent as the bitch ages. Performing weekly vaginal cytolo¬ 
gies, housing the bitch near an intact male, or using white 
bedding can aid in prospective detection of a silent heat, per¬ 
mitting ovulation timing and breeding. Performing monthly 
progesterone assays permits retrospective identification of 
estrus but will not facilitate breeding that cycle. Silent heat 
cycles need to be differentiated from true primary an estrus. 
True primary an estrus in the bitch that fails to experience an 
estrous cycle is most likely due to a disorder of sexual devel¬ 
opment, and is uncommon. 

Split Heat Cycles 

Bitches experiencing split heat cycles, in which proestrus and 
possibly early estrus occur without progression, may be 
thought to have abnormally short cycles, lack of sexual recep¬ 
tivity, or infertility if breedings were forced or artificial insem¬ 
ination performed. Waves of folliculogenesis with increased 
estrogen production but without ovulation occur in split 
heats. Follicular atresia follows, no luteal phase with proges¬ 
terone production occurs, and normal sexual receptivity' fails 
to develop. These cycles typically occur in young bitches and 
are characterized by periods of hemorrhagic vaginal discharge 
typical of proestrus, attractiveness to males, and usually no 
receptivity. In young bitches, split cycles are thought to be due 
to immaturity. These cycles may also occur in mature bitches 
with a history of normal past cycles, usually in association 
with stress. Increased endogenous cortisol levels associated 
with stress (travel, shipping, kenneling) may inhibit the LH 
surge and associated ovulation. 

After a period of 2 to 10 weeks, another proestrus typically 
begins, which may or may not proceed to ovulation. 
Eventually, most young bitches experiencing split heats 
progress through a normal estrus to diestrus. The condition is 
not associated with reproductive pathology in the young or 
stressed bitch, and no treatment is recommended. Breeding 
the bitch thought to have been previously stressed in familiar 
surroundings is advised. Serial vaginal cytology documenting 
the influence of estrogen on vaginal mucosa early in the cycle 
and progesterone assays performed 1 to 2 weeks later 
(<2 ng/mL) documenting folliculogenesis without ovulation 
or luteinization confirm the diagnosis of a split heat. 
Occasionally split cycles occur on a regular basis in mature 
individual bitches, making them difficult to breed, and likely 
associated with abnormalities of the hypothalamic/ 
p i tuita ry/ova ri a n axis. 

Management Errors 

Bitches examined because they have failed to permit breeding 
or to conceive after a forced breeding or artificial insemination 
during the perceived fertile period need to be evaluated for 
kennel management errors. The timing of receptive and Fertile 
periods during estrus varies significantly among normal 
bitches and even in individual bitches during different estrous 
cycles. These periods may not correlate with the handler's 
choice of predetermined breeding dates, typically between 
days 10 to 14 after the onset of vaginal bleeding. Ovulation 
timing protocols utilizing serial vaginal cytology, repeated 
vaginoscopy, and serum progesterone and LH concentrations 
are useful in identifying the actual fertile period when breeding 


PATTERNS OF ABNORMAL ESTROUS CYCLES 


m 


■ 


Abnormal estrous cycles can be categorized and simplified 
into several patterns that reflect either a prolongation or 
abbreviation of a phase of the cycle, or an alteration in the 
normal sequence of events. An owner's interpretation of a 
bitches behavior and physical characteristics may not equate 
with the actual physiologic events, which necessitates 
prospective documentation of the cycle through vaginal cytol¬ 
ogy, vaginoscopy, behavioral analysis, and assessment of serum 
progesterone and LH concentrations. 

Prolonged Proestrus or Estrus 

Prolonged proestrus or estrus occurs when a bitch displays 
vaginal bleeding (of uterine origin) for more than 21 to 28 
consecutive days, accompanied by attractiveness to males. 
Greater than 80% to 90% superficial ceils are found on vagi¬ 
nal cytology. Such bitches may or may not be receptive to 
breeding. Prolonged proestrus and/or estrus most likely results 
from persistent secretion of estrogens with or without small 
elevations in progesterone secretion. If secreted, progesterone 
enhances the presence of sexual receptivity. 

Endogenous sources of prolonged estrogen exposure in the 
bitch, with or without progesterone, include ovarian follicular 
cysts and secretory neoplasias. 7 Secretory, anovulatory follicu¬ 
lar ovarian cysts tend to be solitary, lined with granulosa cells 
and exceed normal preovulatory follicles in size, ranging 
from 1 to 5 cm in diameter (Figure 247-2). Bilateral follicular 
cysts may indicate a problem with the hypothalamic pituitary 
ovarian axis. Follicular cysts tend to occur in bitches less 
than 3 years of age. Ovarian neoplasias capable of producing 
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Figure 247-1 Vaginoscopic view of a septate band of tissue 
in the caudal vaginal of an estrus bitch exhibiting pain during 
breeding efforts The band is retracted with a spay hook. 





S E CTIG N X V11 * Reprodu cti v e S ystem 


50DS Z2 El 
out 79 , 43 / 

I.000X 
FR _SB Ll "' 


R OUPiRV 

BflEITTftL 


Figure 247-4 Ultrasonographic appearance of a functional, 
estrogen secreting, nonovulatory ovarian follicular cysts. 


Figure 247-2 Functional, nonovulatory follicular ovarian cysts 

found in a Mastiff hitch that has been experiencing estrus for 
greater than 3 months. 


confirmed with serum estrogen level measurement), abdomi¬ 
nal ultrasonography is recommended in the attempt to iden¬ 
tify an ovarian follicular cyst or functional neoplasia (Figure 
247-4). Normal preovulatory follicles measure 4 to 9 
diameter, smaller than follicular cysts and most functional 
neoplasia. 10 Analysis of the estrogen and progesterone levels 
in fluid from abnormal cystic ovarian structures obtained via 
ultrasound guidance and histologic analysis of tissues obtained 
surgically can confirm the diagnosis. 

Because follicular cysts may spontaneously undergo atresia 
or luteinization, not all bitches experiencing prolonged 
proestrus or estrus require treatment. Progression of the 
follicular cyst to an atretic follicle or a corpora lutea can be 
monitored ultrasonographically, via vaginal cytologies, and by 
serum estrogen and progesterone levels. Therapy aimed 
terminating prolonged proestrus or estrus becomes necessary 
if spontaneous regression fails to occur, vaginal bleeding 
continuing nuisance, estrus behavior and the attraction of 
males is unacceptable, or other complications develop (blood 
loss anemia, marrow dyscrasias, vaginal hyperplasia) (Figure 

247-5). Medical and surgical options exist for treatment of 
persistent pathologic follicular cysts. Medical therapies should 
not place the reproductive health of the bitch at risk. 
Progesterone treatment of bitches with functional follicular 
cysts puts the bitch at increased risk for the development of 
cystic endometrial hyperplasia/pyometra, and is not advised. 
The use of GnRH (50 to 100 ug/bitch 1M q24-48h for up 
3 doses) or human placental gonadotropin (H.CG.; 11 lU/lb; 
22 lU/kg, IM, q24-48h) has been advocated as affective in 

inducing cyst regression or luteinization, although reported 
success rates for either vary. 3 7 GnRH does not appear to be 
antigenic in the bitch and may be the preferred treatment. 
Successful induction of cyst regression 

reflected by a reduction in vaginal discharge, change in vaginal 
cytology reflecting reduced estrogen effect, diminished 

attractiveness to males, and normalization of behavior. 
Serum estrogen concentrations fall, and increased 
ter one concentrations 

Ultrasonographic monitoring of ovarian morphology shows 
regression of hypoechoic structures. 

It has been suggested that failure of medical therapies to 
resolve prolonged proestrus or estrus indicates that 
neoplasia is more likely than a follicular cyst; this has not been 
our experience. 3 ^ Medical treatment of prolonged proestrus 
estrus is usually unrewarding and surgical removal of the 
cyst the most expedient means of managing the problem. 3 
Removal of the cyst alone is optimal, but resection of the 


estrogen occur and include tumors of epithelial origin (cys- 
tadenomas and adenocarcinomas) as well as tumors of 
gonadal-stromal origin (granulosa-theca cell tumors). H 
Ovarian neoplasia tends to occur in hitches older than 5 


mm in 


years 

of age. Ovarian tumors can occur unilaterally or, less com¬ 
monly, bilaterally Functional ovarian neoplasia and cystic 
ovarian pathology can occur simultaneously (Figure 247-3). 
Cysts found in the contralateral ovary, and endometrial hyp 
plasia that accompany a functional tumor occur most 
frequently with gonadal-stromal origin tumors. 9 

There are few differential diagnoses for prolonged vaginal 
bleeding. Vaginal bleeding secondary to infection, inflamma¬ 
tion or neoplasia of the genitourinary tract, a vaginal foreign 
body, or a coagulopathy should be differentiated from pro¬ 
longed proestrus or estrus. Excessive exogenous administra¬ 
tion of estrogen may be encountered when a bitch is treated 
for urethral sphincter incompetence with diethylstilbestrol 
(DES), or from attempts to prevent unwanted pregnancy 
using DES or estradiol cypionate. Recognized sequela 
chronic estrogen exposure include hone marrow dyscrasias, 
predisposition to the cystic endometrial gland hyperplasia/ 
pyometra complex, and the development of ovarian cysts. 7 9 

After confirmation of naturally occurring hyperestro- 
genism is obtained through vaginal cytologies (they can be 
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or 
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occur if luteinization results. 
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Figure 247-3 Ovarian carcinoma, right ovary (ruler), accompa¬ 
nied hv ovarian follicular cysts, left ovary, in a Boxer bitch that has 
been experiencing estrus for greater than 2 months. 


or 
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one with prolonged anestrus. The value of vaginal cytologies, 
serial plasma progesterone levels, and the ultrasonographic 
appearance of the ovaries and uterus becomes important in 
establishing a diagnosis. 

Prolonged diestrus may occur secondary to the presence of 
a luteinized (progesterone-secreting) ovarian cyst The proges¬ 
terone causes negative feedback to the pituitary/bypothalamic 
axis, preventing the stimulation of normal ovarian activity. 
Luteinized cysts can be single or multiple, involving one 
or both ovaries." Abdominal ultrasonography can identify 
hypoechoic structure(s) within the affected ovary(ies) (Figure 
247-7 K Abdominal radiography rarely provides diagnostic 
information because the cysts are relatively small. Serum 
progesterone levels greater than 2 to 5 ng/mL confirm the 
diagnosis. Treatment with prostaglandin F2alpha (PGFZcc) 
usually causes only a transient decline in serum progesterone 
levels, indicating partial luteolysis. Surgical removal of the 
cyst(s) with histologic analysis is the recommended treat¬ 
ment, Separation of the cyst from the affected ovary is opti¬ 
mal but is technically difficult, necessitating ovariectomy, 3 
Acquiring a uterine biopsy to evaluate the presence and 
extent of accompanying cystic endometrial hyperplasia is 
advisable, as it can provide valuable information to the owner 
concerning future fertility of the bitch (see Figure 247-7), 
Cystic endometrial hyperplasia, if present, may resolve 
partially after elimination of the cyst. 

Nonfunctional ovarian cysts may cause failure to cycle due 
to their mass effect. Rete ovarii cysts and subsurface epithelial 
structure cysts are examples of nonfunctional ovarian cysts. 
Increases in plasma estrogen or progesterone concentrations 
will not be identified, although these cysts have the potential 
to produce a wide variety of other steroidal compounds with¬ 
out systemic effect. 3 The diagnosis, initially suspected using 
abdominal ultrasonography is confirmed by histologic evalua¬ 
tion of surgically removed tissues. 

Premature ovarian failure can result in permanent anestrus. 
Although the functional longevity of the ovaries of bitches is 
not knowm, on average the decline in function would not be 
expected before 7 to 10 years of age. Prolonged anestrus due 
to premature ovarian failure could be supported by docu¬ 
mentation of markedly increased plasma FSH and LH con¬ 
centrations as would be seen following ovariohysterectomy. 
Such increases indicate a lack of negative feedback to the 
pituitary and hypothalamus, without any other identifiable 
cause for anestrusd 3 Immune mediated oophoritis, diagnosed 
by ovarian histopathology, could result in prolonged anestrus, 
A mononuclear infiltrate predominated by lymphocytes, 


33 






Figure 247-5 Vaginal hyperplasia, present for greater than 
3 months in a Mastiff hitch that is experiencing prolonged 
proestrus/estrus secondary to follicular ovarian cysts. 






associated ovary' is usually necessary. Histologic evaluation of 
the removed tissue confirms the diagnosis and, importantly 
permits evaluation for evidence of neoplasia that may warrant 
additional therapy and a much more negative prognosis 
(Figure 247-6), 

Prolonged 1 nterestrous Intervals 

Bitches exhibiting prolonged interestrous intervals may have 
prolongation of either anestrus or diestrus. Prolonged anestrus 
occurs when no ovarian activity occurs for longer than 16 to 
20 months in a bitch having previously experienced estrous 
cycles (secondary anestrus). An actual failure to continue to 
cycle must be differentiated from silent heats. Underlying dis¬ 
ease and iatrogenic causes for failure to cycle should be ruled 
out by a careful history, physical examination and database. 
The mechanism by which anestrus is normally terminated in 
the bitch is not well understood. Dopamine inhibits prolactin 
secretion. Prolactin levels decrease from late diestrus to late 
anestrus. Both FSH and LH have been reported as the hor¬ 
mone initiating proestrus folliculagenesis. Dopamine agonists 
(cabergoline, bromocriptine) can be used to shorten anestrus 
in both the normal bitch, and in bitches with secondary 
anestrus of unknown etiology. The mechanism by which 
dopamine agonists induce proestrus may be a direct reduction 
m prolactin levels or a direct dopaminergic action on either the 
gonadotrophic axis or on ovarian gonadotrophin receptors, 

A bitch examined for evaluation of prolonged intervals 
between heat cycles may be under the influence of increased 
plasma progesterone concentrations (>2 to 5 ng/mL). When 
plasma progesterone concentrations remain elevated for 
longer than 9 to 10 weeks, prolonged diestrus is probable. The 
clinical behavior of the bitch cannot be differentiated from 
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Figure 247-7 Ultrasonographic appearance of cystic endome¬ 
trial hyperplasia and hydrometra in a Doberman bitch that is 
experiencing prolonged interestrous intervals, with elevated 
plasma progesterone concentrations for greater than 4 months, 
due to a luteinized ovarian cyst. 


Figure 247-6 Bilateral ovarian neoplasia. 

















I SECTION XVII • 


J654 


Reproductive System 


plasma cells and macrophages has been reported to occur 
in both ovaries in a bitch experiencing estrous cycle abnor- 
malities, 11 This is an extremely rare disorder. 

Hypothyroidism is a potential cause for failure to cycle, but 
the diagnosis should be well supported by other clinical signs 
(lethargy, weight gain, bilaterally symmetric alopecia) and 
clinical pathologic data [hypercholesteroleniia,, nonregenera- 
Uve anemia), as well as confirmation of subnormal serum 
thyroid (total T4 and free T4 by equilibrium dialysis) levels 
ideally supported by elevated endogenous TSH levels. Bitches 
with circulating antithyroid antibodies may have artificially 
elevated total F4 levels due to cross reactivity. Hypothyroid 
bitches placed on adequate replacement therapy should 
begin to cycle within 6 months of becoming euthyroid. 314 - 16 
The presence of immune mediated thyroiditis is thought 
have a genetic basis in some breeds and may occur with 
other immune mediated endocrinopathies. The breeding 
soundness of such bitches should be addressed with clients. 

Glucocorticoids can feedback on pituitary gonadotrophins 

FSH and LH, causing a failure to cycle, 16 ' 7 Therefore admin¬ 
istration of any steroid medication must be discontinued in 
a bitch with prolonged anestrus. 


HypoJuteoidism 

The maintenance of 


canine pregnancy requires plasma 
progesterone concentrations of greater than 1 to 2 ng/mL. 

Hypoluteiodism, primary luteal failure occurring before 
gestation is a potential but not documented cause of abortion 
dogs. J - 13 * 17 Induction of abortion follows reduction of 
plasma progesterone levels below 2 ng/mL A is The diagnosis 
of gestational loss caused by premature luteolysis is difficult 
and requires documentation of inadequate plasma proges- 
terone concentrations prior to abortion for which no other 
cause is found. Measurement of 


term 


in 


precise progesterone concen¬ 
trations, especially in the critical I to 3 ng/mL range, is not 

accurate using currently available rapid in-house ELISA kits. 

Plasma progesterone concentrations diminish in response 
to fetal death, thus documentation of a low value after 
abortion does not establish the diagnosis of hypoluteiodism 
the cause for reproductive failure. Administration of proges¬ 
terone to maintain pregnancy in bitches with primary fetal 

abnormalities, placentitis, or intrauterine infection can cause 

continued fetal growth with the possibility of dystocia and 

sepsis. Administration of progesterone to maintain pregnancy 

in a bitch not actually requiring therapy can delay parturition, 

which endangers the life of the bitch and her fetuses and 
masculinize, female fetuses. 

Bitches with low plasma progesterone concentrations and 
historical late term loss of pregnancy with no apparent pathol¬ 
ogy should be evaluated for premature myometria! activity mid 
gestation, using uterine monitors. Elaboration of prostaglandins 
from the endometrium and placenta associated with 


to 


an 


as 


Shortened Interestrous Intervals 

Bitches with short (less than 4.5 months) interestrous inter¬ 
vals can fail to conceive due to incomplete uterine involution 
and repair, precluding implantation. 3 Classically, bitches with 
shortened interestrous intervals are normal in other respects. 
Ovulation and luteinization occur, the secondary oocyte is fer¬ 
tilized but fails to implant successfully. Documentation of this 
disorder requires evaluation of serial vaginal cytologies during 
estrus and diestrus, and plasma progesterone concentrations 
during the lutesl phase of at least two consecutive cycles. 
Currently, there is no reliable, commercially available, consis¬ 
tent pre-implantation method of confirming fertilization in 
the dog. The occurrence of folliculogenesis without ovulation 
(split heat) and hypoluteiodism (premature luteal failure) 
should be ruled out. Shortened interestrous intervals occur 
because anestrus is abbreviated. A defect in the hypothalamic- 
pi tuitary-ovarian axis may exist, which causes interference 
with the normal maintenance of anestrus; an imbalance of 
dopamine versus prolactin levels has been theorized to con¬ 
tribute to this syndrome. Anestrus can be abbreviated clini¬ 
cally in the normal bitch by the administration of prolactin 

inhibitors such as cabergoline and bromocriptine. 

Intervention should not take place unless the bitch is older 
than 3 years, because these abnormalities may naturally 
resolve with maturity. One suggested therapy consists of 
inducing anestrus through the use of mibolerone, a potent 
synthetic androgen causing negative pituitary and hypotha¬ 
lamic feedback and ovarian inactivity, for 6 months 
Mibolerone must be compounded as it has been taken off the 
market due to the potential for abuse. The compound is 
started 6 to 8 weeks after the previous estrus. Potential and 

predictable side effects include clitoral hypertrophy mucoid 
vaginal discharge, atrophy of the glandular endothelium 
epiphora, and virilized behavior. The bitch should be bred 
the first cycle after discontinuation of the drug, which can 
occur immediately, or be delayed from 6 to 9 months. 3 
Unfortunately, many bitches experience infertility during the 
first cycle after mibolerone administration, likely due to 
endometrial atrophy, and then begin to cycle frequently again. 

No controlled studies exist that document the efficacy of 
this protocol, and it is not recommended by the authors 
The availability of better, reversible birth control medications 
for the bitch, with fewer side effects, will improve the ability 
to treat this disorder. A genetic basis is suspected, and bitches 
experiencing shortened interestrous intervals likely 
good breeding candidates. 


may 


. premature 

myo me trial activity can result in declining progesterone levels. 

Pharmacologic intervention to decrease myometrial activity 

may be indicated, using tocolytic agents such as terbutaline 
Bitches 


experiencing premature myometrial activity in one 
pregnancy may or may not exhibit it during subsequent preg¬ 
nancies, Exogenous progesterone supplementation for bitches 
with premature labor (not necessary in the authors' experience 
with appropriate tocolytic therapy) can interfere with normal 

parturition, and oral progesterone supplementation can be 

complicated by causing poor lactation (interference with 
prolactin production), dystocia, and fetal death. 19 20 


Exaggerated Pseudocyesis (Pseudopregnancy) 

Nonpregnant bitches showing overt signs of term pregnancy 

are frequently brought to veterinarians because of concerns 

about parturition. Symptoms exhibited during overt pseudo- 

cyesis include weight gain, mammary gland hyperplasia and 

lactation, mucoid vaginal discharge, inappetence, resdessness, 

nesting, and mothering of inanimate objects. Abdominal 

palpation and ultrasonography can establish the presence or 

absence of fetuses. Alternatively, owners may be concerned 

about bitches showing overt signs of pseudocyesis because 

they find the behavior or physical symptoms objectionable in 
a bitch they know is not pregnant. 

Pseudocyesis is an exaggeration of the normal physiologic 
phenomena experienced by any nonpregnant bitch complet¬ 
ing the luteal portion of an estrous cycle. These signs are the 
result of progesterone concentrations declining and prolactin 
increasing. The clinical expression of pseudocyesis varies from 
indiscernible to (rarely) potentially serious. Clinical signs of 
pseudocyesis usually are reported from 6 to 12 weeks after 
estrus. Signs of pseudocyesis are often reported by owners 
when giving reproductive histories as if its occurrence 
indicates a reproductive disorder, when in fact, pseudocyesis 
probably establishes that the bitch has a normal hypothalamic- 
pi tuitary-ovarian axis and estrous cycle. 

Bitches that exhibit signs consistent with a diagnosis of 
pseudocyesis are probably under the influence of prolactin. 
Similar concentrations can be demonstrated in bitches that 

have no clinical 


on 


are not 


signs, suggesting that the former may have 
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Drug Appendix 


ROUTE FREQUENCY 


DESCRIPTION 


DOSAGE 


TRADE 


GENERIC 


Hypothalamic 

releasing hormone 
Placental gonadotropin 


q 24-48h x 3 


IM 


Cystorelan 


50-100 ug 


GnRH 


q 24-48h 


11 lU/lb 
(22 lU/kg) 
0*05-0.10 mg/lb 

(0.10-0.20 mg/kg) 
0.008 mg/lb 
(0,016 ug/kg) 

0*005-0.05 mg/lb 

(0,01-0.10 mg/kg) 

2*5 ug/lb 
(5*0 ug/kg) 


IM 


Gonamone 


h*c*g. 


Natural prostaglandin 


q 8h 


SC 


lutalyse 


PGF2a 


Synthetic androgen 


q 24h x 5 


PO 


Pseudocyesis: 


Mibolerone 


Ergot alkaloid divided 


q 24h 


Bromocriptine 


Ergot alkaloid 


q 24h or divided 
bid x 3-5 


Carbergoline 


oo 




these medications. Therapy with gonadal hormones, proges¬ 
terone, estrogen, or testosterone is not recommended due to 
complications of repetitive cycles of pseudocyesis, symptoms of 
proestrus or estrus, and virilization behavior, respectively. The 
compounded synthetic androgen mibolerone, administered at 
0,008 mg/lb (0.016 mg/kg) orally once daily for 5 days, has suc¬ 
cessfully abbreviated the signs of pseudocyesis in approximately 
50% ol treated cases, although this medication also may cause 
virilization. 21 Ergot alkaloids are potent prolactin inhibitors 
(dopaminergic) and can be used to abbreviate exaggerated 
pseudocyesis. Bromocriptine can be administered at 0.005 to 
0.05 mg/lb/day (0.01 to 0,10 mg/kg/day) in divided doses until 
lactation ceases. Vomiting, depression and anorexia are com¬ 
monly reported side effects, usually more problematic than the 
lactation* Carbergoline, administered at 2*5 ug/lb/day (5,0 ug/ 
kg/day), given divided or once daily for 3 to 5 days effectively 
decreases prolactin concentrations and diminishes signs of pseu¬ 
docyesis with fewer side effects, but is expensive and must be 
compounded for use in all but giant breeds* Permanent avoid¬ 
ance of clinical pseudocyesis requires ovariohysterectomy. 


increased target organ concentrations or heightened peripheral 
sensitivity to the hormone, 3 The condition is self limiting, usu¬ 
ally regressing in 1 to 3 weeks, and therapy is not recommended 
unless the signs are unusually prolonged or pronounced, such as 
causing mastitis. Unusually persistent cases of inappropriate lac¬ 
tation should be evaluated for hypothyroidism, in which excess 
TRH may, in turn, cause increases in prolactin. 

Therapy, when recommended, is usually directed at 
decreasing or eliminating lactation. Therapy is pursued to 
reduce the likelihood of mastitis occurring secondary to milk 
stasis, or to diminish lactation-induced household soiling. 
Minimal measures are recommended* Mammary stimulation, 
via licking, mothering behavior, or warm or cold compressing 
should be discontinued. Dopamine antagonists, of which phe- 
nothiazines are a class, enhance prolactin secretion and should 
not be administered. Mild sedation with a non-phenothiazine 
tranquilizer may be helpful. 3 

A variety of hormonal and medical therapies have been 
employed to reduce or stop lactation in pseudopregnant 
dogs. Side effects, in most cases, outweigh the benefit of 
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The volume increase is primarily plasma with 
hemodilution the hematocrit is around 30% at term). An 
increase in cardiac output occurs, caused by enhanced heart 
rate and stroke volume. The functional residual capacity of the 
lungs is decreased by anterior displacement of the diaphragm 
by the gravid uterus, and oxygen consumption during preg¬ 
nancy increases by 20%* Pregnant animals also have delayed 


resulting 


PREGNANCY 


Physiologic Changes and Clinical Monitoring 

Maternal physiologic alterations during pregnancy are due to 
increased metabolic demands. Blood volume increases by 
40%, which provides an adequate reserve to compensate for 
the large quantities of blood and fluids lost at parturition. 
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gastric emptying due to decreased gastric motility and dis¬ 
placement of the stomach. 

It is recommended to examine bitches and to obtain radio¬ 
graphs at about 45 days of gestation. This allows the veteri¬ 
narian to assess the health of the bitch, confirm pregnancy, 
count fetuses, and answer questions. Ultrasound is less exact 

lor determining the number of fetuses but is excellent for 
assessing fetal viability and 

from the twenty-fourth day. 

Gestation Length Apparent gestation length in the bitch 
averages 63 days, with a variation from 56 to 72 days if calcu¬ 
lated from the first matingJ This surprisingly large apparent 
variation is mainly due to the long and variable behavioral 

period of the bitch. Gestation length is quite pre¬ 
dictable when instead calculated either from the preovulatory 
surge of luteinizing hormone [LH) being 65 ± 1 days, from 
the day of ovulation being 63 ± 1 days, or from the rime of 
fertilization being 60 ± 1 days. 23 There exists conflicting data 
the literature regarding whether a correlation exists 
between breed or body weight, and/or litter size and length of 

gestation. 

Prediction of Parturition Day The ability to determine 
gestational age and to predict the day of parturition in the 
bitch is of considerable clinical importance, especially in case 
of threatening abortion, prolonged gestation, or when the 
bitch is scheduled for elective caesarean section or suffers 
from dystocia. B-mode ultrasonography has been used 
assess the diameter of pregnancy structures and to estimate 
fetal size during pregnancy. Inner chorionic cavity diameter 
the eighteenth to the thirty-seventh day from ovulation and 
fetal head diameter on the thirty-eighth day to parturition 
show the best correlation to gestational age and day of partu¬ 
rition^ Other fetal structures used to time pregnancies using 
ultrasonography are fetal limb buds, first detectable at the 
thirty-third to the thirty-fifth day; eyes, kidney, and liver at 
the thirty-ninth to the forty-seventh day; and intestine at the 
fifty-seventh to the sixty-third day. 1 Using radiography the 
fetal skeleton is rarely visible before the forty-second day; 
the skull on the forty-fifth to the forty-ninth day; pelvic bones 
on the fifty-third to the fifty-seventh day; teeth on the fifty- 
eighth to the sixty-third day, 1 Serum cortisol levels increase at 
the rime of delivery and remain high for 12 hours to reach 
basal levels again after 36 hours, 5 Levels of 15 - ketodihy dro - 
prostaglandin (PGF^j increase 24 hours before parturition 
and again at the onset of whelping. 5 In most bitches, parturi¬ 
tion occurs 65 ± 1 days from the LH-peak, which coincides 
with the initial sharp rise in serum progesterone concentra¬ 
tions to greater than or equal to 4.5 nmol/L L5 ng/mL). 
The accuracy of parturition day prediction within an interval 
of — 1 1 ± 2, and i 3 days using prebreeding serum progesterone 
concentrations was 67%, 90%, and 100%, respectively, and 

not influenced by body weight or litter size.* The fact that 
progesterone levels decrease significantly from 12 
15 nmol/L (4 to 5 ng/mL) to below 6 nmol/L (2 ng/mL) 
starring 24 hours before the onset of whelping can also be 
used to predict parturition in the late gestational stage. 


ultrasonography, which is becoming increasingly popular, 

indicates that fetal resorption is a frequent occurrence i 
the bitch. 


in 


Infectious Agents 

Hemorrhage from the genital tract often precedes abortion 
caused by a bacterial infection. This may be due to an effect 
of bacterial toxins on 

causing the uterus to contract and expel its contents. The 
underlying cause of the hemorrhage should be diagnosed. 
Antibiotics, anti-inflammatory or tocolytic drugs (eg., terbu- 
taline), or both should he administered in an attempt to pre¬ 
vent the abortion. It should be explained to the owner that 
the bitch can abort some fetuses but may carry the remainder 
of the litter to term; therefore the bitch should be examined 

for the presence of any remaining fetuses after cessation of 
treatment. 


be performed with accuracy 


can 


the placenta and a release of PGF 


2a 


estrus 


Brucella Cams Abortion caused by B, canis usually occurs 
between 45 and 55 days of gestation and is accompanied by a 
highly contagious brown to greenish-gray vaginal discharge 
that lasts for 1 to 6 weeks. Infected bitches may not exhibit 
other clinical signs. B. canis may also cause conception failure, 
fetal death, and absorption in early stages of gestation or the 
birth of weak, infected puppies. The infection is chronic and 
mostly asymptomatic in adult animals. Infected animals have 
intermittent bacteremia and shed bacteria through body 
fluids. Diagnosis is most commonly based on serologic testing, 
bearing in mind that it can take several months after infection 
before antibody titers rise and that antibiotic treatment may 
create false-negative test results. Additionally, surface antigens 
of B. canis cross-re act strongly with antibodies to several other 
nonpathogenic bacterial species. Blood cultures are therefore 
strongly recommended before declaring an animal infected. 

Toxoplasma Gondii and Neospora Caninum T. gondii 
and N. caninum are both tissue cyst-forming protozoan micro¬ 
organisms that are vertically transmitted to puppies if a bitch 
is infected during pregnancy. Infected bitches usually remain 
clinically normal, but the puppies are severely affected. 
Toxoplasmosis is known to cause fetal death and is a rare 
cause of abortion in dogs. Premature birth, stillbirth, and the 
birth of weak puppies have also been reported due to toxo¬ 
plasmosis. Neosporosis causes fatal encephalomyelitis and 
polymyositis in neonatal puppies infected in utero and has 
experimentally been shown to cause fetal death and resorption. 7 

Canine Herpesinrus The canine herpesvirus is species 
specific. In experimental studies it has been demonstrated that 
the effect of an infection is dependent on stage of pregnancy 
when infection occurs. Infection in early stages causes fetal 
death and mummification; in midpregnancy it may result in 
abortion and in later stages premature birth. More 
in naturally occurring cases is that the puppies are born appar¬ 
ently healthy but become ill during the first 1 or 2 weeks 
and succumb within days. Often the whole litter is affected; 
however, some of the puppies may survive but develop defec¬ 
tive vision, deafness, neuromuscular disorders, or kidney 
malfunction at 7 or 8 months of age. Normally immunity is 
incurred, and bitches that have lost a litter due to herpesvirus 
infection subsequently give birth to normal litters. Canine 
herpesvirus is presumed to be enzootic in dogs all over the 
world and the serop re valence is as high as 46% in some 
European countries, the incidence not being higher in breed¬ 
ing kennels than among nonbreeding dogs. 0 Herpesvirus has 
been isolated from 67% of infertile and aborting bitches 
in those countries, but it is not dear whether it is the virus 

itself or a combination of several agents that cause the 
disturb an ces. 
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DISORDERS DURING PREGNANCY 


Early Fetal Loss and Abortion 

The incidence of early embryonic and fetal death (before 
45 days of pregnancy) and spontaneous abortion in the bitch 
is not known and is difficult to determine because resorption 
of conceptuses may occur until the forty-fifth day of preg¬ 
nancy without noticeable signs, or the bitch may consume 
aborted fetuses. However, early pregnancy diagnosis using 
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Litter size is smaller in the young bitch and increases up to 
3 to 4 years of age, decreasing again as the bitch gets older. 

A litter size of only one or two puppies predisposes to 
dystocia and thus fetal death, because of insufficient uterine 
stimulation and large puppy size (Te. P single-puppy syndrome), 13 
This can be seen in dog breeds of all sizes. Breeders of the 
miniature breeds tend to accept small litters but should be 
encouraged to breed for litter sizes of at least three to four 
puppies to avoid this complication. 

Physiology of Parturition 

An understanding of the course and control of normal partu¬ 
rition (eutocia) is necessary for the diagnosis and treatment of 
abnormal parturition (dystocia). Studies of canine parturition 
and extrapolations from other species provide information on 
the physiologic and endocrinologic changes important for 
normal parturition* Stress produced by the reduction of the 
nutritional supply by the placenta to the fetus stimulates the 
fetal hypothalamic-pituitary-adrenal axis, resulting in release 
of adrenocorticosteroid hormone, and it is thought to be the 
trigger for parturition. An increase in fetal and maternal corti¬ 
sol is believed to stimulate the release of ?G¥ 2ai which is lute- 
olytic (from the fetoplacental tissue), resulting in a decline in 
plasma progesterone concentration* Withdrawal of the pro¬ 
gesterone blockade of pregnancy is a prerequisite for the 
normal course of canine parturition; bitches given long-acting 
progesterone during pregnancy fail to deliver. 1 Concurrent 
with the gradual decrease in plasma progesterone concentra¬ 
tion during the last 7 days before whelping, a progressive 
qualitative change occurs in uterine electrical activity. In addi¬ 
tion, a significant increase in uterine activity takes place 
during the last 24 hours before parturition with the final fall 
in plasma progesterone concentration to below 6 nmol/L 
(2 ng/mL}T H The change in the estrogen-to-progesterone 
ratio is probably a major cause of placental separation and 
cervical dilation, although in the dog, estrogens have not been 
unambiguously shown to increase before parturition as they 
do in many other species. Estrogens sensitize the myometrium 
to oxytocin, which in turn initiates strong contractions in the 
uterus when it is not under the influence of progesterone. 
Sensory receptors within the cervix and vagina are stimulated 
by the distention created by the fetus and the fluid-filled fetal 
membranes. This afferent stimulation is conveyed to the 
hypothalamus and results in release of oxytocin during 
second-stage labor. Afferents also participate in a spinal reflex 
arch with efferent stimulation of the abdominal musculature 
produce abdominal straining. Relaxin causes the pelvic soft 
tissues and genital tract to relax, which facilitates fetal pas¬ 
sage. In the pregnant bitch, this hormone is produced by both 
ovary and placenta, increasing gradually over the last two 
thirds of pregnancy. 15 Prolactin, the hormone responsible for 
lactation, starts to rise 3 to 4 weeks after ovulation and surges 
dramatically with the abrupt decline in serum progesterone 

just before parturition. 

Signs of impending Parturition 

Relaxation of the pelvic and abdominal musculature is a 
consistent but subtle indicator of impending parturition. The 
most consistent change is the drop in rectal temperature 
caused by the final abrupt decrease in progesterone concen¬ 
tration. The last week before parturition the rectal tempera- 

of the bitch fluctuates to drop sharply 8 to 24 hours 
before parturition and 10 to 14 hours after the concentration 
of progesterone in peripheral plasma has declined to less than 
6 nmol/L {2 ng/mL). 113 To properly assess the prepartum 
drop in body temperature, measurements should be made 
every l to 2 hours while the temperature decreases and less 
frequently when the temperature is seen to increase again. 
The drop in rectal temperature is individual but also may 


Hypoluteodism Inadequate progesterone production by 
the corpora lutea is a potential cause of fetal death and abor¬ 
tion in some species but has not unequivocally been proven to 
exist in the dog. A blood sample for progesterone taken at the 
time of an abortion often will show low concentration due to 
the luteolytic effects of the prostaglandin release during fetal 
expulsion; but, if repeated 1 week later, normal for stage levels 
of progesterone may be found. Any attempts at treating cases 
of imminent abortion with progestogens should only be done 

using a 

deliver 

concentrations of progesterone. 1 

Insulin Resistance 

The physiologic increased progesterone concentrations typical 
of diestrus or pregnancy stimulate growth hormone secretion, 
which in some individuals may cause down-regulation of 
insulin receptors and inhibition of postreceptor pathways. The 
condition is typically seen in middle-aged and older bitches that 
are pregnant or have recently been in estrus. The resulting type II 
diabetes is usually transient. Once blood progesterone concen¬ 
tration returns to anestrus levels and thus the stimulus for 
growth hormone secretion declines insulin resistance resolves, 
Insulin resistance should be suspected in a bitch with 
supranormal blood insulin concentrations in the presence of a 
normal or increased blood glucose concentration. 9 Treatment 
should be initiated to prevent permanent damage to the 
pancreas. A poor prognosis exists for the fetuses, which some¬ 
times become undernourished but sometimes instead grow 
excessively large (due to the excess in glucose), with a poor 
survival rate, in the bitch, acromegaly may develop as a result 
of excessive secretion of growth hormone by the progesterone- 
stimulated mammary gland. Edema, especially of the head, 
throat, and legs is seen in combination with excessive skin and 
wrinkling and an increase in interdental spaces. In advanced 

there may be a change of voice, getting coarse from the 
edema of the throat. The condition may become life threat¬ 
ening for the bitch, and it is often necessary to interrupt a 

p re gn ancy. 

Hypoglycemia 

Preparturient hypoglycemia in the bitch is rare. Some hypo¬ 
glycemic dogs may be incorrectly diagnosed as hypocalcemic 
because this is a more common condition and because they 
respond to treatment with calcium borogiuconate. Affected 
bitches have been reported to be in late gestation and have a 
short history of muscle weakness, convulsions, or collapse. 
Blood testing demonstrates the hypoglycemia, 10 " 12 The condi¬ 
tion improves dramatically after treatment with intravenous 
glucose solutions and resolves after parturition. 

Premature Labor 

Premature labor may have infectious causes, but can also 
occur in the clinically healthy bitch. Hypoluteoidism as a 

for premature uterine contractions has not been clearly 
demonstrated in the bitch. Short-acting progestational com¬ 
pounds may, however, be given in an attempt to maintain 
pregnancy. To adequately inhibit premature uterine con¬ 
tractions, tocolytic compounds such as terbutaline, a beta- 
adrenergic receptor antagonist, should also be administered 
orally or subcutaneously to effect and should be discontinued 
48 hours before the anticipated day of delivery. 


short-acting compound, because the bitch cannot 
a litter when under the influence of high 
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NORMAL PARTURITION 


Litter Size 

Litter size in dogs ranges from just one puppy in some of the 
miniature breeds to 15 or more in some of the giant breeds. 
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depend on body size. Thus in miniature breed bitches, it can 
tall to 35° C (95° F), in medium-sized bitches to around 36° C 
whereas it seldom falls below 37° C [96.8° F) in bitches of the 

giant breeds. This difference is probably an effect of the 
face area-to-body volume ratio. Several days before parturi¬ 
tion the bitch may become restless, seek seclusion, or become 
excessively attentive, and she may refuse all food. She may 
exhibit nesting behavior 12 to 24 hours before parturition, 
concomitant with increasing frequency and force of uterine 
tractions. Shivering may be an attempt to increase body temper¬ 
ature In piimiparous bitches, lactation may be established less 
than 24 hours before parturition, whereas after several 
cies colostrum can be detected 

Stages of Parturition 

Parturition is divided into three stages, with the last two stages 
being repeated for each puppy delivered. 

First Stage The duration of the first stage is usually 6 to 

12 hours, ft may last 36 hours, especially in a nervous primi- 

parous animal; however, for this to be considered normal, the 

rectal temperature must remain low. Vaginal relaxation and 

dilation of the cervix occur during this stage. Intermittent 

uterine contractions, with no signs of abdominal straining, are 

present. The bitch may appear uncomfortable, and the restless 

behavior may become more intense. Panting, tearing up and 

rearranging of bedding, shivering, and occasional vomiting 

may be seen. Some bitches show no behavioral evidence of 

first-stage labor. The inapparent uterine contractions increase 

both in frequency and intensity toward the end of the first 

stage. During pregnancy the orientation of the fetuses within 

the uterus is 50% heading caudally and 50% cranially, but this 

changes during first-stage labor when the fetus rotates on its 

long axis, extending its head, neck, and limbs, resulting in 60% 

to 70% of puppies being bom in anterior and 30% to 40% in 

posterior presentation, 16 17 The fluid-filled fetal membranes 

pushed ahead of the fetus by the uterine-propulsive 
efforts and dilate the 


2, Visible abdominal straining 

3. The rectal temperature returning to normal level 

If one or more of these signs have been observed, the bitch 
is in second-stage labor 

In normal labor the bitch may show weak and infrequent 
straining for up to 2, and at the most 4, hours before giving 
birth to the first fetus. If the bitch is showing strong, freque 
straining without producing a pup, this indicates the presence 
of some obstruction, and she should not be left for more than 
20 to 30 minutes before seeking veterinary advice. 

The bitch should be examined for the following reasons: 

If she has greenish discharge but no pup is bom within 

2 to 4 hours 

ft fetal fluid was passed more than 2 to 3 hours 
previously, but nothing more has happened 

If she has had weak, irregular straining for more than 
2 to 4 hours 

If she has had strong, regular straining for more than 

20 to 30 minutes 

If more than 2 to 4 hours have passed since the birth 
of the last puppy and 

[f she has been in second-stage labor for more than 
12 hours 


sur- 


nt 


con- 


pregnan- 
as early as I week prepartum. 


more remain 


Third Stage The third stage of parturition, expulsion of the 
placenta and shortening of the uterine horns, usually follows 
within 15 minutes of the delivery of each fetus. Two or three 
fetuses may, however, be bom before the passage of their 
placentas occurs, The bitch should be discouraged from eating 
more than one or two of the placentas because she may 
develop diarrhea and vomiting, with risk of aspiration pneu¬ 
monia, Lochia the greenish postpartum discharge of fetal 
fluids and placental remains) will be seen for up to 3 weeks 
or more but is most profuse during the first week. Uterine 
involution is normally completed after 12 to 15 weeks. 

The bitch should be examined for the following reasons: 

If all placentas have not been passed within 4 to 6 hours 
(although placental numbers may be difficult to 
determine because of the bitch eating them) 

If lochia are putrid or foul smelling 

There is continuing continuing severe genital 
hemorrhage 

If the rectal temperature is higher than 39.5° C (101.3° F) 

If the general condition of the bitch is abnormal 
[f the general condition of the puppies is abnormal 


are 


cervix. 


Second Stage The duration of the second stage is usually 3 to 
12 hours (in rare cases 24 hours). At the onset of second -stage 
labor the rectal temperature rises to normal or slightly above 
normal. The first fetus engages in the pelvic inlet, and the sub¬ 
sequent intense, expulsive uterine contractions 


are accompa¬ 
nied by abdominal straining* On entering the birth canal, the 

allantochorionic membrane may rupture and a discharge of 
some clear fluid may be noted. Covered by the amniotic mem¬ 
brane, the first fetus is usually delivered within 4 hours after 
onset of second-stage labor, Normally the bitch will break the 
membrane, lick the neonate intensively and sever the umbilical 
cord. At times the bitch will need some assistance to open the 
fetal membranes to allow the newborn to breathe, and some¬ 
times the airways will have to be emptied of fetal fluids. The 
umbilicus can be clamped with a pair of hemostats and ___ 
with a blunt scissors to minimize hemorrhage from the fetal 
vessels, leaving about 1 cm of the umbilicus. In case of contin¬ 
uing hemorrhage the umbilicus should be ligated. 


Interval Between Births 

Expulsion of the first fetus usually takes the longest. The 

interval between births in normal uncomplicated parturition 

is from 5 to 120 minutes. 16 )7 In almost 80% of cases the 

fetuses are delivered alternately from the two uterine horns. E& 

When giving birth to a large litter a bitch may stop straining 

and rest for more than 2 hours between the delivery of 

consecutive fetuses. The second-stage straining will then 

resume, followed again by the third stage, until all the fetuses 
are bom. 


two 


cut 


Completion of Parturition 

Parturition is usually completed within 6 hours after the onset 
of second-stage labor, but it may last up to J 2 hours. It should 
never be allowed to last for more than 24 hours because of the 
risks involved both for the bitch and the fetuses. 


Diagnosing second-stage labor It is crucial that the 

veterinarian is able to determine whether the bitch is in the 
second stage or still in first stage of labor. Inexperienced breed¬ 
ers tend to get nervous during a bitch’s first-stage labor, not 
fully understanding the function of this preparatory stage of 
parturition during which uterine contractions, the softening of 
the birth canal, and the opening of the cervix take place. 

Three signs indicate that the bitch has entered into second- 
stage labor: 

1. The passing of fetal fluids (first water bag [allantois}, 
bursts) 


DYSTOCIA 


Definition 

Dystocia is defined as difficult birth or the inability to expel 
the fetus through the birth canal without assistance. 
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estimating the number of fetuses and degree of distention of 
the uterus, should be carried out. Digital examination of the 
vagina using aseptic technique should be undertaken to detect 
obstructions and determine the presence and presentation of 
any fetus in the pelvic canal (Figure 248-1 )» In most bitches it 
is not possible to reach the cervix during first stage, but 
assessment of the degree of dilation and tone of the vagina may 

indication of the status of the cervix and the .(_ 

Pronounced tone of the anterior vagina may indicate 
satisfactory muscular activity in the uterus, whereas flaccidity 
may indicate uterine inertia.* 9 The character of the vaginal 
fluids also will indicate whether the cervix is dosed, with the 
production of scant fluid volume that is sticky creating a certain 
resistance to the introduction of a finger. The cervix is likely 

when fetal fluids lubricate the vagina, making the explo- 


Frequency 

Dystocia is a frequent problem in the dog. The true average 
incidence of dystocia in the bitch is probably below 5%, but it 

amount to almost 100% in some breeds of dogs, espe- 


may 

ially those of the achondroplastic type and those selected for 
large heads. 


ci 


an 


! I, 17,18 


tone of 


Clinical Assessment 

When a bitch with possible dystocia is examined, an accurate 
history and a thorough physical examination are important 
prerequisites for proper management. The three criteria for 
being in second-stage labor, namely (1) passage of fetal fluids 
(2) visible abdominal straining, and (3) temperature returned to 
normal, should be assessed. An evaluation of the bitch's general 
health status should be made and signs of any adverse effects of 
parturition noted. Observation should be made of the bitch's 
behavior and the character and frequency of straining, and the 
vulva and perineum should be examined, noting color and 

of vaginal discharge. Mammary gland development 
including congestion, distention, size, and presence of milk 
should be evaluated. Palpation of the abdomen, roughly 


give some 


■U-i 


I 


open 

ration easy. When the cervix is closed the vaginal walls also fit 
quite tightly around the exploring finger, whereas with an open 

cervix the cranial vagina palpates more open. 

Radiographic examination is valuable to assess gross abnor¬ 
malities of the maternal pelvis and number and location of 
fetuses, to estimate fetal size, and to detect congenital defects 
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Figure 248-1 71, Determination of the fetal disposition when 
the head has entered the vaginal can ah The bitch should be 
standing for this procedure. 1, Right wing of ilium; 2, rectum; 

3, lumen of vaginal vestibule; 4, right half of pubic symphysis; 

5, right wing of ischium; 6, right femur. B, 1 he index and middle 
fingers are used to guide the head and to exert moderate traction 
in a cranial presentation. C, Manual traction as applied in a 
caudal presentation. The fingers should be positioned proximal 
the hocks for best results. (From Shille VM: Diagnosis and 
management of dystocia in the bitch and queen. In: Rojjrab MJ 
[ed]; Current Techniques in Small Animal Surgery. Philadelphia, 

Lea & Febiger, 1983, p 338; used with permission.) 
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signs of fetal death. In the dead fetus, intrafetal gas will 
appear 6 hours after death and can be detected radiographi¬ 
cally whereas overlapping of cranial bones and collapse of the 
spinal column will not be seen until 48 hours have passed 
after the death of the fetus. Ultrasound examination will 
determine fetal viability or distress, with normal heart rate 
being ]80 to 240 beats per minute [bpm), decreasing in the 
compromised fetus. Some bitches brought to veterinarians for 
dystocia have already delivered all fetuses or were only pseu¬ 
dopregnant. Pseudopregnancy is most commonly diagnosed as 
lactation without pregnancy but it may include abdominal 
contractions, nesting behavior, and changes in personality that 

owner that the pet Is pregnant. 


or 


Table 248-1 


Causes of Dystocia in Bitches (182 Cases) 


FREQUENCY (%) 


Maternal causes 
Primary complete inertia 
Primary partial inertia 
Birth canal too narrow 
Uterine torsion 
Uterine prolapse 
Uterine strangulation 

Hydra llantois 

Vaginal septum formation 
Fetal causes 

Malpresentations 

Malformations 
Fetal oversize 

Fetal death 


75,3 


48.9 


23.1 


1.1 


1,1 


convince an 


Diagnosis 

The range of normal variations observed in dogs at parturition 
makes recognition of dystocia difficult, especially for the inexpe¬ 
rienced observer. The following criteria for dystocia may assist 
in making the diagnosis: 

* The rectal temperature has been down and returned 
normal with no signs of labor. 

* A green vulvar discharge is seen, but no fetuses have been 

delivered. [These discharges emanate from the marginal 

hematoma of the placentas and indicate that at least 

placenta is beginning to become separated from the 

maternal blood supply. They are normal once birth i 
underway.) 

* Fetal fluids were passed 2 to 3 hours earlier, but no signs 
of labor are noted. 

* Labor is absent for more than 2 hours or is weak and 
infrequent for more than 2 to 4 hours. 

* Strong and persistent nonproductive labor occurs for 
more than 20 to 30 minutes, 

* An obvious cause of dystocia is evident (e.g., pelvic 

fracture or a fetus stuck in the birth canal and partially 
visible). 

* Signs of toxemia {disturbed general condition, general 

edema, shock) are noted when parturition should be 
occurring. 

Recently systems for monitoring labor and delivery in the 
bitch have become commercially available [Veterinary 
Perinatal Services, Inc., Wheatridge, Colorado).These sys¬ 
tems are intended for use by veterinarians or by breeders at 
home with 


0.5 


0,5 


24.7 


15.4 


1.6 


to 


6.6 


1.1 


(From Darvelid AW, Linde-Forsberg C: Dystocia in the bitchy 

a retrospective study of 182 cases, J Small Anim Pract 35:402-407 
1994) 


one 


is 


absence of an obstruction. Secondary uterine inertia implies 
that some fetuses have been delivered and the remainder are 
in utero due to exhaustion of the uterine myometrium caused 

by obstruction of the birth canal; this condition should be dis¬ 
tinguished from primary inertia. 


Management In cases of primary uterine inertia, the 
owners should initially be instructed to try to induce straining 
by actively exercising the bitch, for instance, by running the 
dog around the house or up some stairs. A considerable 
number of puppies are bom in the car on the way to the vet¬ 
erinarian. Most of these would probably have been delivered 
in the calm and quiet of home had the owners tried to induce 
straining themselves, thereby giving the puppies a better start 
life and possibly also resulting in the whole litter being born 
without further intervention. Another means of induction of 
straining in the bitch with insufficient labor is by feathering of 
the dorsal vaginal walk Feathering is accomplished by insert¬ 
ing two fingers into the vagina and pushing or "walking 4 ' with 
them against the dorsal vaginal wall, thus inducing an episode 
of straining (the Ferguson reflex). Feathering can also be effec¬ 
tive in initiating labor after correction of the position or pos¬ 
ture of a fetus. Nervous voluntary inhibition of labor due 
psychologic stress may occur, mainly in a nervous primiparous 
animal. Reassurance by the owner or administration of a low- 
dose tranquilizer may remove the inhibition^ Once the first 
fetus is bom, parturition will usually proceed normally. 

The bitch with complete primary uterine inertia is usually 
bright and alert, has a normal rectal temperature, and has no 
evidence of labor. Fhe cervix is often dilated, and vaginal 
exploration is easy to perform owing to the presence of fetal 
fluids, but the fetus may be out of reach because of the flac¬ 
cid uterus. Before initiation of medical treatment of 
inertia, obstruction of the birth canal must be excluded. 

Calcium solutions and oxytocin are the drugs of choice in 
cases of uterine inertia. Oxytocin has a direct action on the rate 
of calcium influx into the myometrial cell, essential for myome- 
trial contraction. Many bitches do not respond to oxytocin alone 
but require prior administration of a calcium solution. Therefore 
some 10 minutes before the administration of oxytocin, 10% 
calcium borogluconate, 0.5 to 1.5 mlVkg body weight. 


in 


veterinary guidance. They consist of a uterine 

tocodynamometer and a fetal Doppler, Using this device the 

administration of calcium borogluconate and oxytocin can be 

monitored based on the individual uterine response of the 
bitch. 


Maternal Causes of Dystocia 

Traditionally, dystocia is classified as being of either maternal 
or fetal origin, or i 

248-2 and 248-3). 

Uterine Inertia Uterine inertia is by far the most common 

ot dystocia in dogs. It is classified into primary and 
secondary inertia. In primary inertia the uterus may fail to 
respond to the fetal signals because only one or two puppies 
exist, which provide insufficient stimulation to initiate labor 
[the single-puppy syndrome), or because of overstretching of 
the myometrium by large litters, excessive fetal fluids, or over¬ 
sized fetuses. Other causes of primary inertia may be an inher¬ 
ited predisposition, nutritional imbalance, fatty infiltration of 
the myometrium, age-related changes, deficiency in neuroen¬ 
docrine regulation, or systemic disease in the bitch. Primary 
complete uterine inertia is the failure of the uterus to begin 
labor at full term. Primary partial uterine inertia occurs when 
enough uterine activity exists to initiate parturition, but it is 
insufficient to complete a normal birth of all fetuses in the 


to 


a combination of both [Table 248-1; Fig 
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cause 
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Dystocia (fetal) 


i 


O ve rs ize 


Hormonal defect 


Death 


Postural defects 


• Corticosteroid 

deficiency 


Monstrosities 


Presentation 


* Hydrocephalus 

* Edema 

* Ascites 

* Duplications 


* Transverse or 
bi cornu ate 

• Simultaneous 


Position 


• Ventral 

* Lateral 


Posture 


* Hip-flexion (breech) 

* Lateral head deviation 

* Downward head 
deviation 


* Backward flexion of 


front legs 


Fkjui'C 248-3 Algorithm defining the various fetal causes for dystocia. 


should be given by slow intravenous infusion [1 mL/min) 
with careful monitoring of the heart rate The calcium can also 
be administered subcutaneously which eliminates the risk for 
arrhythmia but presents a small risk for granuloma formation 
at the injection site. Small breed bitches may be prone to 
hypoglycemia, particularly after prolonged straining. In such 
cases a dilute (10% to 20%) glucose solution can be added to 
the infusion or given intravenously in doses of 5 to 20 mL. 
The recommended dose of oxytocin for the bitch is 
1 to 5 IU given intravenously or 2.5 to 10 IU intramuscularly 
which can be repeated at 30-minute intervals. The response to 
treatment will be reduced with each repeated administration* 
Higher doses than recommended or too frequent administra¬ 
tion may result in prolonged contracture of the myometrium, 
preventing fetal expulsion and impeding uteroplacental blood 
flow. The disadvantages of oxytocin administration include 
a tendency to cause premature induction of placental separa¬ 
tion and cervical closure. If no response to treatment is seen 
after a second administration of oxytocin, the puppies should 
be delivered without further delay, either with the aid of 
obstetric forceps (if only one or two puppies remain and are 
within easy reach in the uterine corpus) or by cesarean section. 

The long-acting ergotamines should never be used in con¬ 
nection with parturition. The treatment regimen includes the 
following: 

• The owner runs with the bitch and feathers the vaginal 
vault. 


A 10% solution of calcium gluconate is given slowly intra¬ 
venously while carefully checking the bitch's heart rate. 
The bitch is given 30 minutes to respond to treatment* 

If straining begins, the treatment can be repeated if 
necessary or continued with oxytocin. 

If the calcium infusion has no effect within 30 minutes, 
oxytocin is given intravenously or intramuscularly. 

The bitch again is given 30 minutes to respond to treat¬ 
ment. If straining begins, the treatment can be repeated 

if necessary although each additional administration will 
elicit a weaker response. 

If nothing happens within 30 


minutes, it is not likely that 
further treatment will be successful. The fetuses should 

be delivered, either by forceps, if only one or two fetuses 

remain and are within easy reach, or by cesarean section. 


Obstruction of Birth Canal Obstruction of the birth canal 

may be of maternal or fetal origin. Some maternal causes for 
obstruction include: 

* Uterine torsion and uterine rupture. These are acute, life- 
threatening conditions -that 


occur during late preg¬ 
nancy or at the time of parturition. Sometimes a few' 

fetuses are bom before parturition stops, and the 

condition of the bitch may quickly deteriorate. Surgery is 

always required, and a quick diagnosis essential for survival, 

* Uterine inguinal herniation usually is detected around the 

fourth week of pregnancy as the fetal uterine enlargements 
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head and limbs, twisting, and rotating to get through- In most 
breeds the greatest bulk of the fetus lies in its abdominal 
cavity, whereas the bony parts (the head and the hips) 
comparatively small- The limbs are short and flexible and 
rarely cause serious obstruction to delivery in the normal¬ 
sized fetus. 


are growing and the contour of the abdomen is markedly 
abnormal. Sometimes the early stages may be mistaken 
for mastitis of the rear mammary glands. The condition is 
corrected by surgery, whereby the uterine horns are repo¬ 
sitioned and the herniation sutured. In cases with circula¬ 
tory disturbance and advanced tissue damage, the uterus 
will have to be removed, 

* Congenital malformations of the uterus (e,g,, partial or 

mplete aplasia or hypoplasia of one or both uterine 

horns or of the corpus uteri ) or the cervix are rare causes 
of maternal obstructive dystocia. Symptoms depend on 
the character and degree of the malformation. In cases of 
unilateral aplasia of an entire uterine horn, small litter 
size may be the only sign. Retained fetuses behind partial 
occlusions require surgery, and the final diagnosis is 
usually made during the operation. 

* Soft tissue abnormalities such as neoplasms, vaginal septa, 

fibrosis of the birth canal may cause obstructive 

dystocia. The prepartum relaxation of the vagina will 
often allow the passage of fetuses. Vaginal septa may 
consist of remnants from the fetal Mullerian duct system. 
However, they can also occur secondary to vaginal trauma 
infection and, if extensive, may prevent the passage of 
the fetuses. Often, however, they are not so extensive, and 
vaginal relaxation may allow the fetuses to pass. Cervical 
or vaginal fibrosis usually is secondary to trauma or 
inflammatory processes and in severe cases will cause dys¬ 
tocia. Surgical intervention may save the puppies. Tumors 
and septa formations may be removed; but in the case of 
fibrosis, surgery is seldom successful because of new scar 
tissue formation during the healing process, 

* Narrow pelvic canal causing obstructive dystocia may 
result from previous pelvic fractures, immaturity, or 
congenital malformation of the pelvis. The normal canine 
pelvis usually has a vertical diameter greater than the 
horizontal. Congenitally narrow birth canals exist in some 
brachycephalic and terrier breeds; in addition, their 
fetuses have comparatively large heads and wide shoul¬ 
ders, When achondroplasia exists, as in the Scottish 
terrier, dorsoventral flattening of the pelvis modifies the 
normal pelvic inlet, which creates a fetal obstruction. 

In a study using indirect pelvimetry, significant differences 

found between Scottish terrier bitches whelping 
normally compared with those with dystocia owing to a 
too narrow birth canal, confirming the dorsoflattening and 
also demonstrating a shortening of the pelvis in the 
bitches with dystocia. The weight of the puppies was the 
same in both groups, 17 Boston terrier bitches were also 
studied, and again a significandy greater inner pelvic 
height was found in the normally whelping bitches; 
however, in this breed the size of the puppies was also of 
importance because the weight of the pup was related 
with the size of its head. In the bulldog the large, deep 
chest and pronounced waist causes the gravid uterus to 
drop down. At parturition, the fetuses are therefore 
presented at a relatively acute angle to the pelvic inlet. 
Bulldogs sometimes also have slack abdominal musculature, 
leading to insufficient uterine contractions and abdominal 
straining to lift the fetus up into the pelvic cavity. 

Fetal Causes of Dystocia 

Fetal obstructions may be caused by malpresentations, malo¬ 
ti entations, or oversized fetuses as 

including hydrocephalus, edema, or various duplications 
(see Figure 248-3). Simply being oversized Ls a cause for 
alpresentation. Fetal death may result in dystocia due to 
malpositioning or inadequate stimulation for parturition to 
begin, A healthy fetus is active during expulsion, extending its 


are 


Oversized Fetuses A puppy weighing 4% to 5% of the 

weight of the bitch is considered the upper limit for an 
uncomplicated birth. In the absence of monstrosities, over¬ 
sized fetuses are often associated with small litter size. 

In breeds in which miniaturizing exists, great disparity in fetal 

some greatly oversized 


co 


size within litters may occur, with 
individuals. In brachy cephalic breeds like the Boston terrier, 
dystocia occurs from the combination of a flattened pelvic 
inlet and puppies having a large head. Obstructive dystocia 
was found to occur already at pup weights of 2.5% to 3.1% 
of the adult weight in these breeds. 18 In dystocia due to an 
oversized fetus, sometimes a portion of the fetus may pro¬ 
trude from the vulva. In anterior presentation the head may 
be bom and the shoulders and chest cause obstruction, 
whereas in posterior presentation the hind limbs and hips 
may protrude. 
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33 
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Posterior Presentation Posterior presentation is considered 
normal in dogs, occurring in 30% to 40% of fetal deliver¬ 
ies. HW 7 Posterior presentations have, however, been related 
both to higher pup mortality 17 and to a predisposition for 
dystocia, because mechanical dilation of the cervix may be 

inadequate, particularly where this involves the first fetus to 
be delivered. In addition, expulsion is rendered more difficult 
because the fetus is being delivered against the direction of 
its haircoat and because the fetal chest, instead of being 
compressed, becomes distended by the pressure from the 
abdominal organs through the diaphragm. Occasionally the 
fetus may have the elbows hooked around the pelvic brim, 
preventing further expulsion. Should the fetus become lodged 
in the pelvic canal, pressure on the umbilical vessels trapped 
between the fetal chest wall and maternal pelvic floor may 
cause hypoxia and reflex inhalation of fetal fluids. 

Breech Presentation Breech presentation (i.e., posterior 
presentation with hind legs flexed forward) can be a serious 
complication, especially in medium- and small-sized breeds. 
Vaginal exploration will reveal a tail tip, maybe the anus, and 
the bony structure of the pelvis of the fetus. 

iMteral or Doumward Deviation o f the Head These are 
two of the most common malposition in gs in the dog. Lateral 
deviation is most common with long-necked breeds such as 
rough collies, whereas downward deviation is seen in brachy- 
cephalic breeds and long-headed breeds such as Sealyham 
and Scottish terriers. In lateral deviation, vaginal exploration 
will demonstrate just one front leg, the one contralateral to 
the direction of the deviation of the head (i.e., when the 
head is deviated to the left, the right front paw will be found 
and vice versa). When the animal has a downward deviation 
of the head, either both front legs and sometimes the nape of 
the neck of the fetus can be palpated, or both front legs 
may be flexed backwards and only the scull of the fetus be 

reached. 

Backward Flexion of Front Legs This condition is espe¬ 
cially common when the fetus is weak or dead and is some¬ 
times seen in combination with deviation of the head, 
especially downward. For bitches of the larger or even 
medium-sized breeds, it may be possible to deliver a puppy 
with one or both front legs flexed. 
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transverse or Bicomual Presentation Sometimes a fetus, 

instead of progressing from the uterine horn through the 
cervix to the vagina, will proceed into the contralateral 
ine horn, possibly due to some obstruction. Another 
may be that the fetus was implanted close to the body of the 
uterus. These cases always require surgery, because 
bility for manual correction exists. 

Two Fetuses Presented Simultaneously Sometimes 

letus from each horn is presented at the same time, jamming 

the birth canal. When possible, if one is coming backwards, 

this one should be removed first, because it occupies more 
space. 


puppies in the litter are smaller or when just 
fetuses remain. The forceps is guided with a finger and 
introduced further than to the uterine body because of the 
risk oi getting part of the uterine wall within the grip, thereby 
causing serious damage. If the head of the fetus can be 
reached, the grip should be applied around the neck (P Sissons 
forceps) or across the cheeks. In posterior presentation the 
grip should be around the fetal pelvis. If the legs can be 
reached, the grip should be around those, not around the feet. 

Outcome of obstetric treatment A study 13 reporting 
treatment outcome shows that digital manipulation, including 
forceps delivery; medical treatment for dystocia, or both, is 
successful in only 27.6% of the cases. Around 65% of bitches 
brought to the clinic because of dystocia thus end up having 

a cesarean section. 

Fetal death increased from 5.8% in bitches brought in 

within 1 to 4.5 hours after the beginning of second-stage labor 

to 137% in the period between 5 to 24 hours. Overall fetal 

death was 22.3%, 13 Early diagnosis and prompt treatment is 

therefore crucial in reducing the puppy death rate in cases of 
dy stoci a. 

Criteria for Cesarean Section The indications for 
section include the following: 

* Complete primary uterine inertia that does not respond 
to medical treatment 

* Partial primary uterine inertia that is refractory to medical 
management 

* Secondary uterine inertia with inadequate resumption of 
labor 

* Abnormalities of the maternal pelvis or soft tissues of the 
birth canal 

* Relative fetal oversize, if considered likely to be repeated 
in several fetuses 

* Absolute oversize (single-puppy syndrome or fetal 
m onstrosity } 

* Excess or deficiency of fetal fluids 

* Fetal malposition unamendable to manipulation 

* Fetal death with putrefaction 

* Toxemia of pregnancy and illness of the bitch 

* Neglected dystocia 

* Prophylactic (history of previous difficult deliveries) 
Prophylactic cesarean section should be questioned on eth¬ 
ical grounds if it is performed to assist the propagation of a 

breed line that cannot reproduce successfully without inter- 
venti on. 

Once a decision has been made to deliver the litter by 

section, surgery should be carried out without delay. 
The bitch has often endured hours of more or less intensive 
labor and may be suffering from physical exhaustion, dehy¬ 
dration, acid-base disorders, hypotension, hypocalcemia, 
hypoglycemia, or a combination of these symptoms. The prog- 

for both bitch and offspring is good if surgery is per¬ 
formed within 12 hours after the onset of second-stage labor; 
it continues to be fairly good for the bitch after 12 hours but 

than 24 hours have passed 
after the onset of second-stage labor, the entire litter is usually 
dead and further delay compromises the life of the bitch. 


one or two 

never 


uter- 
reason 


no possi- 


one 


on 


Management of Fetal Malpresentations If a fetus is pre¬ 
sent in the birth canal, manipulation by hand or by obstetric 
forceps may be attempted. In bitches of the giant breeds it 
may even be possible to insert one hand through the vagina 
into the uterus and thus extract the puppy. During natural 
birth the puppy will almost make a full somersault, emerging 
from the loop of the uterine horn, progressing upwards to pass 
through the pelvic canal, and then moving down through the 
long vestibulum of the bitch to reach the vulva placed 
5 to 15 cm below the level of the pelvic floor. Thus after the 

fetus is seized, a gentle traction in posteroventral direction is 
applied. 

Fetal position must be assessed. If the fetus has advanced 
into and partly through the pelvic canal, it will create a char¬ 
acteristic bulge of the perineal region, below the tail. Easing 
the vulvar lips upward may reveal the amniotic sac and the 
position of the fetus. Vaginal exploration and radiographic 
examination will aid in making a diagnosis in the cases when 
the fetus has not advanced as far. 

The narrowest part of the birth canal is within the rigid 
pelvic girdle. If external manipulation is to be attempted, the 
fetus that cannot be easily pulled out may have to be pushed 
forward to in front of the pelvic girdle, where corrections of 
its position or posture are easier to perform. This should be 
done between periods of straining of the bitch, never working 
against the uterine contractions. It should also be remembered 
that the widest part of the pelvic girdle usually is on the diag¬ 
onal (see Figure 248-1); thus rotating the fetus 45 degrees 
may create sufficient room for passage. Generous application 
of obstetric lubricant (liquid paraffin, Vaseline®, or a sterile 
water-soluble lubricant) is helpful, especially if the bitch has 
been in second-stage labor for some time. 

Depending on the position and posture of the fetus, a grip 
should be applied around its head and neck, from above 
below whichever is most convenient, around its pelvis, 

around the legs. Care should be taken because the neck and 
limbs of the fetus are easily tom when pulled. Correction of 
posture may be obtained by manipulation of the fetus 
through the abdominal wall with one hand and concurrent 
transvaginal manipulation with the other. A finger may be 
introduced into the mouth of the fetus to help correct a 
downward deviation of the head. Should it be 
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necessary to 

change the postures of the limbs, a finger should be inserted 

past the elbow or knee and the limb moved medially in under 
the fetus and corrected. 

A gently applied alternating right-to-left traction of the 

puppy, gently rocking it back and forth or from side to side 

and possibly twisting it to a diagonal position within the 

pelvis, will help free the shoulders or the hips one at a time. 

A slight pressure applied over the perineal bulge may prevent 

the fetus from sliding back into the uterus again between 
strainings. 

Obstetric forceps should only be used for assisted traction 
of a relatively oversized fetus when it is likely the rest of the 


guarded for the fetuses. If more 


POSTPARTURIENT CONDITIONS 


It is normal for the bitch to have a slightly elevated rectal tem¬ 
perature, up to 39.2° C (102.56° F), for a couple of days after 
parturition. It should, however, not exceed 39.5° C (103.1° F), 

Fever during this period usually emanates from conditions of 
the uterus or the mammary glands. 
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(CBC) often shows leukocytosis with a left shift. Therapy 
consists of immediate administration of intravenous fluids and 
antibiotics and evacuation of uterine contents. The latter 
may be accomplished by administering oxytocin or FGF 2 a. 
One high-dose regimen exists for administration of PGF 
(0.1 to 0,25 mg/kg subcutaneously once or twice daily for 

3 to 8 days) and one low-dose regimen (0.025 to 0.05 mg/kg 
subcutaneously six to eight times daily for 2 to 3 days). 
The high-dose alternative may cause adverse reactions such 
as abdominal pain and increases in pulse rate, respiratory 
rate, and salivary secretions. These reactions appear within 
10 minutes of administration and normally disappear again 
after 30 minutes to 1 hour. It should be remembered, how- 

that the prostaglandins are not licensed for use in dogs. 


Perinatal toss 

Based on a number of surveys, pup losses up to weaning age 
appear to range between 10% and 35% 17<M,Z * and averages 
around 12%.^ 4 More than 65% of pup mortality occurs at 
parturition and during the first week of life; few neonatal 
deaths occur after 3 weeks of age. Inbreeding is said to be 
associated with a high incidence of fetal and neonatal mortal¬ 
ity. Breed differences in pup mortality patterns have been 
reported. 17 The principal cause of pup mortality has been 
attributed to fetal asphyxia, accounting for 42.5% of the total 
mortality. The majority of these pups (82.2%) died during 
whelping or in the first 24 hours after birth. The death of just 

half of these pups could be directly attributed to dysto¬ 
cia. The remaining pups were compromised during what 
appeared to be a normal whelping. 

Uterine Disorders 

Hemorrhage Some hemorrhage from the genital tract after 
parturition is normal, but maternal blood loss should never 
exceed a scant drip from the vulva. True hemorrhage should 
be distinguished from normal vaginal postparturient dis¬ 
charge. Excessive hemorrhage after parturition may indicate 
uterine or vaginal tearing or vessel rupture or may be evidence 
of a coagulation defect. The hematocrit should be checked, 
remembering that 30% is normal for the bitch at term. 
Inspection of the vulva and vagina should be performed in an 
attempt to locate the source of the bleeding. Oxytocin can be 
administered to promote uterine involution and contraction 
of the uterine 'walk In more severe cases of uterine hemor¬ 
rhage, an exploratory laparotomy may be necessary. The bitch 
should be monitored closely for signs of impending shock, and 
blood transfusion may be required while attempting to deter¬ 
mine the cause of hemorrhage. 

Retained Placentas and Fetuses Retained placentas in 
the bitch may cause severe problems, especially when accom¬ 
panied by retained fetuses or infection. Clinical signs of 
retained placenta include a thick dark vaginal discharge. 
Retained fetuses can be identified by palpation or radio- 
graphic or ultrasonographic examination. The examination 
should also encompass the corpus uteri and the vagina in 
search for partly expelled fetuses or fetal membranes. 
A retained placenta is often palpable in the uterus, depending 
on the size of the bitch and degree of uterine involution. 
Extraction of retained tissue, by careful "milking'' of the uter¬ 
ine horn or by using forceps, is sometimes possible. Treatment 
with 1 to 5 1U oxytocin per dog subcutaneously or intramus¬ 
cularly two to four times daily for up to 3 days can help 
expulsion of retained placentas. The long-acting ergot alka¬ 
loids should not be used because they may cause closure of 
the cervix. Antibiotic treatment is advisable if the bitch is 
showing signs of illness. 

Acute Metritis Acute metritis is an ascending bacterial 
infection of the uterus in the immediate postpartum period. 
Dystocia, obstetric manipulation, retained fetuses or placental 
membranes, or parturition in an unsanitary environment 
predispose to metritis. Metritis may rarely occur after normal 
parturition, natural or artificial insemination, or an abortion. 
Infection usually ascends through an open cervix and is often 
caused by gram-negative bacteria. Clinical signs include fever, 
dehydration, depression, anorexia, poor lactation and mother¬ 
ing, and a purulent or sanguinopurulent vaginal discharge. 
A doughy enlarged uterus may be palpated abdominally. 
Abdominal radiographic or ultrasonographic examination (or 
both) is indicated to evaluate the uterine size and uterine con¬ 
tents. A vaginal culture is recommended. Vaginal cytology will 
show large numbers of degenerate neutrophils, red blood cells 
(RBCs), bacteria, and debris. The complete blood count 
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ever, 

in more severe cases, ovariohysterectomy (OHE) is the rec¬ 
ommended treatment. 
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Subinvolution of Placental Sites In the postparturient 
period it is normal for the bitch to have a serosanguineous 
vaginal discharge for 3 to 6 weeks. Normally the uterine invo¬ 
lution is completed within 12 weeks after whelping. 
Subinvolution of placental sites is suspected if a sanguineous 
vaginal discharge persists for longer than 6 weeks (Figure 
248-4). The cause of this condition is unknown, and the bitch 
often shows no symptoms of illness. Vaginal cytology shows 
predominantly RBCs r with syncytial troph oblast-1 ike cells 
being a useful confirmatory finding. Subinvolution of pla¬ 
cental sites almost exclusively affects the young, primiparous 
animal, and in the majority of cases resolves spontaneously, 
with the prognosis for future pregnancy being good. Because 
of increased risk of anemia, secondary bacterial infection, or 
rupture of the affected placental sites with subsequent 
peritonitis, the bitch should be monitored until the disorder 

resolves. OHE is indicated in rare cases of profound permanent 
bleeding or uterine infection. 

Uterine Rupture Uterine rupture should be considered a 
possible but uncommon cause of illness in the postparturient 
period. Uterine rupture can occur when prostaglandins or 
oxytocin have been administered for induction of abortion or 
treatment of pyometra, metritis, or dystocia. The condition 
may occur as a result of dystocia or during an apparently 
normal parturition or may be due to injury occurring in late 
pregnancy. The clinical signs of uterine rupture include 
abdominal pain and distention and a rapid deterioration of 
the condition of the bitch. The diagnosis is confirmed by 
exploratory laparotomy, and OHE is the usual treatment 
combined with intravenous fluids and antibiotic therapy. 










Uterine prolapse is an uncommon 


Uterine Prolapse 

complication during parturition. It occurs in primiparous and 
multiparous bitches. The prolapse usually occurs immediately 
within a few hours after delivery of the last pup. The pro¬ 
lapse can be complete, with both uterine horns protruding 
from the vulva, or may be limited to the uterine body and 

horn. Treatments include manual reposition, reposition 


or 


one 

by means of laparotomy, and amputation. OHE is usually 
performed. 


The toxic milk syndrome is poorly 


Toxic Milk Syndrome 
documented. Pathologic conditions in the uterus of the bitch 
may cause toxins to be excreted in the milk. Suckling off¬ 
spring that are affected by toxic milk syndrome become vocal 
and uncomfortable. Other signs are diarrhea, salivation, bloat¬ 
ing, and a reddened anus. Treatment consists of removing the 
pups from the bitch and the administration of fluid therapy 
and oral glucose until bloating resolves. If the bitch is success¬ 
fully treated for the uterine condition, the Utter can be returned 
after 24 to 48 hours, otherwise hand rearing is necessary. 
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Figure 24S-4 A t Subinvolution of the placental sites. In the unopened left uterine hom the typi¬ 
cal oval swellings of the placental areas can be observed, in the opened bom, the plaeenration 
zones and the hemorrhage emanating Irom those areas can be seen. B f A hystographic picture of 
a b itch with s ubin vol u Li o n of the pi a ten t a f sit es t 4 m ont hs aftc r w h el pi ng „ The p l a cen ta ti on zon cs 
arc seen as darker areas. Normal uterine involution is completed widiin 12 weeks in the bitch. 


Mammary Gland Disorders 

Agalactia Agalactia, or absence of milk after parturition, 
may be due to a failure of milk production or milk letdown 
True agalactia, failure of milk production, is uncommon but 
may occur repeatedly in some bitches. More commonly it may 
be observed after premature parturitions or cesarean sections, 
Treatment with metodopramide 1 to 5 mg/kg subcutaneously 

or per orally every 6 to 8 hours for a maximum of 5 days may 
promote prolactin release and milk production in these cases. 
Failure of milk letdown may occur as a consequence of exces¬ 
sive secretion of 
which has a blocking effect upon the release of oxytocin. 
Oxytocin 0.5 to 2,0 IU per dose can be administered repeat¬ 
edly for a few days until milk flow has been established. 
Primiparous, nervous, or confused bitches may experience 
temporary agalactia. Reassurance by the owner and adminis¬ 
tration oT low doses of acepromazme orally may Kelp the 
bitch to settle down, and subsequent suckling by the puppies 
will enhance milk flow, Other causes of agalactia are physical 
exhaustion* undernourishment, shock, mastitis, metritis, 
systemic infections, and endocrine imbalances* 

Galactostasis M i lk st a sis (i, e., gal ac tostasis) c a u se$ en l arge d 
and edematous mammary glands that are firm and warm to 
the touch. The bitch shows signs of discomfort and pain and 
fails to let down milk. The condition should be dif ferentiated 


from mastitis and agalactia. The cause is unknown in dogs, 
but it usually involves the two most caudal pairs of mammae 
in bitches with a high milk production, with few puppies, 
or with both. It can also occur in glands with malformed teats, 
which the offspring avoid suckling. Another cause can be that 
nursing comes to an abrupt end owing to death of the litter or 
sudden weaning. To relieve mammary congestion the owner 
can apply gentle massage and warm-w^ater compresses to the 
mammary glands or perform careful milking to relieve some 
of the pressure. Sometimes it helps to put more aggressively 
nursing neonates to the bitch. Treatment includes reducing 
food intake and the administration of a mild diuretic. 
Neglected galactostasis may lead to mastitis or involution of 
the mammary gland. Cabergoline (Galastop vet.}, a dopamine 
agonist, at 2.5 to 5 jig/kg/day orally for 4 to 6 days, reduces 
prolactin secretion and thereby lactation. The use of 
dopamine agonists should be restricted to bitches that have 
either lost their litter or have a litter old enough to be weaned* 


resulting from fright or pain, 


Acute Mastitis Acute mastitis in the bitch occurs from 


hematogenously spread bacterial infections or from bacteria 
ascending through the teat orifices. Predisposing factors 
include mammary gland congestion, trauma, and poor sanitary 
conditions. The mammary glands become hot, painful, and 
enlarged; the milk shows increased viscosity and changes in 

on the amount of 


color from yellow to brown, depending 
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If the litter is 4 weeks old or more, it is advisable to wean 
them. Oral supplementation of the lactating bitch having 
experienced eclampsia with calcium carbonate at 100 mg/kg 
body weight per day divided with meak and vitamin D is rec¬ 
ommended Prophylactic calcium treatment during the course 
of pregnancy of bitches expected to develop eclampsia prob¬ 
ably is contraindicated, because it may cause a disturbance of 

the calcium homeostasis. 


blood and purulent exudate present Clinical signs include 
fever, anorexia T and depression in the bitch.The offspring may 
be restless and crying. Milk cytology reveals the presence of 
degenerate neutrophils, RBCs, and bacteria Culture of the 
milk often shows growth of Staphylococcus spp*, Streptococcus 
spp., or Escherichia coli. Treatment consists of adequate antibi¬ 
otics, application oi warm-water compresses, and massage ol 
mammary glands. If abscessation of the glands occurs, surgical 
debridement and drainage is essential. Untreated acute masti¬ 
tis may result in gangrenous mastitis and septic shock. 
Depending on the severity of the condition, the litter may stay 
with the bitch or has to be separated and hand reared. 


Disturbances in Maternal Behavior Maternal behavior 
involves hereditary factors, several hormones (e g , estrogens, 
progesterone, oxytocin, and prolactin), previous experiences 

mother, and the stimulus oi the neonate* Good maternal 
behavior includes nest building, nursing, and protecting. 1 he 
period during which the bitch will form a bond with a pup is 
probably less than 24 hours The bitch should spend most ol 
the time with the litter for at least the first 2 weeks. Most 
bitches have strong maternal instincts, but their behavior 
depends strongly upon their hormonal balance, general 
health, and the environment. In some breeds a higher occur- 

of bad mothering exists, and in other species several 
genes for maternal behavior have been identified. Sublimation 
(be,, dose emotional attachment to a human) may cause 
problems at parturition, when the bitch may manifest panic 
and reject her pups.- 1 On the contrary, a bitch may resent 
human intervention, not accepting assisted birthing and 
cesarean-delivered offspring, and may sometimes even kill 
them. Major disturbing factors during and after parturition, 
mental instability, or pain may cause the mother to kill her 

Hypocalcemia should always be ruled out in cases of 

Good health, quiet and famil- 
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Miscellaneous Disorders 

Puerperal Tetany An acute decrease in extracellular 

calcium concentration 
(eclampsia). Eclampsia occurs most commonly in dogs of the 

small breeds, usually within the first 21 days after whelping, 
but occasionally during late pregnancy or at parturition. Early 
signs are restlessness, panting, pacing, whining, salivation, 
tremors, and stiffness, The symptoms aggravate to clonic-tonic 
muscle spasms, fever, tachycardia, miosis, seizures, and death. 
Treatment must be instigated immediately and consists of 

slow intravenous infusion of a 
solution. The dose required varies depending on the degree 
of hypocalcemia and the size of the hitch. Careful cardiac 
monitoring for bradycardia and arrhythmias is important. 
If arrhythmia or vomiting occurs, the infusion must be 
temporarily halted and then, if necessary, resumed at a slower 
rate. Because hypoglycemia may follow hypocalcemia, the 

administration of a 10% dextrose solution is 


is the cause of puerperal tetany 
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aggression in lactating bitches, 
tar surroundings, and most important of all, presence ol her 

young will promote normal maternal behavior. 


intraveno us 

recommended* The puppies should be removed from the 
bitch and hand fed a canine milk replacer for 24 hours. 
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Early Spay and Neuter 


Margaret V, Root Kustritz 


benefit from socialization in the new home. Breeders may also 
benefit from the procedure, which allows placement of 
neutered pet-qualitv puppies and kittens while still young, 
precluding indiscriminate breeding of animals that do not 
meet the breed standard or that carry hereditary disorders. 

In one survey 57% of humane shelters surveyed could not 
provide young puppies and kittens that already had been 
neutered because of unavailability of a veterinarian to per¬ 
form the surgeries. 2 In 1998 only 48% of 29 North American 
veterinary colleges responding to a survey reported teaching 
rly spay and neuter surgeries to their students despite 90% 
having a working relationship with a local humane organiza¬ 
tion, 2 Students polled at a university after completing a rota¬ 
tion in which early spay and neuter surgeries were performed 
stated that performance of early spay and neuter surgeries 


rep liberal gonadectomy is castration or ovariohysterec- 

kitlens 6 to 14 weeks of age. 


P 


tomy of puppies or 

Performance of neutering of dogs and cats at the more 
traditional age of 6 months usually also occurs before puberty 
the term early spay anti neuter is perhaps more correct. 
Early spay and neuter surgeries have been performed at 
humane organizations and universities in at least 17 states for 
many as 13 years. The procedure is approved by many 
major veterinary professional and humane organizations, 
including the American Veterinary' Medical Association. 1 

Surgical neutering of young puppies and kittens is of great¬ 
est advantage to humane organizations, because it circum¬ 
vents the problem of noncompliance by adopters with spay 
and neuter agreements after adoption. It also permits place¬ 
ment of neutered animals while they are still young enough to 
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increased their confidence in performing pediatric surgery and 
anesthesia in general. 3 

Pediatric anesthesia is complicated by the immature phys¬ 
iology and small body mass of the animals. 4 Hypothermia 

readily in puppies and kittens. Fluids used for surgical 
preparation should be warm and water based as opposed to 
alcohol based. The animal should be maintained on a circu¬ 
lating warm-water pad, and anesthesia and surgery time 
should be minimized to prevent heat loss. Intravenous fluids 
to be administered intraoperatively also should be warmed. 

Hypoglycemia occurs more readily in pediatric than in 
adult animals because of reduced glycogen stores in skeletal 
muscle and liver and slower rates of hepatic glu coneogenes is 
and glycogenolysis. Pediatric animals should be fasted for 
more than 3 to 4 hours before anesthesia is induced. Dextrose 
may be provided in the intravenous fluids intraoperatively. 

Pharmacokinetics of drugs administered are altered by 
immature pediatric renal and hepatic physiology, which do 
not approach adult levels until the animal is 12 to 14 weeks 
of age, 4 The overall effect of these physiologic changes is 
increased availability of anesthetic agents for a longer period 
ol time due to decreased metabolization and slower rate of 
excretion; drug doses may need to be reduced in pediatric 

animals. 


the tunic is opened, have been described. 5 -* Fine absorbable 
suture or hemostatic dips may be used for ligation of the sper¬ 
matic cord and vessels. Closure is routine. Either subcuticular 
closure with absorbable suture or external interrupted or con¬ 
tinuous nonabsorbable sutures may be used; external skin 
sutures have not been repotted to bother puppies castrated 
prepuberally unless they are too tight. 9 Some reports exist of 
tissue glue used for skin closure after early spay and neuter 
surgeries, but this is not reported to work well in puppies. 

Castration in kittens is performed as in adult cats, 6 Bilateral 
scrotal incisions are made. Both closed techniques, in which the 

spermatic cord and vessels within the tunic were either 
ligated or tied on itself and 

spermatic cord and vessels were tied to each other, have been 

described. The scrotal incisions are left open to heal by second 
intention. 


occurs 
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an 


no 


Ovariohysterectomy of puppies and kittens is as in adult 
animals. Serous fluid in the abdominal cavity is a not infre¬ 
quent finding and is not associated with any known pathol¬ 
ogy. 5 ^ Use of ovariohysterectomy (Snook) hooks is not 
recommended. 9 Carmalt clamps, with ridges perpendicular to 
the tissue enclosed within them, may be preferred to 
mosquito clamps for compression of the small ovarian vessels 
and uterine body. 7 Fine absorbable suture material or hemo¬ 
static clips may be used for ligation of the ovarian vessels and 
uterine body. Closure is routine. Subcuticular or external 
sutures may be used for closure of the skin. 

Surgery time should be shorter for early spay and neuter 
surgeries than for similar surgery in older animals. 10 The ani¬ 
mals recover quickly from anesthesia and should be fed a 
small meal as soon 


Anesthetic equipment should be of 


size that minimizes 
resistance and dead space, 56 Masks should be tight fitting. 

Monitoring of anesthesia involves close observation of heart 
and respiratory rates. Pediatric animals cannot respond 
hypoxia with increased stroke volume and do not respond 
readily to increased concentrations of carbon dioxide in blood 
with an increase in respiratory rate, 7 

Several anesthetic protocols for early spay and neuter of 
puppies and kittens have been reported.The optimal reported 
protocols, defined as those that minimized induction and 
recovery times and provided the smoothest induction and 
recovery and best depth of sedation, are listed in Table 249-1 A 6 

Surgical procedures are as in older animals. 5 ^ 9 This is an 
elective procedure and should only be performed on those 
animals that are in good health, are free of internal and exter¬ 
nal parasites, and are vaccinated. General principles of surgery 
on pediatric animals should be observed. These include gentle 
tissue handling, decreasing surgery time to minimize intraop¬ 
erative hypothermia, and maintaining meticulous hemostasis. 

Castration in puppies is performed as in adult dogs. Both 
testes are removed through a single prescrotal incision. Both a 
dosed technique, in which the tunic containing the spermatic 
cord and vessels are left intact, and an open technique, in which 


to 


as possible to prevent hypoglycemia. 
Postoperative pain can be controlled by administration of 
butorphanol (0.11 to 0,22 mg/kg intravenously, intramuscu¬ 
larly, or subcutaneously); 

operative pain management. External skin sutures can be 
re m oved in 10 to 14 da ys. 

It is recommended that all puppies and kittens gonadec- 
tomized prior to 16 weeks of age be tattooed to prevent 
unnecessary surgical exploration to verify intact status later in 
life. Tattoos are recommended to be Vz to 3 A inches in diame¬ 
ter, and should be placed in the prepubic area of females and 
the inguinal area of males; the preferred figure is the <H male 
"female” symbol with an x across it (Figure 249-1). 

A growing body of veterinary literature supports the safety 
of early spay and neuter surgeries. Short- and long-term 
plications hypothesized to occur include increased anesthetic 
and surgical morbidity and mortality, increased prevalence of 


most animals do not require post- 


10 


or 


com- 


Table ° 249-1 


Optimal Anesthetic Regimens for Early Spay and Neuter Surgeries in Puppies and Kittens* 

PUPPIES 


KITTENS 


Moles 


Premed 


Atropine (0.04 mg/kg IM) + oxymorphone 
(Q + 22 mg/kg IM) 

Propofol (6.5 mg/kg IV) 

Isoflurane as needed 

Atropine (0,04 mg/kg IM) + oxymorphone 
(0.11 mg/kg IV) 

Propofol (4.3 mg/kg IV) 


Pre m ed 


Induction 

Inhalant 
Females Premed 


Induction 

Inhalant 

P reme d 


Trletamine/zolazepam (11 mg/kg IM) 
Isoflurane os needed 


Induction 


Induction 


Ketamine HCI (11 mg/kg IM) + midazolam 
(0.22 mg/kg IM) 

Isoflurane 


Inhalant 


isoflurane 


Inhalant 


Faggelk AM, Aronsohn MG: Evaluation of anesthetic protocols for neutering 6- to 14-week-old pups. J Am Vet Med Assoc 205:308-314, 
1994; Faggella AM, Aronsohn MG: Anesthetic techniques for neutering 6- to 14-week-old kittens. J Am Vet Med Assoc 202:56-62 1993 
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animals at an older age- In cats, those neutered at either 
7 weeks or 7 months of age had higher body weights and body 
condition scores and a larger falciform tat pad than did those 
left intact when evaluated at 24 months of age, 14 ^ Metabolic 
rate has been demonstrated to be decreased in gonadec- 
tomized cats, regardless of age at time of surgery. 

Stunting of growth does not occur in animals gonadec¬ 
tomized when quite young. Closure of physeal plates is 
delayed in puppies and kittens gonadectomized at any time 
prior to puberty with subsequent increase in bone length. 131417 
Some question whether the delay in physeal closure may 
predispose these animals to growth plate fractures; no such 

correlation has been demonstrated* 18 

Feline lower urinary tract disease (FLUTD) has not been 
demonstrated to be more prevalent in cats gonadectomized 
when young* Urethral diameter is not significantly smaller or 
larger in male or female cats gonadectomized at either 
7 weeks or 7 months of age, compared with intact cats at 22 

to 24 months of age. 

Behavior problems have not been demonstrated to be more 
prevalent in animals gonadectomized when quite young. 
In addition, these animals are not less likely to be retained in 
homes after adoption than animals gonadectomized when 
older. 111230 Service dogs neutered at 7 weeks of age are 
equally likely as dogs neutered at 7 months of age to be 

successfully trained and placed. 

Estrogen-responsive urinary incontinence has not been 
demonstrated to occur more commonly in animals gonadec¬ 
tomized when young. Estrogen-responsive urinary inconti¬ 
nence is, in fact, less commonly seen within 3 years of surgery 
in female dogs ovariohysterectomized before their first estms 
than in female dogs ovariohysterectomized after their first 
estrus, with incidences of 9,7% and 2G.1%, respectively, 22 * 23 

Early spay and neuter surgeries are safe and easy to per¬ 
form. Performance of early spay and neuter surgeries allows 
veterinarians to sharpen their general skills regarding pediatric 
anesthesia and surgery and to provide a service to the humane 
organizations in their community and to the community 
at large. 


Figure 249-1 Tattoo symbols recommended for placement in 

of female puppies and kittens and inguinal area 


16 


the prepubic area 
of male puppies and kittens after early spay and neuter. 


infectious disease, obesity, stunting of growth, increased 
incidence of feline lower urinary tract disease, behavioral 
problems, and estrogen-responsive urinary incontinence. 

Short-term complications of anesthesia and surgery do not 
occur more commonly in animals neutered when young com¬ 
pared with those neutered when older One study evaluating 
short-term effects of ovariohysterectomy and castration in 

1213 dogs and 775 cats on which surgery was performed at 
less than 12 weeks, 12 to 24 weeks, or more than 24 weeks of 

age demonstrated that the short-term complication rate was 
highest in the group neutered at more than 24 weeks of age. 10 

Long-term complications of neutering also are not more 
common in animals undergoing early spay or neuter than in 
those animals neutered at more traditional ages, with the 
possible exception of predisposition to infectious disease in 
puppies* 11 12 In one study, incidence of parvovirus was higher 
dogs neutered at less than 24 weeks of age compared with 
those neutered at more than 24 weeks of age* 32 This may have 
been due to the shelter from which the dogs originated, which 
had an overall higher incidence of parvovirus in young dogs 

than the other shelters in that study. 

Obesity' is a multifactorial problem. Retrospective studies 
have identified neutering as a risk Factor for development of 
obesity* However, a study in dogs did not demonstrate an 
increase in body weight, food intake, or depth of back fat in 
those animals gonadectomized either at 7 weeks or 7 months 
of age, compared with those left intact. 13 That study was 
concluded when the animals were 15 months of age; predis¬ 
position to obesity may have become evident in the neutered 
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temporary sterility have been investigated but are not yet 

client will request that an unwanted 


ontraception, or the prevention of pregnancy or estrus, 
is one of the most frequent requests made to veterinar¬ 
ians. Most often that request is for ova nohysterectomy 
(OHE), or spay in the female or neutering (castration) in the 
male, which results m permanent sterilization. In addition to 
OHE, a permanent sterilization method is ovariectomy. 
Temporary estrus prevention has been achieved using several 
different drugs such as megestroi acetate, mibol crone, and 
testosterone* Immunologic methods to induce permanent or 


C 


perfected. Often 
pregnancy be terminated. Pharmaceuticals such as estrogens, 
prostaglandin, prolactin inhibitors, dexamethasone, anti- 

combinations thereof have been used 


progestogens, or 
successfully in clinical situations to terminate pregnancy 
(Table 250-1). This chapter will present the most common 
techniques and drugs, including drug availability and drug 
cost at the time of writing, that are readily available. 
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it normally would have been. It is recommended that the drug 
not be used during the first estrous cycle and that not more 
than two consecutive estrous cycles be suppressed. Side 
effects include increased appetite, weight gain, and (uncom¬ 
monly) pyometra or mammary neoplasia. However, the drug 
is contraindicated in bitches with mammary neoplasia, dia¬ 
betes mellitus, liver disease, uterine disease, or pregnancy. 
Apparently, it has no effect on post-treatment fertility. 
Ironically, the drug is not approved for breeding bitches, 

Mibolerone was marketed as Cheque drops and is an 
androgen that blocks LH release, therefore preventing estrus. 
It is advised not to administer it before the first estrous cycle, 
because it will cause premature physeal closure. Treatment 
must be started at least 30 days before the next anticipated 
estrous cycle at an oral dose of 30 |ig/day for dogs 0,5 to 
\ 2 kg, 60 pg/day for dogs 12 to 30 kg, 120 |ig/day for dogs 25 

to 50 kg, and 120 pg/day for dogs greater than 50 kg or 
German shepherd dogs. The manufacturer has approved 
administration For a maximum of 24 months, but the drug has 
been administered experimentally as long as 43 months with¬ 
out apparently causing problems. Hie next estrous cycle after 
stopping treatment will reportedly occur in 7 to 200 days (i.e., 
unpredictable) with normal fertility. If pregnancy does occur 
during treatment, any female pups will be masculinized. Side 
effects of mibolereone include clitoral hypertrophy, vaginal 
discharge, vaginitis, aggressiveness, anal gland inspissations, 
musky body odor, and epiphora. It is also not recommended 
for breeding bitches. 

Many Greyhound breeders may use testosterone to sup¬ 
press estrus. Orally, methyl testosterone at 5 mg/wk (or 
divided, two times/wk) or parenteral testosterone propionate 
at a dose of 25 mg intramuscularly in the pectorals every 
2 weeks prevents estrus. Clitoral hypertrophy or vaginal 
discharge may be side effects. 

Many experimental methods such as antibody formation 
against GnRH 7 to prevent estrus or antibody formation 
against conception specific zona pellucida antigens 8 have been 
investigated; however, none have been consistently successful 
and none have been marketed. 

Nothing that is effective for causing temporary infertility 
in the male is available. However, administration of leuprolide 
acetate (a GnRH agonist that down-regulates LH and there¬ 
fore lowers testosterone concentrations) at a single dose of 
1.0 mgAg subcutaneously suppressed sperm production in 
8 weeks and then persisted for 6 weeks. 9 The effects did 
reverse, leaving the hope that a drug may be available to cause 
temporary sterility in males. 


Techniques using drugs that are not available or in formula¬ 
tions not readily available in the United States will not be 
presented. 


CANINE 


Permanent Sterilization 

Female The most common contraceptive techniques in the 
dog are OHE for the female and neutering for the male. 
Advantages of OHE include permanent sterilization and 
prevention of estrual behavior, no remaining reproductive 
tract to incur future pathology, reduced incidence of mam¬ 
mary neoplasia in females, and decreased incidence of some 
prostatic disease in the male. Disadvantages include perma¬ 
nent sterilization, potential anesthetic complications (4.1% 
during OHE 1 ), Lntra- and postoperative surgical complications 
(7.3% for OHE 2 ), pathology of reproductive tract remnants, 
urinary incontinence in the female, and obesity. Clients should 
be advised about side effects such as obesity and urinary 
incontinence. Although more females become obese after sur¬ 
gical sterilization than males, the causes of obesity are many 
and cannot be attributed solely to gonadectomy Urinary 
incontinence exacerbated by low estrogen is a common side 
effect of gonadectomy in the bitch. The exact cause is 
unknown. The advantages and disadvantages of early spay and 
neuter are covered in Chapter 249. Although OHE is the 

most common technique used for permanent female steriliza¬ 
tion in the United States, it has been shown that the long-term 
side effects associated with only performing ovariectomy are 
no different than when OHE is performed. 3 3 The advantages 
of performing ovariectomy include shorter surgery time, a 
smaller incision, and less abdominal trauma. Perhaps North 
American veterinarians should contemplate the advantages of 
ovariectomy over OHE. Tubal ligation, although rendering a 
female sterile, will not alleviate estrus and its associated 
unwanted behavior or reduce the incidence of mammary 
neoplasia. 

Male Neutering males is the most common technique 
available to consistently render males per mane ndy sterile. 
Performing a vasectomy is uncommon. An attempt at intra- 
testicular injections of glycerol to render males permanently 
sterile was not successful. s An intratestieular injection of zinc 
gluconate neutralized with arginine is now marketed as 
Neutersol. The company claims 99,6% effectiveness (with the 
need for anesthesia in only about 24% of dogs) when admin¬ 
istered to puppies 2 to 10 months of age. 6 














PREGNANCY TERMINATION 


TEMPORARY CONTRACEPTIVE TECHNIQUES 


Bitch 

Only valued breeding animals should have pregnancy termi¬ 
nated in an effort to preserve future fertility. All other dogs 
should have an OHE performed to end the pregnancy. Drugs 
that can be administered during estrus to prevent pregnancy 
include estrogens and tamoxifen. It a request for pregnancy 
termination is made for a valued breeding animal, it must be 
decided if the bitch was actually in estrus and mated. A vagi¬ 
nal cytology examination will quickly determine if the bitch is 
in estrus. If the vaginal cytology slide is 90% to 100% comi- 
fied, the bitch is in estrus; and if the vaginal cytology slide does 
not contain comified cells, the bitch is not in estrus (the bitch 
may have progressed into diestrus). Mating can be confirmed 
by the presence of sperm cells in the vaginal cytology; how¬ 
ever, if no sperm cells are present in the vaginal cytology it 
cannot he assumed that the bitch was not mated. Sperm cells 
normally are not evident more than 24 hours after mating 
when doing routine vaginal cytology examinations. All bitches 


Before temporary contraceptive drugs are used, the client 
should be advised that only valuable breeding dogs should be 
left reproductively intact. Most dogs should have gonadec- 
tomies performed to sterilize them and remove sexual behav¬ 
ior. The most commonly available drugs to prevent estrus 
or pregnancy are megestrol acetate, mibolerone, and testos¬ 
terone. Megestrol acetate has been marketed as Ovaban. 
To prevent estrus, the clinician should administer 0.5 mg/kg 
for 32 days starting at least 1 week before the next anticipated 
estrous cycle. The manufacturer approves a maximum of 
32 days treatment. The next estrus will be in 4 to 5 months if 
estrus was imminent. If given during diestrus (for example, 
the client did not know the estrual stage) the next estrous 
cycle will occur at the regularly anticipated time. To stop 
estrus when the bitch is in the first 3 days of proestrus, the 
manufacturer recommends administering 2 mg/kg/d ay tor 
8 days. The next estrous cycle will be 4 to 6 weeks earlier than 
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mated within 24 hours of obtaining a vaginal smear had sperm 
heads in the sample, and 75% that were mated within 
48 hours had sperm heads when the vaginal cytology was pre¬ 
pared in the following manner™ A cotton swab moistened 
with saline is placed in the vagina for 1 minute, and then the 
tip of die swab is placed in a small tube containing 0.5 ml 
saline for 10 minutes. After 10 minutes the swab tip is 
squeezed dry into the tube and the fluid in the tube is cen¬ 
trifuged at 2000 x g for 10 minutes. The sediment is then 
stained using the same technique as a vaginal cytology 

Few alternatives exist if the client insists on a therapeutic 
procedure being performed when the bitch is in estrus before 
a pregnancy examination is performed. The only true mismate 
drugs available for this time period are the estrogens. The 
estrogens commonly used for mismate include estradiol cypi- 
onate (ECP} ? estradiol benzoate, and diethylstilbestrol (DES). 
The administration of DES is not effective as a mismate ther- 
apy." Estradiol benzoate when administered at 0.01 mg/kg 
intramuscularly at 3 and 5 days (and occasionally 7 days} after 
mating in 358 bitches resulted in 16 (4.5%) of the'bitches 

actually whelping. 12 None of the bitches had bone marrow 

aplasia reported, but there was a 7.3% incidence of pyometra 
reported (the ''normal" incidence was reported to be 2% to 
10% in the study}. 12 Using ECP at a dose of 44 |ig/kg one time 
during estrus resulted in no (0/4} bitches becoming pregnant, 
no pyometras, and no evidence of aplastic anemia at 25 days 
after treatment. 11 Estrogens must only be used during cyto- 
logic estrus and the owner must be warned of potential side 
effects. If estrogens are administered during diestrus by 
take, or because it is assumed that one must wait 3 to 5 days 
after mating for administration, then the potential for induc¬ 
ing a pyometra rises considerably. 11 Reports of infertility after 
estrogen administration 13 are not documented, and in practice 

situations it is common to see a bitch become pregnant again 
during the next estrus. 

The only other drug that can be used at the time of 
mismate presentation is tamoxifen citrate (Taxol Bristol- 
Meyers. Squibb, New York, NY.}. Tamoxifen citrate is nor¬ 
mally considered to be an antiestrogen, but in dogs it has 
estrogenic activity. It has been administered at a dose of 
1 mg/kg orally twice a day for 10 days starting either in 
proestrus, estrus, or the second, fifteenth, and thirtieth days of 
diestrus. h The drug had a 100% (12/12} efficacy for prevent¬ 
ing pregnancy when administration began before the fifteenth 
day of diestrus, but when administered on the fifteenth day of 

c-j Stn ]'r ° r f ' l WaS n0t e ^ ective at preventing pregnancy. 
Side effects of the drug included pyometra, endometritis, and 

cystic ovaries when administered during all stages of the estrous 

qrcle except early diestrus. Half (2/4} of the bitches receiving 

the drug during proestrus developed pyometra. M Because of 

the poor efficacy and side effects, tamoxifen citrate has not 

been widely used or accepted as a mismate drug in the dog. 

If the client decides to pursue alternative therapies other 

than OHE 


The most common therapies to terminate pregnancy rely 
on luteal demise, because the bitch requires an ovarian luteal 
progesterone source to maintain pregnancy, Luteolysis results 
in a decline in serum progesterone and when serum proges¬ 
terone drops below 2 ng/mL for 24 hours, abortion occurs. 15 

Many clinicians 15 ' 18 have shown prostaglandins to be lute- 
oiytic in the bitch. The most 


common prostaglandin is the 
natural prostaglandin (PGF 2a ; Lutalyse, Pfizer, New York, NY]. 

A single dose of prostaglandin will not result in luteolysis in 
the dog. Side effects of prostaglandin therapy include vomit- 

ing and diarrhea, but these only last about 30 minutes and 
tend to wane as the treatment protocol continues. However, it 
is recommended by some authors that bitches should be hos¬ 
pitalized for the duration of the treatment 19 or for at least 
30 minutes after each treatment. To minimize caloric loss it 
is best to feed the bitches at least 1 hour after treatment so 
that the food is not vomited and lost on a daily basis. The nat- 

ural PGF 2« is given at a dose of 0.1 to 0.25 mg/kg adminis¬ 
tered subcutaneously two to three times a day. A protocol 
found to have the fewest side effects is PGF 2a administered at 
a dose of 0.1 mg/kg subcutaneously every 8 hours for 2 days 
and then 0.2 mg/kg subcutaneously every 8 hours until 
abortion is complete. 1 5 Abortion is usually complete within 
9 days, 15 but some bitches will abort fetuses and still have live 
fetuses after 9 days, ft is extremely important to continue the 
treatments until abortion is complete and to use ultrasound 
examination to ensure that all the fetuses are expelled 
Bitches have had normal litters after abortion with PGF^ 19 
The main drawbacks to using PGF 2fl are the side effects md 
the duration of treatment. Prostaglandins have not been 
approved for inducing abortion in the bitch, so it is important 
to obtain client consent and forewarn them of the potential 
complications, prolonged treatments, and need for multiple 
abdominal ultrasound examinations that need to be performed. 
Because of the side effects of the natural prostaglandins, 

potent synthetic prostaglandins, with fewer side effects 
developed. 

Synthetic prostaglandins have also been used to induce abor¬ 
tion in the bitch. Synthetic prostaglandins available for the 
bovine include cloprostenol, fluprostenol, and alfaprostol. 
These synthetic prostaglandins have a much greater affinity for 
the prostaglandin receptors and have a longer half life tha 
oral prostaglandins. The synthetic prostaglandins also cause 
fewer smooth muscle contractions, therefore reducing side 
effects, it is important to note that the dose of the synthetic 

prostaglandins is much lower than that of the natural 
prostaglandin and that 


mis- 


, we re 


n nat- 


error in dose calculation may be fatal, 
Cloprostenol has been used at a dose of 1 to 2.5 pg/kg subcu¬ 
taneously once daily for 4 to 5 days and was 100% effective at 
inducing abortion after a 4 to 7-day treatment regimen. 29 The 
o nce-daily treatments of cloprostenol provide an advantage 
over treatments with natural prostaglandin, which are required 
every 8 hours. At the low dose of 1 pg/kg, the side effects of 
cloprostenol were noted to be minimal to none. 20 

In an attempt to alleviate any side effects associated with 
prostaglandin administration, other drugs have been added 
to the treatment regime. These include atropine sulphate at a 

dose of 0.025 mg/kg, prifinium bromide at a dose of 0.1 mL/kg, 
and metopimazine at a subcutaneous dose of 0.5 mg/kg. 21 
Administration 15 minutes before a 2.5 p/kg dose ofdo- 
prostenol given every 48 hours for three doses prevented side 
effects in 58% (39/67} of the bitches. 21 After one cloprostenol 
treatment, 53 of the 67 bitches had aborted, and after a second 
treatment 2 days later, 62 of the 67 bitches had aborted. 

Other drugs that cause serum progesterone to decline are 
the dopaminergic drugs, which are prolactin inhibitors. Because 
prolactin is luteotropic during the second half of gestation, 
lowering the prolactin concentration will cause luteal demise 
and result in a pregnancy loss. Prolactin inhibitors currendy 


an 


or estrogens, it is important to have a pregnancy 
examination performed before instituting therapy, because 
38% of bitches presented for elective pregnancy termination 
may not actually be pregnant. 15 The pregnancy examination 
should be performed at least 30 to 40 days after the possible 
breeding to minimize a false-negative diagnosis caused by an 
error in calculating the gestation duration from a mating that 
occurred early in estrus. Pregnancy diagnosis with ultrasound 
is reliable 25 days after the LH peak (19 days after the first 
day of diestrus). If a bitch is truly not pregnant, the expense, 
side effects, and any potential risks associated with 


f pregnancy 

termination therapy can be avoided (albeit the expense of the 

pregnancy examination will be incurred). If the bitch is preg¬ 
nant, the owners may elect to allow the bitch to have that 
litter and avoid any complications associated with 
termination. 


22 


pregnancy 
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available include bromocriptine (Parlodel, Sandaz, Bloomfield, 
CO) and cabergoline (Dostinex, Pfizer, New York, NY). 

Bromocriptine administered orally at a dose of 62.5 pg/kg 
twice daily to dogs at 43 to 45 days postovulation resulted in 
only two of four bitches aborting. 23 Side effects included two 
episodes of emesis in three of the bitches approximately 
3 hours after treatment. Loose stools were also noted. 
Bromocriptine tabs can be crushed and dissolved in oil to ease 
dosing (because the compound is inactivated by water). 
Bromocriptine as a sole ahortifacient does not appear to be 
a good choice in the bitch. It is more commonly used in 
combination with a prostaglandin product. 

Cabergoline administered after 40 days of gestation at 
60 pg orally once daily given to a 32 kg German shepherd 
dog, resulted in abortion after 7 days with no side effects. 24 
In contrast to Europe, only an oral 0,5 mg tablet of cabergo¬ 
line is available in the United States. Cabergoline may be 
difficult to administer because the tablets are 0,5 mg and the 
dose for a 10 kg dog is only 0,05 mg. An oral solution, much 
like that done with bromocriptine, could be formulated. 
Expense may be a factor with this drug. 


mesylate (15 to 30 pg/kg orally every 12 hours) and dino- 
prost tromethamine (0.1 to 0.2 mg/kg subcutaneously every 
24 hours), or bromocriptine mesylate (15 to 30 pg/kg orally 
every 12 hours) and cloprostenol sodium (1 pg/kg subcuta¬ 
neously every 48 hours! resulted in 100% success in inducing 
abortion in 25 bitches. 27 Side effects included pseudopregnancy 
and a mucoid sanguineous vulvar discharge for 3 to 10 days. 

In an attempt to shorten the treatment period required to 
induce abortion with PGF 


combination therapy with 
injectable PGF 2a and intravaginal PGE1 (misoprostol) has 
been used. 2 ® Prostaglandin was administered at a dose of 
0.1 mg/kg subcutaneously three times a day for 2 days and 
then at a dose of 0.2 mg/kg subcutaneously three times a day 
to effect. Misoprostol (Cytotec, Pharmacia, Peapaek, New 
Jersey) was administered at a dose of 1 to 3 pg/kg, deposited 
into the cranial vaginal vault once daily using a cat pilling 
device The mean time to complete abortion in nine bitches 
using this combination was 5 days, as compared with a mean 
of 7 days previously reported for complete abortion induced 
with PGF Z[I as a sole agent. 


la* 








OTHER DRUGS 




COMBINED STUDIES 




Drugs that have been investigated but are not commonly used 
to induce abortion in practice situations include isoquinolones, 
progesterone receptor antagonists, progesterone synthesis 
inhibitors, and progesterone blockers The anti progesterone 
compound mifepristone (Mifeprix, Danco, New York, NY), 
more commonly known as RU 486 or RU 38486 for its use in 

preventing human pregnancies, works by preventing the pro¬ 
gesterone binding to uterine progesterone receptors and 
therefore preventing the action of progesterone from occur¬ 
ring. Oral administration of mifepristone at a dose 2.5 mg/kg 
twice daily for 4,5 days starting at the thirty-second day of 
gestation resulted in 100% f5/5) of the bitches having a 

decline in progesterone 2 days after treatment started and 
pregnancy loss with no side effects around 3 days after treat¬ 
ment initiation, 29 Four pregnancies were terminated in bitches 
that were at 35 to 39 days gestation using oral mifepristone. 30 
Doses as low as 8.3 mg/kg and up to 20 mg/kg were adminis¬ 
tered orally for one or two treatments and abortion occurred 

within 2 to 11 days. 30 Mifepristone is available as a 200 mg 
tablet in the United States but is not labeled to terminate 
pregnancy in the bitch. Expense may be a factor. 

Aglepristone (Alizine) is another progesterone blocker that 
is available in France, Norway, and Sweden but not the United 
States to terminate pregnancy in the bitch. Two doses of 
10 mg/kg given subcutaneously 24 hours apart from day zero 
to the twenty-fifth day or on the twenty-sixth day to the 
forty-fifth day after mating caused uncomplicated abortions 

within 7 days in 100% (35/35) and 95.7% (66/69) of bitches, 

respectively. 31 If the bitch was in midpregnancy, a brown 
mucoid vaginal discharge was seen 24 hours before fetal 
expulsion. Other side effects included slight depression, tran¬ 
sitory anorexia, and mammary gland congestion. A clinical 
trial using 124 bitches had similar effects, and fetal resorption 
occurred within 7 days with no subsequent reproductive 
effects noted. 32 In a subsequent study using the same dose at 
the thirtieth day of gestation, all (5/5) bitches aborted with no 
apparent side effects other than a slight mucoid discharge 
I week after administration. 33 A single bitch was bred and 
became pregnant after treatment. 

Epostane inhibits steroid synthesis by inhibition of 3p- 
hydroxysteroid dehydrogenase and A5-4 isomerase, thereby 
preventing progesterone synthesis. 34 Epostane was 100% 
(23/23) effective at preventing whelping (compared with a 
100% whelping rate for controls) when administered orally 
for 7 days at doses of 50 or 300 mg (given to beagle bitches 


In an effort to reduce the side effects and increase the efficacy 
of prostaglandins and prolactin inhibitors, a combination of 
the two has been used. 25 Cloprostenol at 1,0 or 2.5 pg/kg/ 
day injected subcutaneously in combination with cabergoline 
at a dose of 1.65 pg/kg/day subcutaneously daily for 5 days 
from midgestation was 100% effective (5/5), and side effects 
were less severe than with cloprostenol alone. In the group 
treated with the low dose, no adverse side effects were noted. 25 

Oral cabergoline at a dose of 5 pg/kg/day given until 
2 days after fetal death (mean: 9 days) combined with do- 
prostenol at a dose of 1 p/kg every other day until fetal death 
(mean: 3 injections) starting at 25 days after the LH peak 
resulted in 100% (5/5) of bitches resorbing fetuses. 26 Fetal 

death was documented with ultrasound. There were no side 
effects of treatment when the cabergoline was administered 
I hour after the cloprostenol, but the bitches did have a 
serosanguineous discharge that lasted an average of 16 days. 

Combinations of cabergoline, bromocriptine, and cloprostenol 
have been used 26 and include treatments of cabergoline 
administered orally for 10 days at a dose of 5 pg/kg combined 
with a single subcutaneous injection of 2,5 pg/kg cloprostenol 
at the start of the treatment; cabergoline administered orally 
for 10 days at a dose of 5 pg/kg combined with two subcuta¬ 
neous doses of 1 pg/kg cloprostenol administered on the 
twenty-eighth and thirty-second day after the LH surge; 
bromocriptine administered orally at a dose of 30 pg/kg three 
times a day for 10 days plus a single subcutaneous dose of 
2.5 pg/kg cloprostenol; bromocriptine at a dose of 30 pg/kg 
three times a day for 10 days plus two doses of 1 pg/kg 
cloprostenol. These combinations were administered to 
groups of five bitches starting at 28 days after the LH surge, 
and treatment was successful at inducing fetal resorption 
without overt abortion in all bitches except one that was 
administered the cabergoline and 1 pg/kg cloprostenol on the 
twenty-eighth and thirty-second day after the LH surge. Some 
bitches that resorbed litters had red cells, neutrophils, and 
cellular debris in the vaginal cytology smears for 4 to 21 days 
after treatment. All treated bitches did become pregnant on 
the subsequent estrous cycle, which occurred sooner than 
normally anticipated. The side effects of treatment included 
those commonly seen with prostaglandin when the high dose 
of cloprostenol was used, but the signs were not seen when 
the lower dose of cloprostenol was administered. 26 Using 
either a combination of increasing amounts of bromocriptine 
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weighing about 10 kg) starting the first day of diestrus, 34 No 
side effects were seen, and subsequent fertility was not 
affected because 94.8% (127/134) of all the bitches treated 
conceived on the next estrous cycle. 34 E post an e is not avail¬ 
able in the United States. 


effects of OHE or ovariectomy on the queen. Toms are most 
commonly castrated; however, interest in sterilizing feral cats 
has led to some research on baited oral contraceptives. 
No intra testicular injections are approved for cats. 

Termination of Pregnancy 

The request for mismating or aborting queens is not common. 
Many of the same drugs can be used for mismate in cats as are 
used in dogs; however, the list is not nearly as inclusive. 
Pregnancy in the cat has similar aspects as the dog, in that the 
ovaries and corpora lutea are needed throughout pregnancy. 

Any drug altering luteal function will cause a queen to abort. 
The same strategy for determining pregnancy and the value of 
OHE can be used in the queen as in the bitch. The following 

drugs have been investigated for mismate in the queen. 

Estrogen 

Estrogen can be used shortly after copulation if an unwanted 
breeding was observed. Estradiol cypionate at a dose of 250 pg 
intramuscularly administered 6 days after coitus retarded 
embryo transport in the oviduct and also retarded ova 

development. 37 A single dose of 0.125 to 0.25 mg/cat of 
ECP given intramuscularly 40 hours after coitus has been sug¬ 
gested as an effective mismating regimen; however, no data 

is available on its efficacy. 3 ® Administration of ECP has 

the same potentially serious side effects in the queen as in the 
bitch (such as pyometra or aplastic anemia); however, the 
incidence is apparently less than the low incidence seen in 
the bitch. 


DEXAMETHASONE 


Two recent studies have been done using two different dose 
regimens of oral dexamethasone from 30 to 50 days of gesta¬ 
tion. 35 36 The most effective dose regimen was the administra¬ 
tion of oral dexamethasone using a 10-day dose schedule as 

follows: 0.2 mg/kg twice a day for 7 days, 0.16 mg/kg in the 
morning of the eighth day, 0.12 mg/kg in the evening of the 
eighth day, 0.08 mg/kg in the morning of the ninth day, 0.04 
mg/kg in the evening of the ninth day, and 0.02 mg/kg the 
morning of the tenth day. A 10-day dose regimen was more 
effective than a shorter 7.5-day dose regimen in terminating 
pregnancies. At the author's institution a dose of 0.2 mg/kg 
twice a day for 10 days is used, with no tapering of the dose. 
The author and colleagues have observed no more than the 
anticipated side effects from not tapering the dose. 

The initial fetal deaths with dexamethasone treatment w r ere 
5 to 9 days after initiation of the treatment; however, live 
fetuses were seen as long as 8 to 12 days after treatment 
started. 35 Pregnancies less than 40 days of gestation generally 
had no fetuses expelled, and the majority had no external signs 
of pregnancy loss. 36 - 35 A mild vaginal discharge was seen in only 
about 20% (26/75) of the bitches that resorbed fetuses. 
Abortion or resorption was generally complete 10 to 23 days 
after the treatment was initiated. 35 It is imperative that the 
pregnancy be re-examined with ultrasound and the drug con¬ 
tinued until fetal death is noted. The treatment may fail if a 
treatment regimen is followed without checking for fetal loss. 
Although the exact mechanism of action is not known, dex- 
amethasone may have a iuteolytic effect. In the few bitches 
that had progesterone measured, the progesterone concentra¬ 
tion fell to less than 1 ng/mL by the fourth day after treatment 
was initiated. If the initial treatment fails, a second treatment 
regimen may cause abortion, but most bitches treated a second 
time carried puppies to term. 35 Clinical failures have occurred 
using the recommended 10-day dose regimen. In the case of 
clinical failure, it may be advisable to treat with prostaglandin. 
The main side effects of dexamethasone treatment include 
polydipsia and polyuria, 36 35 The polydipsia and polyuria usu¬ 
ally began around 2 to 3 days after treatment started and were 
maximal 4 to 5 days later. The side effects generally subsided 
3 to 4 days after the termination of treatment. Polydipsia and 
polyuria are not serious side effects but may be undesirable 
for dogs housed indoors in colder climates. 

Successful pregnancies were obtained in 18 of 20 bitches 
bred during the first estrus after treatment and 2 of 2 onthe 
second estrus. Therefore dexamethasone treatment appears to 
have no deleterious effects on future pregnancies and oral 
dexamethasone appears to be a safe, efficacious abortifacient 
in the bitch. Because dexamethasone is so readily available, 
inexpensive, has relatively minor side effects reported, does 
not require hospitalization, and is effective, it is the method 
recommended. Although not the ideal drug, it offers the most 
advantages of the ideal mismate drug when compared with all 
the other products available. 
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Prostaglandin 

Recent research investigating the period in gestation at which 
prostaglandin is most successful at inducing abortion in the 
queen confirmed that greater than or equal to 40 days appears 
to be a critical time for effectiveness. 39 Prostaglandin adminis¬ 
tration at doses associated with acceptable side effects before 
that time does not induce luteolysis, Despite the apparent 
resistance to abortion seen in other studies before the fortieth 
day of gestation, daily administration of 2 mg/cat PGF 
subcutaneously for 5 days resulted in 100% (3/3) abortion 
when administered from the thirty-third day after mating. 
However, queens exhibited nausea, vomiting, diarrhea, and 
prostration starting 10 minutes after treatment and continu¬ 
ing for an hour. All queens aborted fetuses within 6 days. This 
success before the fortieth day of gestation may be related to 
the timing of gestation from coitus. It is more difficult to mea¬ 
sure the exact length of gestation in the queen compared with 
the dog, because estrus lasts about 8 days, regardless of the day 
of coitus. A subcutaneous dose of 0.2 mg/kg PGFj^ given 
twice the first day, followed by 0,5 mg/kg twice daily for up 
to 5 days was given to four queens at 30 days of gestation and 
four queens at 45 days of gestation. 39 One of four queens at 
30 days aborted, whereas 75% (3/4) of queens at 45 days 

aborted. Queens that aborted had progesterone values less 
than TO ng/mL, therefore verifying the eventual Iuteolytic 
effect of the prostaglandin. 

Prolactin Inhibitors 

Oral cabergoline at a dose of 5 to 15 pg/kg administered to 
feral cats 36 to 40 days of pregnancy for 4 to 9 days caused 
abortion in all (41/41) queens. 41 Combinations of prolactin 
inhibitors and prostaglandin have also been used to terminate 
pregnancy in the queen. 42 Cabergoline was administered 
orally at a daily dose of 5 Jig/kg, and cloprostenol was admin¬ 
istered subcutaneously every 2 days at a dose of 5 pg/kg 
starting at the thirtieth day after coitus. All (5/5) queens 
aborted after an average of 9 days of treatments. No side 
effects were seen, and queens that were bred subsequently 
became pregnant. 


2a 


40 


QUEEN 


Permanent Sterilization 

The same techniques applied to the canine can be applied to 
the feline, however much less information is available on the 
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SUMMARY 


efficacy, convenience, compliance in treatment, side effects, 
and cost. As with most treatment regimens, familiarity with 
one treatment sometimes overrides using a superior method. 
It is therefore important to he aware of the most current 
literature available regarding protocols. 


Managing a mismate or pregnancy termination must be dis¬ 
cussed with the client. Not using drugs and performing an 
OHE is usually the best alternative. If drugs are to be used, 
their use must be discussed with the client regarding safety, 


CHAPTER 251 


Cystic Endometrial Hyperplasia and Pyometra 


Margaret V. Root Kustritz 


INTRODUCTION 


dogs with CEH-pyometraJ 213 The progesterone-dominated 

uterus is more susceptible to proliferative and inflammatory 
changes, as has been demonstrated in studies in which uterine 
biopsies, scarification of the endometrium, or infusion of bac¬ 
teria from bitches with pyometra into the uterus of healthy 
bitches were performed during the luteal phase. 37 

Another hormone that may be involved is insulin-like 
growth factor I (IGF-I). It has been demonstrated that the 
number of receptors for mitogenic IGF-I is higher in the 
uterus of bitches with pyometra than in normal bitches. 18 
Serum concentration of p rostagl an din metabolites also has 
been demonstrated to be elevated in bitches with pyometra; 
significance of this is unknown. 1& 

Cats are considered to be induced (reflex) ovulators. 
However, a relatively high incidence of uterine disease in cats 
housed alone or with no exposure to an intact tom cat has 
promoted research that has documented apparent sponta¬ 
neous ovulation to occur in as many as 39% to 40% of 
queens. 20 - 22 A tentative diagnosis of pyometra should not be 
discounted in queens with no known history of coitus. 

Administration of exogenous hormones, especially estro¬ 
gens (diethylstilbestrol [DES], estradiol cypionate [ECP]} and 
progestins (megestrol acetate, medroxyprogesterone acetate), 
may hasten development of CEH and subsequent pyometra 
in bitches and queens. 18 ' 23 ' 24 In one study of eight dogs with 
CEH-pyometra at the uncommonly young age of less than 
3 years, six of eight had received exogenous ECP or megestrol 
acetate in the previous 6 months. 

Secondary bacterial infection is the next step in the patho¬ 
genesis of pyometra in bitches and queens. CEH can occur 
independent of infection or may be associated with formation 
of sterile intrauterine fluid (hydrometra or mucometxa), 25 ' 26 
The most common bacterial organism isolated from the 
infected uterus of bitches and queens is Escherichia coU 4 > 15 ' 20 ^ 7 
The biotype of E, coii associated with pyometra in a given 
bitch or queen has been identified to be virtually identical in 
most cases to that animal's biotype of fecal £. coif 28 ' 29 Other 
organisms that may be isolated include Staphylococcus spp,, 
Streptococcus spp., Proteus mirabihs, and Pseudomonas aeruginosa. 4 

The development of pyometra in bitches and queens tran¬ 
spires thus: (1) development of CEH over repeated cycles; 
(2) movement of normal vaginal bacterial flora into the uterus 
during proestrus and estrus 30 ; (3) functional closure of the 


Pyometra is a chronic disease process with acute manifesta¬ 
tion most commonly observed during the luteal phase of the 
estrous cycle, within 8 weeks of standing heat or ovulation 
induction. 3 - 2 Pyometra (from Greek, literally, "pus in the uterus") 
occurs when bacteria colonize a uterus with progressive 
hormone-mediated cystic hyperplasia of the endometrium. 
An inflammatory component is present, but the term pyome¬ 
tra is preferred to other published terms including pyometri¬ 
tis, catarrhal endometritis, and chronic cystic endometritis. 2 ^ 
At no time should pyometra be confused with postpartum 

metritis, 25 

Incidence of pyometra in dogs and cats in the United 
States is poorly described, largely because the majority of 
bitches and queens are spayed relatively early in life in the 
United States, Many fewer bitches and queens undergo elec¬ 
tive ovariohysterectomy (OHE) in European countries. It was 
reported in a Swedish study that 23% to 24% of bitches 
develop pyometra by 10 years of age. 6 


PATHOGENESIS 


Pyometra has a two-step pathogenesis. The primary insult is 
development of cystic endometrial hyperplasia (CEH). The 
secondary insult is bacterial infection. A recent publication 
attempting to separate pyometra from CEH was unable to 
demonstrate independent development of the two entities in 
clinically ill bitches. 7 

CEH is 


24 


hormone-dependent change that develops 
after repeated estrous cycles in the bitch or queen. This 
histopathologic change can be induced experimentally with 
administration of either estrogen or progesterone, with 
progesterone having a greater effect. 0 ' 10 Experimentally, the 
condition develops most quickly if progesterone is adminis¬ 
tered after priming with estrogen, as occurs during the spon¬ 
taneous estrous cycle in bitches and in queens induced to 
ovulate. 10 Dogs that develop pyometra have not been demon¬ 
strated to have higher endogenous serum progesterone con¬ 
centrations than normal dogs. 11 However, the normal 
do wn - re gul ati on of estrogen receptors In the presence of 
rising serum progesterone concentrations may not occur in 
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cervix, decreased myometrial contractility, and increased 
secretory activity of uterine glands during the progesterone- 
dominated luteal phase; (4) colonization and overgrowth of 
coliform bacteria or other organisms with secondary endotox- 
emia (in coliform infections) and renal disease. Studies 15 - 31 
have shown bitches with pyometra to be predisposed to lym¬ 
phopenia and decreased lymphocyte function, as well as to 
neutrophil damage with subsequent decrease in phagocytic 
capacity of PMNs. 

Conditions that may develop subsequent to pyometra 
include septic shock and renal failure. Lipopolysaccharide 
endotoxins released from the cell wall of Gram negative 
organisms stimulate release of cytokines, such as tumor necro¬ 
sis factor (TNF), interleukins (Ils), and platelet activating 
factor (PAF), which cause vasodilation and subsequent 
decreased intravascular volume and tissue perfusion. 
Cardiac arrhythmias may occur in animals with septic 
shock. 33 Hypoglycemia and hepatocellular damage commonly 
occur secondary to septicemia. 33 

Renal dysfunction secondary to pyometra is due to 
decreased renal tubular concentrating ability as the result of 
endotoxemia and possibly to glomerular changes. 3 Mild tubu¬ 
lointerstitial nephritis and other renal tubular changes have 
been reported to occur in as many as 38% of bitches with 
pyometra, 34 Glomerular filtration rate (GFR) has been 
demonstrated to be decreased in up to 75% of bitches with 
pyometra and azotemia; glomerular lesions were not demon¬ 
strated by histopathology in that study 35 Other studies have 
reported glomerulonephritis development secondary to depo¬ 
sition of antigen and antibody complexes in the glomeruli, 2 
Renal disease secondary to pyometra usually reverses with 
successful treatment for pyometra. 


clinical signs of pyometra is 7,1 weeks, with a range of zero to 
15 weeks, LA&,24,40 Reported mean interval from the last 
known heat in queens to onset of clinical signs of pyometra is 

3.8 weeks. 24 


CLINICAL SIGNS 


Dogs and cats with uncomplicated CEH or presence of sterile 
intrauterine fluid (hydrometra or mucometra) may be asymp¬ 
tomatic. 2 -'^’Clinical signs in bitches and queens with 
pyometra vary depending on patency of the cervix. As might 
be expected, cervical patency (open cervix pyometra) is asso¬ 
ciated with presence of vulvar discharge, and cervical impa- 
tency (closed cervix pyometra) is more commonly associated 
with abdominal distension (Table 251-1), Vulvar discharge is 
usually purulent; it is creamy, red-brown to green in color, and 
foul smelling. Onset of clinical signs may be acute or gradual; 
in general, more severe clinical signs are associated with 
cervical im patency. 5 - 9 


32 




-O 




DIAGNOSIS 






Definitive diagnosis of pyometra requires demonstration of 
presence of purulent fluid within the uterus, A tentative diag¬ 
nosis is made by demonstration of uterine enlargement in a 
nonpregnant bitch or queen and usually is associated with 
clinical signs and physical examination findings of systemic 
disease and hematologic changes, A complete work-up for 
dogs and cats with possible pyometra includes a physical 
examination; radiography or ultrasonography of the abdomen; 
a complete blood count (CBC), serum chemistry profile and 
urinalysis; urine culture; and possibly measurement of proges¬ 
terone in serum. Ancillary tests are performed as needed i e.g., 
culture of free abdominal fluid in pets with possible peritoni¬ 
tis and a coagulation profile in animals with overtly hemor¬ 
rhagic discharge). 

Physical examination findings often are unremarkable in 
dogs and cats with uncomplicated CEH. Severity of physical 
examination findings generally is greater in animals with closed 
cervix pyometra than in those with open cervix pyometra. 
Uterine enlargement may or may not be palpable {Table 251-2), 


SIGNALMEN! AND HISTORY 


CEH develops after repeated cycles, so CEH-pyometra is 
usually a disease of older bitches and queens. CEH with 
imal to no inflammatory component has been demonstrated 
to occur at an average age of 7.2 years in bitches. 9 Reported 
mean age at time of development of pyometra in bitches is 
7.8 years, with a reported range of 1 to 15 years and a 
reported majority in bitches over 6 years of age, 4 24 ' 36 37 Mean 
age at time of diagnosis of pyometra in queens is 5.3 years, 

with a majority of cases occurring in queens aged 5 to 6 years 
or more. 31 ' 24 * 28 

Reported risk factors include breed, parity, and body 
dition. Breeds described to be at increased risk in two studies 
are the golden retriever, rough collie, rottweiler, and Cavalier 
King Charles spaniel A 3 7 Mongrels are at decreased risk. 37 In 
several studies, nulliparous animals have been described to be 
at increased risk of developing CEH-pyometra. 21 - 37 However, 
in queens, no correlation was noted between likelihood of 
developing pyometra and age at first breeding, or occurrence 
of breeding or queening. 38 One survey in bitches reported that 
less than 50% of bitches with pyometra were nulliparous, 23 
Anecdotal reports suggest that pyometra may be more likely 
to occur in middle-aged to old queens that are morbidly obese 
than in older queens with normal body condition. 39 

Bitches with a history of false pregnancy [pseudocyesis) 
are not at increased risk for development of pyometra. Serum 
progesterone concentrations do not differ between normal 
bitches, bitches with a history of false pregnancy, and bitches 
with pyometra. 11 In a survey of dogs with pyometra compared 
with age-matched controls, the dogs with pyometra 
significantly less likely to have a history of false pregnancy. 36 

Pyometra is usually diagnosed during the luteal (proges¬ 
terone-dominated) phase of the estrous cycle. Reported 
interval from the last known standing beat in dogs to onset of 
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Table 251-1 


con- 


R eported Mean Prevalence of Clinical Signs 
in Bitches and Queens with Pyometra 


BITCHES (%) QUEENS (%) 


Purulent vulvar discharge 

Lethargy 

Anorexia 

Abdominal distension 
Pol y u ria/pG I yd i psia 

(PU/PD) 

Vom it i n g 
Diarrhea 


87 


59 


72 


32 


73 


40 


17 


28 


9 


36 


16 


27 


From Hardy RM, Osborne CA: Canine pyometra: pathophysiology, 
diagnosis and treatment of uterine and extra-uterine lesions. J Am 

Anim Hosp Assoc 10:245-268, 1974; Wheaton LG et al: Results and 

complications of surgical treatment of pyometra: a review of 80 

cases. J Am Anim Hosp Assoc 25:563-568, 1989; Kenney KJ et al; 
Pyometra in cats: 183 cases (1979-1984). j Am Vet Med Assoc 

191:1130-1132, 1987. 
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mean 
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Table 251-2 


Reported Prevalence o f Physical Examination 
Findings in Bitches and Queens un th Pyometra 
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BITCHES (%) QUEENS (%) 


Palpable uterine enlargement 
Purulent vulvar discharge 

Dehydration 
Fever (>102*5° F) 
Hypothermia (< 100.0°F) 


31-40 


68 


75 


39 


15-28 

41-43 


33 


20 


3 


From Hardy RM, Osborne CA: Canine pyometra: pathophysiology, 
diagnosis and treatment of uterine and extra-uterine lesions, J Am 
Anim Hosp Assoc 10:245-268, 1974; Wheaton LG et ah Results and 

complications of surgical treatment of pyometra: a review of 80 

cases. J Am Anim Hosp Assoc 25:563-568, 1989; Kenney KJ et ah 
Pyometra in cats: 1 83 cases (1979-1984), J Am Vet Med Assoc 

191:1130-1132, 1987. 
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Figure 251-1 Ultrasound image of cystic endometrial hyp 

plasia (CEH) in a bitch. Reader should note the fluffy, mottled 
lining of the uterine wall on cross section. 


er- 


Caution must be used when palpating a potentially friable dis¬ 
tended uterus in any animal with possible pyometra* 

Cervical patency is inferred from presence or absence of 
vulvar discharge. A narrow diameter endoscope may be passed 
the length of the vagina to attempt to see the cervix but usu¬ 
ally tt is only the appearance of fluid moving into the cranial 

v agina that allows one to state that the cervix is functionally 
open.* 


elevated in bitches with pyometra compared with normal 
diestrual bitches; usefulness of this change as a diagnostic test 

is equivocal, 44 

No changes are seen in the serum chemistry profile that 
pathognomonic of pyometra in dogs and cats. 44 Azotemia due 
to dehydration and possible renal dysfunction is reported to 
occur in 18% to 26% of dogs and 12% ol cats with pyome¬ 
tra. 427 ' 35 Other changes that are present commonly include 
hyperproteinemia and increased alkaline phosphatase (ALP) 
and alanine transaminase (ALT). 2 27 

Urinalysis findings are suggestive of secondary renal disease. 
Proteinuria may or may not be present, regardless of p 
of azotemia. 4 ' 35 Urine specific gravity (LJSG) varies with hydra¬ 
tion status and presence of polyuria due to renal disease 
subsequent to endotoxemia; in one study of 27 dogs with 
pyometra, 89% had USG less than 1.035* 3S In that same study, 
22% of the dogs had concurrent urinary tract infection, 35 

Increases in serum progesterone concentration promote 
quiescence of the myometrium and may decrease efficacy of 
medical therapy Although dogs and cats generally have 
clinical signs of pyometra while in diestrus, 16% to 38% of 
bitches and 20% of queens have been reported to have 
progesterone concentrations of less than 1 ng/mL at the time 


are 




Nonreproductive abnormalities that may be detected by 
physical examination in dogs and cats with pyometra include 
dehydration, which occurs secondary to renal disease, fever, 
and anorexia; fever due to infection; hypothermia due 
septicemia or shock; and abdominal pain, which may be 
evident in animals with uterine distension 


to 


resence 


or peritonitis 

due to leakage of purulent material from the uterus (see 

Table 251-2) ** 24 

Uterine enlargement that cannot be assessed by physical 
examination may be detected by abdominal radiography 
ultrasonography, Pyometra occurs during diestrus; radio- 
graphic demonstration of uterine enlargement prior to 42 
45 days postestrus may not allow differentiation of pyometra 

from pregnancy. Abdominal ultrasound is a more definitive 
diagnostic technique. Ukrasonographically, CEH appears as a 
fluffy, irregular, mottled thickening of the endometrium 
on uterine horns viewed in cross-section (Figure 251-1), 
CEH may not be visible in animals with distension of the 
uterine horns caused by large volumes of intrauterine fluid. 
Fluid-filled uterine horns are observed without difficulty in 
dogs and cats with pyometra and can readily be differen¬ 
tiated from pregnancy by 24 to 25 days postbreeding 
(Figure 251-2). 242 

Hematologic changes reported in dogs and cats with 
pyometra include changes in white blood cell (WBC) number 
and anemia. Leukocytosis, often to greater than 30,000 cells/p L, 
is reported to occur in 62% to 68% of dogs and 66% of 
cats with pyometra* 24 27 35 A regenerative left shift and mono¬ 
cytosis may accompany the leukocytosis. These changes 
characteristic of a suppurative and exudative inflammatory 
process such as pyometra. 43 Lymphopenia is reported to occur 
in 8% to 35% of dogs and 5% of cats with pyometra* 24 27 31 
Anemia of chronic infection is reported to occur in 25% of 
dogs and 4% of cats with pyometra. 24 27 ^ 3 Thrombocytopenia 
is rarely reported in dogs with pyometra and may be 
component of disseminated intravascular 
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Figure 251-2 Ultrasound image of pyometra in a bitch. Reader 

should note the uterine horns distended with fluid. 


a 


coagulation 

(DIG). 43 Erythrocyte sedimentation rate is reported to be 
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of treatment. 5 The author feels it is unethical to prolong 
the animal's suffering unnecessarily if secondary disease is 


of diagnosis* 15 ' 20 ' 40 This may be due to release of endogenous 
prostaglandin from the diseased endometrium with subse¬ 
quent luteolysis. Knowledge of serum progesterone concen¬ 
tration may alter course of treatment. 


present. 

Antibiotic therapy alone will not affect a cure in dogs and 
cats with pyometra. An ecbolic agent, which causes uterine 
contractions and promotes expulsion ol the purulent fluid, 

be administered concurrently. The best-described 
ecbolic agent for use in treatment of pyometra in small 
animals is prostaglandin F z „ (PGF 2a ). PGF 2q causes uterine 
contractions when administered once or twice daily and 

luteolysis when given twice daily. Because most ani¬ 
mals with pyometra are in diestrus and may have increased 

progesterone concentrations, it may be beneficial to 

concentrations to determine if 


must 


TREATMENT 


OHE is the best treatment of pyometra in dogs and cats. 
The undedying pathologic change, CEH, cannot be reversed 
with medical therapy. All animals with CEH are predisposed 
pyometra after each subsequent estrus, Recurrence of sec¬ 
ondary infection has been demonstrated to occur commonly 
with the biotype of organism that was causative of pyometra 
historically in a given animal, suggesting that medical therapy 
does not clear infection in all cases but rather decreases infec¬ 
tion to a subclinical level, 45 

Complete OHE Is always recommended* Caution must 
be used when handling the friable, distended uterus. 
Ovariectomy alone is reported to cause resolution of clinical 
signs of pyometra in dogs in 5 to 15 days. H This response prob¬ 
ably is due to an iatrogenic decrease in serum progesterone 
concentration and is not a quick enough response to provide 
relief for critically ill animals. 

Other surgical therapies reported involve placement of 
in-dwelling catheters transcervieally to allow Rushing of the 

with antiseptic compounds or mucolytic agents. 4 45 
Success with such techniques is not well described, and this 

mode of therapy is not recommended. 

Medical therapy for pyometra is most appropriate for dogs 
and cats with a patent cervix. Medical therapy for animals 
with closed cervix pyometra has been reported. 23 43 47 
Administration of ecbolic agents cause uterine contractions 
that propel purulent fluid against the internal cervical os and 

cervical dilation. However, in one survey of 30 dogs 

with pyometra, 13% had positive bacterial cultures of abdom¬ 
inal swabs despite lack of uterine rupture, suggesting leakage 
of purulent material through the friable uterine wall or via the 
uterine tubes. 35 All reported cases of salpingitis (uterine tube 
inflammation) in dogs were in bitches with pyometra. 2 
Finally, with no clear knowledge of viability of uterine tissue, 
it is impossible to know whether causing uterine contractions 

may not cause uterine rupture. For these reasons, medical 
therapy for animals with closed cervix pyometra is not 

recommended. 

All dogs and cats with pyometra, whether treated by OHE 
medically, must be treated with antibiotics. An appropriate 
antibiotic choice is made based on culture and sensitivity test¬ 
ing of vulvar discharge or intrauterine content at the time of 
OHE. Good empiric choices for use while culture results are 
pending are ampicillin (22 mg/kg per os three times daily) 
and amoxicillin-clavulanate (14 mg/kg per os two times 
daily). Antibiotics should be administered for 2 to 4 weeks 
after OHE and until vulvar discharge is no longer evident in 
those animals treated medically The bacterial infection of 
pyometra may be difficult to eradicate because of inability of 
antibiotics to diffuse into the pool of intrauterine fluid and 
possibly because of spontaneous formation of a glycocalyx 
biofilm that may hind antibiotics, again preventing ability of 
the antibacterial agent to reach embedded bacterial cells. 45 

Medical therapy for dogs and cats with pyometra can be 
considered if (1) the cervix is open, evidenced by presence 
of vulvar discharge; (2) the animal is still of breeding age, 
generally 6 years of age or less for dogs and 8 years of age or 
less for cats; (3) the animal is a valuable component of a 
breeding program; and (4) no evidence exists of renal disease 
other sequelae to the pyometra* The effect of medical 
therapy may not be evident for up to 48 hours after initiation 


causes 


to 


serum 


measure serum progesterone 

administration of luteolytic doses of PGFtu, I s required. 
Prostaglandins cannot effect luteolysis in the first 5 days of 
diestrus in dogs at any dose and are not as effective a luteolytic 
agent in cats as in dogs. Analogues of PGF 2a such as clo- 
prostenol, also are ecbolic and luteolytic in dogs and cats, but 
all doses described here refer to the native compound and 

should not be used with analogues, 

PGFja is administered subcutaneously, at doses of 0*1 to 
0,25 mg/kg.23*47,48 gome authors recommend a gradual 

increase in dose over the first 48 to 72 hours of treatment to 
minimize side effects. 4 * The lower end of the dose range 
generally is recommended for treatment of queens. Infusion of 
PGF 2a into the vaginal lumen also has been described in 
dogs" 4 - 7 PGF 2ii is administered until the uterus nears normal 
size, as determined by abdominal palpation, radiography, or 
ultrasonography. In most cases, less than 7 days of treatment 

are required. 

Side effects of PGF 2& are referable to its causing contrac¬ 
tions of the gastrointestinal (Gl) tract and include hypersali¬ 
vation, vomiting, and diarrhea. Queens may exhibit excessive 
grooming and restlessness. Side effects generally occur within 
5 to 15 minutes of drug administration, subside within 30 to 
60 minutes, and usually lessen in severity with each subse¬ 
quent injection. The clinician can minimize side effects by 
using lower doses of PGF 2a , by diluting the volume of PGF 2a 
to be given with normal saline before administration, and by 
walking dogs after it is given* Concurrent administration of 
atropine 500 mg/kg intramuscularly) also may be beneficial, 2 
PGF :rt is not approved for treatment of pyometra in dogs and 

cats in the United States. 

Progesterone receptor blockers, for example mifepristone 
and aglepristone, are reported to be efficacious for treatment 
of pyometra in dogs and cats, with minimal side effects, 50 - 2 
These drugs are not available for veterinary use in the United 
States. Other compounds described for treatment of pyome¬ 
tra, none of which are recommended, include estrogen, andro¬ 
gens, oxytocin, and ergot alkaloid derivatives, 9 48 

Ancillary' supportive therapy to be used includes intra- 

fluid therapy and maintenance of normal body tem¬ 
perature. Other ancillary treatments reported for treatment of 
pyometra in dogs and cats include use of hypertonic saline 
with 60% dextran to combat septic shock and promote renal 
blood flow, use of hemoglobin glutamer-200 to enhance tissue 
delivery' of oxygen in animals with poor oxygenation sec¬ 
ondary to shock, and treatment with equine-derived anti¬ 
bodies against endotoxin to combat renal disease due to 

en dotoxemi a. 3 2 ' 55 ' 54 

At the subsequent estrus, a sample should be collected 
from as far forward in the vagina as possible early in proestrus 
(bitches) or estrus (queens), and appropriate antibiotic ther¬ 
apy should be administered for at least the duration oi 
proestrus and estrus while the cervix is open and the uterus is 
vulnerable to infection with bacteria ascending from the 
vagina. Antibiotic therapy is recommended 
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or queen will not be bred during that estrus. Because fertility 
is compromised and because the bitch or queen still has CEH 
and a predisposition to pyometra, she should be bred and all 
desired offspring obtained as quickly as is feasible. The dog or 
cat should then be spayed as soon as her breeding life is over 
or if pyometra recurs. 


UTERINE STUMP PYOMETRA 


Pyometra of the uterine stump occurs rarely in dogs and cats, 
[t is assumed to be associated with remnant ovarian tissue or 
administration of exogenous estrogen or progestins in most 
cases, because any remnants of endometrial tissue should be 
quiescent in the absence of hormonal stimulation. Clinical 
signs are as described for pyometra in intact animals. 
Diagnosis is best made by abdominal ultrasound; pyometra of 
the uterine stump appears as a cystic mass near the bladder, 
Diagnosis of ovarian remnants is described in Chapter 247. 
Treatment includes systemic antibiotic therapy and surgical 
removal of the uterine stump and ovarian remnants, if any. 


PROGNOSIS 


Spontaneous resolution of mild inflammatory changes overly- 
ing CEH has been reported to occur subsequent to plasma 
cell infiltration. 10 ' 55 Animals with pyometra do not recover 
spontaneously. 

Overall reported success rate for treatment of pyometra in 
dogs ranges from 46% to 100%; reported success rate for 
treatment of pyometra in one study was 92% in cats. 2 In 
general, those animals that do not recover have concurrent 
disease or complications due to sepsis or toxemia. 24 

After medical therapy, reported prevalence of recurrence 
of pyometra in bitches is 10% to 77% within 27 months of 
therapy. 2 - 45 Other reported long-term complications include 
persistent anestrus, failure to conceive, and spontaneous abor¬ 
tion. 23 In two studies evaluating fertility of bitches after med¬ 
ical treatment for pyometra, reported percentages of dogs 
bred that went on to whelp were 64% and 87%. 23 - 48 In the 
former study, prognosis for future fertility was best in those 
animals requiring less than 6 days of treatment with PGF 
Prognosis for future fertility generally is better in queens, with 
a reported queening rate of 90% in those queens bred after 
medical therapy for pyometra. 2 


CONCLUSION 


CEH is a hormone-mediated gradual change of the uterine 
lining. Presence of CEH predisposes the uterus to infection; 
infection overlying CEH with subsequent formation of 
intrauterine purulent fluid is pyometra. Nulliparous animals 
may be predisposed; those animals with a history of false 
pregnancy are not predisposed to pyometra. Diagnosis 
requires demonstration of uterine enlargement and presence 
of purulent intrauterine fluid. Neutrophilia with a regenera¬ 
tive left shift and monocytosis often are present. Secondary 
renal disease may occur subsequent to endotoxemia in dogs 
and cats with coliform infection. OHE is the treatment of 
choice in most cases. Medical therapy with PGF 2a may be 
attempted in young, valuable bitches and queens with a 
patent cervix and no evidence of secondary renal disease. 
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CHAPTER 


Canine Female Infertility 


Cary C.W. England 


INTRODUCTION 


in particular upon the age of the bitch. Average peak repro¬ 
ductive efficiency occurs at approximately 3 years of age, and 
a significant decline occurs in the number of pups bom to 
bitches aged 7 years and older, 1 

The investigation of infertility is complicated by the fact 
that fertility problems may be difficult to recognize. Failure to 
conceive does not result in an immediate return to estrus. 
Furthermore, pseudopregnancy is a normal physiologic event 
and, in some bitches that do not whelp, the owner may have 
confused the signs of pseudopregnancy with pregnancy. 
However, the early diagnosis of pregnancy is now possible 
using ultrasonography, the detection of acute-phase proteins 
in serum, and the measurement of serum relaxin concen¬ 
trations, Early pregnancy diagnosis helps allow prompt inves¬ 
tigation into why an individual bitch fails to produce live 
offspring. 

As with other species, the causes of infertility may be 
classified as structural (including congenital, acquired, and 


Over recent years there has been increased awareness of 
canine female infertility, particularly in dogs bred for working 
and showing purposes. The true extent of infertility is 
unknown, although reproductive failure is common. It is with 
increasing frequency that breeders and managers of breeding 
colonies approach their veterinarian for help with reproduc¬ 
tive problems. In some circumstances reduced fertility may 
not be fully appreciated because breeding is relatively 
infrequent when compared with other domestic species. In 
addition, wide breed variations exist (particularly in litter 
size) that make it difficult to compare animals of different 
breeds. Certain breeds appear to have an increased incidence 
of infertility. 

The normal expectation of fertility in the bitch is a 
whelping rate of 70% to 80% after mating to a male with 
normal semen quality. Variations from this exist, depending 
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neoplastic diseases), functional (including endocrinologic 
abnormalities), infectious, or managemental. However, what is 
most helpful to the clinician is the way in which these 
are presented, namely (1) failure to cycle, (2) abnormal 
estrous cycles, (3) normal estrous cycles with failure of copu¬ 
lation, (4) normal estrous cycles with copulation (distant from 
ovulation) and conception failure, (5) normal estrous cycles 
with copulation (close to ovulation) but conception failure, or 
(6) normal estrous cycles and conception with subsequent 

pregnancy failure, 2 


[6.5 nmol/L]) demonstrates that ovulation has occurred 
within the last 60 days (Le., the estrus has been missed). 

Investigation of delayed puberty involves collection of 
information on housing and diet (because poor environmental 
conditions and nutrition may be associated with failure to 
cycle) and a thorough clinical examination to rule out chronic 

debilitating disease. 

An underlying chromosomal abnormality may also 
delayed puberty. Many of these bitches are phenotypic ally 
abnormal (having a small eranially positioned vulva and devel¬ 
oping clitoral enlargement at puberty). A smaller propor¬ 
tion of bitches are phenotypic ally normal but have an 
abnormal complement of sex chromosomes that results in 
ovarian hypoplasia or ovarian dysgenesis. Establishing a kary¬ 
otype usually demonstrates chromosomal abnormalities such 

as 77X0, 79XXX, 79XXY, and 78XX/78XY 3 In normal 

bitches with no underlying disease, estrus induction can be 
attempted as described later. 


cause 


INVESTIGATION OF INFERTILITY 


Many cases of "infertility ' are caused by a lack of 
understanding of normal canine reproductive physiology. For 
example, considerable normal variations exist in the onset of 
puberty between animals and in the timing of ovulation from 
the onset of proestrus, 

The previous breeding history, including parity and litter 
size, together with information regarding the stud dog, are 
probably the most important factors (one of the 
causes of infertility is related to the male). Additional infor¬ 
mation concerning the onset of puberty, present cyclicity, gen¬ 
eral medical history, and the administration of pharmaceutical 
compounds (steroids in particular) may also be useful. After a 
full clinical examination to rule out systemic disease, specific 
examination of the reproductive tract should be performed. 
This should include inspection of the external genitalia, 
palpation of the mammary glands, digital examination of the 

vestibule and caudal vagina, and transabdominal uterine 
pal patio n. 

Several other techniques are useful for the investigation of 
reproductive disease, including exfoliative vaginal cytology, 
vaginal endoscopy, transcervical collection of uterine cells to 
evaluate uterine disease, and ultrasound imaging of the ovaries 
and uterus. Laparoscopy and laparotomy may also be valuable 
for inspection of the uterus, uterine tubes, and ovaries but 
are infrequently used due to their invasive nature and the 
requirement for general anesthesia. Measurement of circulat¬ 
ing hormone concentration has a number of indications. It 
be used to confirm the presence of gonadal tissue, to detect 
hormone secreting neoplasms and cystic structures, and for 
the prediction and confirmation of ovulation. 


owner 




30 




Prolonged Anestrus The average interestrus interval i 
31 weeks; although some variation occurs around this 
value, this has no apparent effect on fertility. Certain breeds, 
for example the Basenji, cycle only once per year The reason 
for these variations is unclear. Prolonged anestrus represents 
an interestrus interval greater than anticipated for that partic¬ 
ular animal (usually more than 12 months from the previous 
cycle). Failure of normal reproductive cyclicity has several 
causes. A common problem is the failure of observation of the 
signs of estrus, particularly in kenneled bitches. This 


IS 




mean 


common 








may 

occur in fastidious bitches, which quickly remove any vulval 
discharge, or when the discharge is scant. Serum progesterone 
concentrations greater than 2.0 ng/mL (6.5 nmol/L) indicate 
a missed estrus and ovulation within the previous 2 months. 

Initial investigations should include a thorough history and 
examination for chronic systemic disease and evaluation of 
the general body condition. Important factors in the history 
are any indications of chronic disease and any previous or 
concurrent treatments or medication. Drug-induced anestrus 
should be considered when the interestral interval is pro¬ 
longed; pharmaceutical preparations that have the ability to 
prevent estrus include glucocorticoids, anabolic steroids, 
androgens, and progestogen*. Investigation of thyroid function 
may also be useful because some evidence indicates a 
relationship between thyroid hormone insufficiency and abnor¬ 
malities of the estrous cycle. Hypothyroidism has been 
ated with prolonged anestrus and infertility. The mechanism of 
this abnormality has not been fully established; however, 
prolactin is released after the injection of thyrotropin-releasing 
hormone (TRH). Therefore factors that affect endogenous 
TRH release probably affect prolactin and thyroid function. 
Low concentrations of serum thyroid hormones and failure to 
respond to a stimulation test may be used to confirm the 
dition, although clinically these animals usually have typical 
clinical signs associated with hypothyroidism. After replace¬ 
ment therapy most bitches return to estrus within 6 months. 
Interestingly however, hypothyroidism in greyhounds was not 
shown to be related to poor reproductive function 4 and a con¬ 
sistent relationship between thyroid disease and reproductive 
function has yet to be established. When no underlying disease 
is present, estrus induction may be attempted. 

Progesterone-producing ovarian cyst s have been described 
in the bitch, producing prolonged interestrus intervals and 
cystic endometrial hyperplasia. Ovarian cysts may be identi¬ 
fied ultrasonographic ally and the diagnosis confirmed by serial 
measurement of serum progesterone concentrations. Medical 
treatment has not been successful, and usually the cystic ovary 
needs to be surgically removed. These cysts should not be con¬ 
fused with cysts originating from the ovarian bursa that are of 

no significance. 


can 


assoa- 


CLINICAL PRESENTATIONS OF INFERTILITY 


Failure to Cycle 

Failure to cycle may be either primary (no estrus activity 
before 24 months [Le., delayed puberty]) or secondary 
(no estrus activity within 12 months of a previous cycle [i.e., 
prolonged anoestrus]}. In most cases a specific disease process 
may be responsible for this problem, and careful investigation 
for an underlying cause is important for appropriate treat¬ 
ment and prognosis. Estrus induction may be attempted with 
either primary or secondary failure w r hen a specific cause has 
been identified. 

Delayed Puberty The age at puberty ranges between 6 and 
24 months. Most bitches cycle within 1 to 6 months of attain¬ 
ing adult height and weight, and the age of puberty can be 
influenced by the breed, body weight, and environmental 
conditions. In general, bitches that do not reach puberty by 
2 years of age are considered to have delayed puberty. It is 
common for there to be few T signs associated with the first 
estrus and therefore some bitches which are thought to have 
delayed puberty may have simply had an unobserved estrus. 
Increased serum progesterone concentrations (> 2,0 ng/mL 


con- 
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In some cases, ovarian neoplasms that produce either pro¬ 
gesterone or androgens result in a failure to return to cyclical 
activity. Such tumors are rare and are usually associated with 
chronic wasting and an abdominal mass effect with ascites. 
Treatment is surgical removal. 

Some bitches have normal cyclical activity, including 
follicular growth and ovulation, without obvious external 
signs of proestrus or estrus. This is often called silent estrus 
(silent heat) and is common in certain breeds, greyhounds 
for example. The condition may be the reason the owner over- 
looks the signs of estrus. Ovulation may be confirmed by 

surement of serum progesterone concentration as described 
previously. Alternatively the weekly examination of exfolia¬ 
tive vaginal cytology will allow anticipation and monitoring 
of estrus, 

Premature ovarian failure has been suggested as a rare but 
permanent cause of an estrus in previously normal bitches. 5 
For an accurate diagnosis of these cases, investigation of the 
karyotype and measurement of serum concentrations of 
luteinizing hormone (LH), follicle-stimulating hormone 
(FSH), and thyroid hormone should be undertaken. 3 In valu¬ 
able breeding animals, estrus induction regimens may be con¬ 
templated; however, no information is available concerning 

the efficacy of these treatments in animals with premature 
ovarian failure. 

Induction of Estrus Estrus-induction may be attempted 
when no underlying abnormality has been detected in bitches 
older than 2.5 years with delayed puberty or in bitches 
with prolonged anestrus, A variety of agents may be used 
for this purpose, including prolactin inhibitors (cabergoline 
bromocriptine), equine chorionic gonadotropin (eCG) 
with human chorionic gonadotropin fbCG), gonadotropin¬ 
releasing hormone (GnRH), and estrogens. Unlike other 
domestic species, it is not possible to induce estrus by short¬ 
ening the luteal phase using prostaglandins because the luteal 
phase is followed by 

anestrus. 

The most useful method of estrus induction is the admin¬ 
istration of prolactin inhibitors {although these may have a 
variable effect in bitches with delayed puberty). Prolactin 
plays a role in the regulation of interestrous intervals, possibly 
by affecting gonadotropin secretion, ovarian responsiveness to 
gonadotropins, or both. When prolactin inhibitors are admin¬ 
istered daily (cabergoline at 5.0 pg/kg/day) during prolonged 
anestrus, a rapid return to estrus occurs (usually within 
30 days). If treatment is stopped once proestrus has begun, a 

high pregnancy rate usually occurs that is similar to that seen 
in natural cycles. 

For bitches with delayed puberty it may be necessary 
attempt estrus induction using gonadotropins, if the adminis¬ 
tration of prolactin inhibitors fail* Many protocols have used 
exogenous gonadotropins for the induction of estrus, and 
commonly low doses of eCG (20 IU/kg for 5 days) with a 

single administration of hCG (500 IU/bitch on the fifth day) 
are recommended. 

Although several reports document the value of estrogens 
and GnRH (either in pulses or the use of a superagonist), such 
regimes are not commonplace in clinical practice because 
whelping rates are relatively low 

Abnormal Estrous Cycles 

Split Estrus A short interval (2 to 12 weeks later) between 

clinical signs of estrus is often described 
occurs most frequently at the pubertal estrus but 
any age. An initial phase of follicular growth and estrogen 
secretion occur, but the follicles regress and signs of estrus 
disappear. Subsequently a second follicular phase appears. 
In some cases this may be repeated several times until finally 


the bitch ovulates normally. This syndrome is confusing 

because it may be thought that the bitch has failed to ovulate 

or that fertilization with subsequent resorption or abortion 

has occurred. The recognition of split estrus syndrome i 

important to ensure that mating is achieved at the correct 

time. In some cases, induction of ovulation may be attempted 

using hCG, although it can be difficult to be certain at 

which point to administer this preparation. This is most 

successfril when administered at the peak of vaginal epithelial 
cell comification. 

O vulation Failure The frequency of ovulation failure is 
approximately 1 % of estrus cycles, 6 and clinicians commonly 
make the diagnosis by serial monitoring of serum proges¬ 
terone concentrations. This condition is likely to have a simi¬ 
lar cause to those bitches with split estrus (possibly caused by 
low concentration of LH or LH receptor). Attempts to induce 
ovulation during estrus using 500 lU/kg hCG between 1 day 
before to 1 day after the first mating may be successful. 


is 
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Pro longed Proestrus or Estrus The time at which bitches 
ovulate after the onset of vulval bleeding is very variable. 
Usually this is between the sixth and twentieth day after 
proestrus began. For the average bitch, the surge in serum 
LH occurs on the tenth day; ovulation follows 2 days later. 
However, many normal bitches do not ovulate at this time, 
and most bitches with alleged prolonged proestrus 
ally at the extremes of normality; they simply ovulate later i 
the cycle than anticipated. In some, normal ovulation occurs 
30 days after the onset of proestrus. 

These animals do not require treatment, but careful_ 

ment of the optimum mating time, usually by evaluation of 
vaginal cytology or measurement of serum progesterone (see 
later). It is unlikely that the administration of hCG would 
produce normal ovulation earlier in the cycle; however, little 
data is available on such use of this agent. 

Estrogen-secreting follicular cysts may produce persistent 
estrus. These bitches may be brought to a veterinarian because 
of the inconvenience; however, the persistent elevation of 
serum estrogen can also lead to bone marrow suppression 
with anemia and thrombocytopenia. 

Ultrasonographically large (8 to 12 mm diameter) fluid- 
filled follicles may be identified. These must be carefully dif¬ 
ferentiated from normal follicles and early corpora lutea, both 
of which have central fluid-filled cavities. Some follicular cysts 
respond to alternate-day administration of hCG on three 

Failing this, cysts may respond to progestogen 
administration using drugs such as megestrol acetate. With the 
latter an increased risk of pyometra is seen, because the pro¬ 
gestogen is administered after a prolonged period of estrogen 
priming. Ovariectomy may be required if no response to 
exogenous hormone therapy is seen. Cyst-like structures 
frequently identified around the ovaries at routine surgery. 

These are often parabursal in origin and have no significance 
on cyclicity or fertility. 
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Ovarian Neoplasia Ovarian neoplasms are not common 

in the bitch, accounting for approximately 1.0% of all 

plasms. 7 The mean age of occurrence is 8 years, although_„ 

bitches may develop neoplasia as early as 7 months of age. 

Tumors that release estrogen may produce signs of persistent 
estrus and bone marrow 


neo- 

some 


suppression, although clinical signs 
are also often related to a mass effect or ascites. Neoplasia may 

be most effectively diagnosed at ultrasound examination. The 
tumors may be germ cell, epithelial, or sex-cord stromal in 
origin. They do not commonly metastasize. Ovariohysterectomy 
is the treatment of choice; care should be taken not to rupture 
neoplasms during surgery because metastatic spread is often 

by transcoelomic seeding. 
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Normal Estrous Cycle with Failure of Copulation 

Behairioral Problems Some bitches are frightened and 

traumatized by attempted breeding and may refuse subse¬ 
quent mating. Other bitches may be "humanized** or are too 
familiar with the male and do not exhibit normal 
behavior. Observation of the bitch at attempted mating 
should allow identification of typical behavior patterns that 
may include marked submission or aggression. Careful man¬ 
agement of the virgin bitch is important to ensure that behav¬ 
ioral abnormalities do not become established, 

V^estibulovaginal and Vestibule vulval Abnormalities 

Strictures of the caudal reproductive tract are common. Circular 
strictures or transverse bands are usually found at the junction of 
the vestibule and the vagina, although vestibuiovulval strictures 
can also be identified, Vestibulovaginal abnormalities are often 
first noted during attempted mating when they cause pain or 
a failure to achieve intromission. Small constrictions and 
fibrous bands may be manually broken down under general 
anesthesia when the bitch is in proestrus or estrus, Mating 
may be allowed later during the same estrus. Surgical explo¬ 
ration via an episiotomy may be required for larger transverse 
bands. 

Vaginal Hyperplasia Vaginal hyperplasia is an accentu¬ 
ated response of the caudal vaginal floor to normal circulating 
estrogen concentrations. Usually the vaginal mucosa cranial to 
the external urethral orifice is involved and becomes edema¬ 
tous and thickened. This mass of tissue may result in pain at 
coitus in some bitches, and in others it may rapidly increase in 
size and protrude from the vulva preventing coitus. The latter 
condition is sometimes referred to as a vaginal prolapse 
(correctly, it is a prolapse oi hyperplastic vagina). Occasionally 
the circumference of the vagina and not just the floor may be 

involved. 

In most bitches the mass decreases in size at the end of 
estrus, therefore conservative management with local cleans¬ 
ing and lubrication are sufficient. Ovariohysterectomy during 
the subsequent anestrus will prevent recurrence. In bitches 
that are required for breeding, artificial insemination may be 
necessary or submucosal surgical resection of the tissue per¬ 
formed during early estrus before mating. A minority of surgi¬ 
cally treated cases recur; however, the use of surgery has been 
questioned because a familial tendency has been reported in 
certain breeds. * Although rare, true prolapse of the nonhyper¬ 
plastic vagina has been reported during estrus when it also 
may prevent mating. 

Congenital Anomalies of the External Genitalia 
Hypoplasia of the vulva has been described and may be 
ciated with pain at coitus and often a perivulval dermatitis. 
Considerable breed variation is seen 

anatomy; for example, the greyhound has small external 
genitalia. 

Congenital abnormalities including vulvar atresia and 
vulvar agenesis are rare, and may cause chronic vaginitis. 

Vaginal Hypoplasia and Aplasia Segmental aplasia of 
the Mullerian duct system may be partial r producing vaginal 
hypoplasia, or complete, resulting in vaginal aplasia. The con¬ 
dition is rare and may cause the retention of uterine fluid with 
signs similar to pyometra. Diagnosis may be made by palpa¬ 
tion or positive-contrast radiographic examination of the 
vagina. 

Normal Estrous Cycle with Copulation (Distant from 
Ovulation) and Conception Failure 

The most common reason for failure of conception is inap¬ 
propriate timing of mating. This is often because mating is 


planned a set number of days after the onset of proestrus 
(often the twelfth to the sixteenth day). Although the major¬ 
ity of bitches ovulate between 10 and 14 days after the onset 
of proestrus, some ovulate as early as the fifth day or as late as 
the thirtieth day. Therefore should a bitch be mated on the 
twelfth to the sixteenth day this can be inappropriate and 
result in failure of conception, A further complication is that 
bitches are not necessarily consistent in the day on which they 
ovulate between subsequent estrus cycles. Detecting the time 
of ovulation is difficult because the behavioral signs of estrus 
do not always correlate with the changes in peripheral hor¬ 
mones, and often the dog and bitch are not allowed to display 
normal courtship behavior. 

Fertilization Period and Fertile Period Spontaneous 
lation occurs approximately 48 hours after the surge in serum 
LH, Eggs are released as primary oocytes that must reach the 
metaphase of the second meiotic division before fertilization 
can occur This maturation takes 48 to 60 hours. Oocytes 
remain fertilizable for a further 2 to 3 days, therefore the time 
span over which fertilization may occur, termed the fertiliza¬ 
tion period, is between 4 and 7 days after the LH surge (i.e,, 
between 2 and 5 days after ovulation). 

Dog sperm can remain viable and fertile within the uterus 
and uterine tubes for at least 6 days. Therefore it is possible 
for matings that take place before the fertilization period to 
result in conception. A second term is therefore used, the fer¬ 
tile period, which encompasses the fertilization period and 
the time that sperm survive within the female reproductive 
tract before ovulation and oocyte maturation. The fertile 
period extends from 3 days before until 7 days after the pre¬ 
ovulatory LH surge (i.e., between 5 days before and 5 days 
after ovu 1 ation). 

The optimal time for mating is during, or immediately pre¬ 
ceding, the fertilization period The period of peak fertility 
ranges from 1 day before to 5 or 6 days after the LH surge. 

Determination of the Optimal Time of Mating 

Clinical and management assessments In laboratory 
beagles a close association exists between the time of the LH 
surge and the onset of standing estrus. However, in many 
breeding bitches a marked variation exists in this relationship, 
with the LH surge occurring between 3 days before to 9 days 
after the onset of estrus. Teasing the bitch has little value in 
determining the fertile period. Assessment of the volume and 
color of the vaginal discharge is similarly unreliable. 

One clinical assessment that may be useful is the timing of 
vulval softening. During proestrus, the vulva and perineal tis¬ 
sues become enlarged and increasingly turgid in response to 
increasing estrogen. At the time of the LH surge, serum estro¬ 
gen concentrations begin decreasing at the same time that 
serum progesterone concentrations increase. With this change 
a reduction is seen in edema of the reproductive tract, with 
the consequence that a distinct softening of the vulva 
In cases where only clinical assessments are available for the 
determination of the optimum time for breeding, a combi¬ 
nation of the onset of standing estrus and the timing of vulval 
softening may be used, Each of these events occurs on average 
l or 2 days before ovulation. Therefore breeding should be 
planned commencing on the next day or so for natural 
mating or commencing 3 days later lor preserved semen 

inseminations. 
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Hormone measurement Measurement of peripheral 
serum concentrations of LH is a reliable and accurate method 
of determining the optimum time to mate. However, in many 
countries it is difficult to obtain reliable LH measures in clin¬ 
ical practice, because enzyme-linked immunosorbent 

(ELISA) kits 


assay 

are not always available. Serum progesterone 
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concentrations begin to increase toward the end of proestrus 
at the time of the LH surge. Luteinizing follicles produce this 

in progesterone; therefore serial monitoring of serum 

progesterone concentrations allows anticipation of ovulation. 
Test kits designed to measure progesterone by ELISA 
commercially available and have been shown to be useful for 
predicting the optimum mating time in the bitch. Breeding 
insemination should be planned between 4 and 6 days 
after serum progesterone concentrations exceed 2.0 ng/mL 
(6.5 nmol/L) (the concentration typically observed at the 
time of the LH surge). Some reports suggest that breeding 
should commence 1 day after values exceed 8.0 to 10.0 ng/mL 
(25.0 to 32,0 nmol/L), which are commonly seen at the 
beginning of the fertilization period. Progesterone 
tion may also be measured in whole blood or vaginal fluid. 


secretions in relation to the fertile period. These include 

changes in electrical resistance, glucose concentration, and 

mucus crystallization patterns. None of these techniques has 

been subject to detailed validation or widely used in clinical 
practice. 

Normal Estrous Cycle and Copulation (Close to 
Ovulation) with Conception Failure 

Infertile Male An important aspect of infertility is the 
influence of the male. Poor semen quality can reduce the 
litter size or result in conception failure. Knowledge of a 
comprehensive breeding soundness examination of the male 
is mandatory when investigating a female that might be 
infertile. 

Uterine Disease A common ultrasonographic finding in 

bitches that fail to become pregnant despite mating to a fertile 
male during the fertilization period is the presence of cystic 
endometrial hyperplasia. 

Although the exact relationship between this observation 
and fertility is yet to be proved, the existence of under¬ 
lying endometrial disease may contribute to infertility by 
allowing persistence of commensal bacteria within the uterus 
(after introduction through the open cervix during estrus) 
by interfering with normal placental development. 
Ultrasonographic detection of cystic endometrial hyperplasia 
best achieved during the luteal phase. Cystlike lesions are 
observed most commonly in middle-aged and elderly bitches 
and anecdotally may precede the development of later 

pyometra. Treatment regimes to aid fertility have yet to be 
fully evaluated. 


increase 


are 


or 
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Vaginal cytology The examination of exfoliative vaginal 
epithelial cells is frequently used to monitor the estrous cycle. 
During proestrus, increased serum estrogen concentrations 

thickening of the vaginal mucosa, which becomes a 
keratinized squamous epithelium* Surface vaginal epithelial 
cells may be collected using either a moistened swab or by 
aspiration. The relative proportions of different types of 
epithelial cells can be used as a marker of the endocrine envi¬ 
ronment* Several methods for staining of cells and 
indices of comification and keratinization have been 


cause 


va n ous 

sug¬ 
gested. In general, the fertile period can be predicted by cal¬ 
culating the percentage of epithelial cells that appear 
comified using a modified Wright-Giemsa stain. Breeding 
should be attempted throughout the period when more than 
80% of epithelial cells are comified. Although this is a useful 
guide, some bitches reach peak values of only 60% comifica- 
tion, and in others there may be two peaks of cornification. 
Neutrophils are generally absent from the vaginal 
during estrus because the keratinized epithelium is impervi¬ 
ous to these cells. Their reappearance during late estrus 
reflects the breakdown of this epithelium. The return of neu¬ 
trophils to the vaginal smear has been used by some workers 
as an indicator of the time of optimum fertility. 

Some bitches demonstrate poor cellular changes in the 
vaginal smear; in some, neutrophils may be found throughout 
estrus (the extent of these variations has not been quantified). 
Despite these variations, at the Guide Dogs for the Blind 
Association in the United Kingdom, mating based on vaginal 
cytology was found to increase the pregnancy rate and litter 
ize of bitches compared with a similar group mated only 
based on the onset of proestrus. 3 Whelping rates have been 
consistently maintained above 90% over a 10-year period 
since the introduction of this technique. 


or 


is 


Aplasia of the Tubular Genital Tract An 

of infertility is aplasia of one segment of the uterine 
horn, uterine tube, or both. Frequently this is a unilateral con¬ 
dition that does not influence fertility* Bilateral agenesis is 
associated with infertility, although the bitch may cycle, 

ovulate, and mate normally. Diagnosis may be made by posi¬ 
tive 


uncommon 


smear 


cause 


contrast vagioo-uterogram performed during estrus. 
Laparotomy is a more valuable diagnostic tool. 


Normal Estrous Cycle and Copulation with 
Pregnancy Failure 

Habitual Abortion Some clinicians have implicated pro¬ 
gesterone deficiency as a cause of repeated abortion in bitches. 11 
Despite this contention, the minimum concentration of pro¬ 
gesterone in serum required to support the pregnancy is only 
2,0 ng/mL 12 Measurement of progesterone concentration 
at the time of an abortion often reveals that concentrations 
are low; however, this is likely to be the result of the abortion 
rather than the cause of the abortion. Insufficient luteal func¬ 
tion has been demonstrated after estrus induction regimens 13 
and in one case of oophoritis, 14 Serum progesterone 
centrations of bitches with habitual abortion are usually sim¬ 
ilar to those of normal pregnant bitches. Progesterone 
progestogen supplementation during pregnancy may produce 
masculinized female pups and cryptorchid male pups, and 
it may possibly impair or delay parturition resulting in fetal 

death. Progestogen therapy should therefore be restricted 
to those cases in which 
diagnosed. 

The majority of Cases of abortion and resorption may be 
documented using real-time B-mode ultrasound. In 
cases only a single conceptus is lost and the remaining preg¬ 
nancy continues normally. Most cases of resorption and abor¬ 
tion are related to an abnormal uterine environment (cystic 
endometrial hyperplasia, see previous discussion), embryonic 
and fetal defects, or are the result of infectious agents 


Vaginal endoscopy Endoscopic assessment of the vaginal 

epithelial contour and profile, mucosal color, and color of any 

vaginal fluid may be of use for estimating the time of the 

fertilization period. Enlarged edematous pink or pinkish- 

white mucosal folds are present during proestrus and estrus. 

Progressive shrinking of these folds accompanied by pallor 

during the preovulatory decline in estrogen. 

Subsequently mucosal shrinkage is accompanied by wrinkling 

of the mucosal folds that become distinctly angulated and 

dense cream to white in color. These gross changes have been 

used to assess the fertile period Jeffcoate and Lindsay 10 

proposed a scoring scheme to allow description and recording 

of the vaginoscopic changes. These clinicians also suggested 

that vaginoscopy could be used to indicate the end of the 
fertilization period. 

Evaluation of Cenricovaginal Secretions Many workers 
have reported changes in the nature of the cervicovaginal 
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Infectious Causes of Pregnancy? Loss 

Canine herpesvirus Canine herpesvirus may cause infer¬ 
tility, abortion, stillbirths, and genital lesions in the bitch. t5 In 
the pregnant bitch, placental lesions and infection of the fetus 
occurs. Experimental data suggests that infection during early 
pregnancy results in fetal death and subsequent mummifica¬ 
tion, infection during midpregnancy results in abortion, and 
infection during late pregnancy results in premature birth- 
The vims has also been recovered from vesicular lesions on the 
gen italic of bitches, and frequently these lesions are evident at 
the onset of proestrus, suggesting that venereal transmission is 
probably important. Viral recrudescence from the vesicular 
lesions may be stimulated by the stress of pregnancy and par¬ 
turition. Canine herpes virus infection is becoming increasingly 
recognized within Europe. As a result of this, a vaccine has 
recently been licensed for use in breeding animals and is 
commercially available in France and the United Kingdom, 

Brucella canis This is the only bacterium known to be a 
specific cause of infertility in the bitch. Infection can produce 
abortion and infertility. Between 1.5 and 6-6% of dogs in the 
USA have antibodies to the organism. Brucella can be trans¬ 
mitted by contact with aborted fetal or placental tissue, con¬ 
tact with the vaginal discharge of infected bitches, venereal 
transmission or congenital infection. 

Abortion occurs most commonly between the forty-fifth 
and fifty-fifth day of pregnancy; however, there may be 
embryonic resorption or the birth of stillborn or (more rarely] 
weak pups. The isolation of the bacterium from blood or 
aborted tissue is diagnostic of the disease; however, there 
may be prolonged periods when the bitch is not bacteremic, 
and a negative blood culture does not rule out infection. 
Fortunately, diagnosis using the plate agglutination test for 
screening and tube agglutination for confirmation is not 
difficult. Treatment of the condition with a combination of 
streptomycin and tetracycline is often effective in clinical 
cases; however, antimicrobial treatment does not remove the 
organism from tissues. Because a carrier state can occur and 
these animals may be potential sources of infection, they are 
best neutered and removed from the breeding program. 

Canine adenovirus It is well established that infection 
with canine adenovirus during pregnancy can result in the 
birth of dead or weak pups that die within a few days after 
parturition. In most cases, however, the virus is ingested after 
parturition and causes neonatal mortality. Carrier bitches may 
act as a source of infection for pups. 

Canine parvovirus Canine parvovirus has been impli¬ 
cated by some breeders as a cause of infertility in their 
kennels. However, Meunier and colleagues 16 found that the 
conception rate, incidence of stillbirths, average litter size, or 
average number of pups weaned per litter did not change after 
the introduction of canine parvovirus to a kennel. Canine 
parvovirus may cause an acute generalized infection in pups 
less than 2 weeks of age, which can occur as a consequence of 
uterine infection or as a result of exposure to the virus soon 
after birth. 


either clinical illness in the bitch with subsequent abortion or 

subclinical infection of the bitch and the birth of clinically 
affected pups. Although the latter provides evidence for 
transplacental transmission, the frequency of this under 
natural conditions is unknown. 


Toxoplasma gondii Toxoplasma infection of the bitch 
may cause abortion, premature birth, stillbirth, and neonatal 
death. Surviving infected pups may carry the infection. 

Normal Vaginal Bacterial Flora A widespread belief 
exists among breeders and veterinarians that certain bacteria 
that inhabit the reproductive tract of the dog and bitch cause 
infertility, vaginitis, and fading puppy syndrome. This arose 
from the work in the 1930s that concluded that streptococci 
were responsible for infertility, abortion, anestrus, and weak 
pups. With the advent of virus isolation techniques, several 
specific viruses have been identified, and it seems likely that 
the earlier work overemphasized the importance of the strep¬ 
tococci. These bacteria are now considered to be part of the 
normal commensal flora and probably invade secondarily to 
viral damage or are contaminants. 

Many aerobic and anaerobic bacteria normally inhabit 
the vestibule and vagina of the healthy bitch, and the bacterial 
flora is normally mixed- The aerobic bacteria isolated from 
normal bitches include Escherichia coli t staphylococci, and 
streptococci, whereas the anaerobic bacteria include 
Bacteroides spp. and Peptostreptococcus spp. Mycoplasmas 
have been isolated from between 30% and 88% of normal 
bitches. 

Several authors have examined the vaginal bacterial flora 
of normal bitches and compared them with those of infertile 
bitches. These studies were reviewed by van Duijkeren, 1 ' who 

found that the bacterial species cultured from infertile bitches 
did not differ significantly from healthy bitches. Therefore the 
results of microbiologic examination of the reproductive tract 
of the bitch must be treated with caution because the simple 
isolation of bacteria from the vagina does not constitute a 
diagnosis of reproductive disease. However, disease may result 
if the uterine or vaginal defense mechanisms are depressed, 
thereby allowing overgrowth of the normal commensals. 
Many of the normal vaginal inhabitants may become 
pathogens if a breakdown in local immunity occurs. 








CONCLUSION 


Infertility is an important and increasingly recognized condi¬ 
tion in the bitch. Canine female infertility has a number of 
causes, the most common of which are inappropriate mating 
time, male factor infertility, and uterine disease. The approach 
to the infertile bitch should involve a logical investigation to 
determine the underlying cause, the optimal treatment, and 
prognosis. After collection of a detailed clinical history and 
a physical examination, the clinician should determine the 
typical presentation of the problem, followed by additional 
investigation to establish the cause. Although specific diseases 
can be significant causes of infertility, an understanding of the 
normal anatomy, physiology, and the wide range of variations 
that can occur is an important aspect of investigating canine 
female infertility in clinical practice. 


Canine distemper virus Experimental exposure of 
pregnant bitches to canine distemper virus may produce 
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ANATOMY 


The presence of large numbers of neutrophils during 
other stage of the estrous cycle indicates 
process. 

Visual and Digital Examination of the Vagina 
and Vestibule 

Digital examination of the distal reproductive tract is valuable 
in the diagnosis ol a variety of abnormalities. However, the 
animal s size may limit the examination. Because ol the length 
of the distal reproductive tract, particularly that of the vagina, 
it is impossible to examine the vagina digitally in its entirety. 
Only the vulva, vestibule, urethral opening, and vagi- 
novestibular junction can be adequately evaluated with a dig¬ 
ital examination. Many of the abnormalities found in this 
best diagnosed with a digital examination and 
undetected with other forms of inspection. 

Vaginoscopy may be performed with an endoscope, a proc¬ 
toscope, or any fiber-optic equipment long enough (!5 to 
20 cm) to allow inspection of the entire vagina. The procedure 
can be performed on the awake, standing bitch with sedation 
used as needed. Rigid equipment [e.g., proctoscope) tends to 
allow better visualization of the vagina than the flexible endo¬ 
scopes because ol the collapsing nature of the vaginal folds. 
When flexible fiber-optic endoscopes are used, insufflation of 
the vagina with air is necessary for a thorough examination. 


any 

an inflammatory 




Embryologic Origins of the Posterior 
Reproductive Tract 

In normal sexual development of female dogs and cats, the 
urogenital sinus, genital tubercle, and genital swellings 
become the vestibule, the clitoris, and the vulva* respectively, 1 
The paramesonephric (mullerian) ducts give rise to the uter¬ 
ine tubes (oviducts), uterus, cervix, and vagina.- The caudal 
end of the vaginal canal opens into the vestibule by joining the 
urogenital sinus to the distal paramesonephric ducts at the 
vagi novestibular junction. Although both the paramesonephric 

ducts and the urogenital sinus probably contribute to the 
vaginal epithelium, the vaginal squamous epithelial cells 
considered to originate from the urogenital sinus.- The uro¬ 
genital sinus also gives rise to the urinary bladder and to the 
urethra, which enters the vestibule just caudal to the vagi no¬ 
vestibular junction. 
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Anatomic Relationship of the Vagina 
and the Vestibule 


The vestibule is the common external opening of the urinary 
and reproductive tracts. Cranialiy, the vestibule ends at the 
vagina, where the narrowing of the vaginovestihular junction 
be palpated digitally, t he vestibule has a distinct ventral 
slope starting at the vaginovestihular junction and extending 
caudally to the ventral commissure of the vulva (Figure 253-1) 
The urethral opening is on the ventral floor of the vestibule 

approximately 0,5 cm distal to the vaginovestihular junction. 

The vagina extends (caudal to cranial) from the vagi¬ 
novestihular junction to the cervix. The hitch has a relatively 
long vagina, which places the cervix in the abdomen, not the 
pelvic canal. This length makes examination of the vagina in 
its entirety difficult without special equipment and impossible 
using only digital palpation. The anterior part of the 


can 


vagma is 

quite narrow (5 to mm), which makes visualization of the 
cervix and its external os difficult even endoscopically. 


EXAMINATION OF THE VESTIBULE AND VAGINA 


Vaginal Cytology 


Vaginal cytology is the technique most widely used to evalu¬ 
ate the distal reproductive tract of the bitch and is valuable in 
the interpretation of the nature of vulvar discharges. 
Localization of a disease process may be facilitated by com¬ 
paring cytology from the vestibule to that of the vagina. 

Vaginal cytology is indicated any time disease of the repro¬ 
ductive tract is suspected. 

Neutrophils in low numbers are seen normally in vaginal 
cytology at any time except during the peak of the estrogenic 
phase of the estrous cycle (middle to late proestrus and all 
of estrus). Large numbers of neutrophils are seen in early 
diestrus; this influx of neutrophils is not associated with 
disease process and is considered 


Figure 253-1 Anatomic relationship of the vestibule and the 

vagina in the bitch. The insert shows the annular stricture at the 

vaginovestihular junction cranial to the urethral opening. Other 

structures shown are the urethral opening (open arrow head), the 

clitoral lossa (solid arrow kead) r the vaginovestihular junction 

(open arrow), the vagina (solid arrow) t and the vestibule (large 
solid arrow). 
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the bitch changes position. Bacterial or chemical vaginitis 
occurs secondary to the predisposing came. 

Strictures at the vaginovestibuiar junction are thought to 
cause problems in some individuals. Care must be taken to 
localize the area of inflammation before this diagnosis is 

made These vaginovestibuiar strictures can be easily identi¬ 
fied by a digital examination. Digital or surgical dilatation may 
be required to eliminate the problem, although recurrence 

Vaginectomy may be required in persistent cases. 
Vaginoscopy, contrast radiography, or other imaging modalities 
should be used to rule out foreign bodies, tumors, and uterine 
stump granulomas as predisposing causes 
Contrast radiography may be helpful in identifying anatomic 
abnormalities or concurrent urinary tract disease, including 
acquired ectopic ureters after ovariohysterectomy. 7 A knowl¬ 
edge of the normal changes that occur in the vagina with the 
estrous cycle is critical in the interpretation of contrast radio¬ 
graphs [Figure 253-3). When vaginoscopy is performed in an 

animal with chronic inflammation, care must he taken not to 
perforate the vaginal wall. 

Because systemic disease may predispose a hitch to vaginal 
infection, the animal's general health should be evaluated. If a 
predisposing cause is not identified, vaginal cultures should be 
performed and appropriate antibacterial therapy instituted. 
In some cases of chronic inflammation without any apparent 
predisposing cause, glucocorticoids may be useful tor elimi¬ 
nating the inflammation. Initial lavage of the vagina may he 
beneficial for removing accumulated material. 

Viral vaginitis has been described in conjunction with 
canine herpesvirus infection. Genital infections of canine her¬ 
pesvirus result in diffuse, multifocal, raised vesicular lesions on 
the vaginal mucosa that characteristically cause no clinical 
signs in the bitch. 1s No treatment is necessary, but it is advis¬ 
able to separate the affected animal from any pregnant bitches 
or neonatal puppies. 9 


The outside diameter of the endoscope must be 5 mm or less 
For complete visualization of the anterior vagina and paracer¬ 
vical area. 3 This small diameter may also be helpful for 
traversing the narrowing at the vaginovestibuiar junction for 
examining small bitches (those weighing less than 
9 kg). Body size does not always correlate with the vestibular 
and vaginal diameter, especially in the prepubertal or ovariec- 
tomized bitch. Equipment less than 5 cm in length (e.g,, oto¬ 
scopes) provide visualization only of the vestibule. 

Vaginal Bacterial Cultures 

It has become common practice for clients to request vaginal 
cultures from bitches prior to breeding. The literature 
includes reports on vaginal flora in normal bitches and bitches 
with reproductive tract disease 4 5 The species of bacteria iso¬ 
lated from the cranial and caudal vagina are similar in these 
two groups. The aerobic bacterial flora of the bitch's % r agina 
consists of common opportunistic pathogens, the presence of 
which does not influence fertility. 3 Careful interpretation of 
culture results is mandatory in the evaluation of an area with 
normal flora. Culture of the vagina during an overt disease 
process is valuable in the selection of appropriate therapy. 
However, isolation of opportunistic aerobic pathogens, anaer¬ 
obic bacteria, or my coplasm as in an asymptomatic animal 
does not constitute evidence of infection . A Research shows 
that prophylactic use of antibiotics in apparently healthy 
breeding bitches may predispose the vagina to colonization by 
organisms that are known opportunistic pathogens,*' Only a 
guarded swab technique should be used to obtain vaginal 

cultures. 


is 


common. 


(Figure 253-2). 
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VAGINAL ABNORMALITIES 


Vaginitis 

The term vaginitis describes an inflammatory process, not 

necessarily an infectious one. Inflammation can be identified 
easily with vaginal cytology and vaginoscopy The clinical signs 
those associated with irritation, such as licking, vulvar dis¬ 
charge, and attraction of male dogs. With vaginitis, vaginal 
cytology shows increased numbers of neutrophils in various 
stages of degeneration, with or without increased numbers 
of bacteria. Chronic vaginitis may induce the presence of lym¬ 
phocytes and macrophages. Vaginoscopy reveals the presence 
and extent of hyperemia, exudate, and mucosal lesions, such 
vesicles, ulcers, and lymphoid follicle hyperplasia. An 
attempt should be made to differentiate other systemic disor¬ 
ders that cause similar signs. Urinary tract problems should be 
ruled out as a cause of the vestibular irritation or attraction of 
male dogs. Lymphoid follicle hyperplasia is a common finding 
in the vestibule of bitches w ith urinary tract infections arising 
from chronic inflammation. Dermatologic lesions may be the 

of a perineal irritation and can prompt excessive licking. 
Comparison of vestibular cytology with vaginal cytology may 

aid in localization of the problem* 

Juvenile (puppy) vaginitis is a common malady in pre¬ 
pubertal bitches. The most common sign is purulent vulvar 
discharge. Juvenile vaginitis may respond to systemic antibac¬ 
terial therapy or to topical douching, but inevitably the signs 
return w r hen treatment is discontinued.The condition resolves 
naturally after the first estrous cycle, if not before. Neutering 
of these animals should be postponed until signs have resolved 
the first estrus has occurred.The vulvar area should be kept 
dean to prevent secondary skin problems. No other treatment 

is necessary. 

Adult vaginitis can be caused by anatomic abnormalities 
that lead to accumulation of discharge or urine in the vagina. 
Accumulation of urine in the vagina may cause apparent uri- 

ineontinence, with urine dribbling from the vulva w r hen 


Anatomic Abnormalities 

A variety of congenital abnormalities of the vagina and 
vestibule have been described. The exact incidence is 
unknown, but some of these abnormalities are common. 
Abnormal emhryologic development is responsible for most 
of these conditions. 

A persistent hymen occurs at the junction of the vagina 
and vestibule w T here the paramesonephric duct joins the uro¬ 
genital sinus. Incomplete perforation of the hymen usually 

annular stricture (see insert in Figure 253-1) or a 

vertical septum or band* Affected bitches most often have 
breeding difficulties, chronic vaginitis, or urinary incontinence 
unresponsive to conventional therapy because of urine 
pooling. Digital palpation is the preferred method of diag¬ 
nosing these conditions. Vaginoscopy may bypass the affected 
area. If these anomalies are incidental findings in an asymp¬ 
tomatic animal, no correction is necessary. Digital dilatation 
be attempted in either condition and may he successful, 
depending on the extent of the tissue involved. An episiotomy 
may be required to attain adequate exposure of the 
ginovestibular junction for surgical manipulation. A vertical 
band is easily removed surgically, and correction of the 
presenting signs is usually complete. An annular stricture is 

difficult to correct permanently. The stricture may be 

excised completely, with the mucosa dosed perpendicular to 

the initial incision, in an attempt to enlarge the lumen. 

Another approach is to make a series of radial incisions 

perpendicular to the lumen. Both procedures may require 

frequent and repeated postoperative digital dilatation 

prevent stricture recurrence. Clinical signs may persist after 

alter- 
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Figure 253-2 Uterine stump granuloma in a 
7-month-old spayed bitch presented for urinary 
incontinence. A, Lateral abdominal radiograph 
obtained after infusion of air into the colon (C) 
and iodinated contrast medium into the urinary 
bladder (B), The uterine stump granuloma (G) is 
evident as a soft tissue mass compressing the neck 
of the urinary bladder. B, Transverse computed 
tomographic image obtained at the level of the 
cranial pelvic canal [sacrum [S] and femur /F/), 
The granuloma is compressing the left ureter at 
the trigone and indenting the left dorsolateral 
margin of the urinary bladder (Courtesy Dr. Jeryl 
C Jones, Virginia-Maryland Regional College of 
Veterinary Medicine, Blacksburg, VA,) 
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Bitches with annular strictures may be bred artificially and 
re-evaluated immediately prior to parturition. Sufficient 
relaxation usually occurs to allow normal delivery of the 
puppies. Cesarean section or an episiotomy may be needed at 
parturition if relaxation is insufficient to allow whelping. 

Vaginal anomalies arise as a result of problems associated 
with organogenesis of the para mesonephric duct. The external 
genitalia and vestibule are usually normal in these animals 
because of their separate embryologic origin. Incomplete fusion 
of the paramesonephric ducts results in a vertical septum in the 
vagina (double vagina), ltJ Surgery is indicated if the bitch's 
intended use is breeding or if clinical signs are present. 
Concomitant anomalies must be ruled out prior to attempted 
correction of any abnormality. Segmental hypoplasia or aplasia 
of the vagina has been described in the bitch, and surgical cor¬ 
rection is not possible. Vaginal diverticula may occur and can fill 
with debris, causing local inflammation. Surgical removal of the 
diverticula is indicated to resolve this condition. Contrast radiog¬ 
raphy and vaginoscopy are helpful in identifying and defining the 
extent of the various vaginal anomalies. Ovariohysterectomy 
be indicated when the condition is extensive A partial 
vaginectomy may also be indicated when the condition i :z : 
mg secondary' problems, such as chronic urinary tract infections. 

Vulvar anomalies are occasionally identified in a bitch with 
breeding difficulties. Tight bands at the dorsal commissure 


a common cause of painful copulation (dyspareunia) and are 
easily identified with digital palpation. If necessary, the bitch 
may be bred artificially and re-examined immediately prior to 
parturition to assess potential whelping difficulties. Relaxation 
of the vul va is usually sufficient to allow normal delivery. 

Inverted vulvas may be found in prepubertal bitches. The 
vulva is inverted to the point of being hidden from view by 
skin folds, Vaginitis, perivulvar irritation, vulvar discharge 
urinary tract disease may occur secondary' to the infolding of 
the vulva and distortion of the vestibule and urethral opening. 
Neutering of these bitches should be postponed until after the 
first estrus. Eversion of the vulva normally occurs during the 
first estrus, and the condition is self-correcting. In bitches 
neutered prior to puberty, epi s i op I a sty may be necessary to 
alleviate the chronic urinary tract infections and perivulvar 
dermatitis associated with an inverted infantile vulva, 11 1Z 
Removal of the redundant skin folds around the vulva exteri¬ 
orizes the vulva, which iielps eliminate the perivulvar der¬ 
matitis. Exteriorization of the vulva results in less turbulence 
of urine during voiding, making ascending infections less likely 

(Figure 253-4). 

Faulty urogenital sinus embryogenesis may lead to congen¬ 
ital problems in the vestibule, vulva, and perineum. Open 
vulvar clefts, perineal dysgenesis, and rectovaginal fistulas have 
been described in the bitch and require surgical correction. 
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Figure 253-3 Variations in appearance 

canine vagina after retrograde positive contrast vaginography. 
A, A nestrus. Note the smooth mucosal margin a tion and absence 

the dosed cervix, which allows no 

ascend into the uterus. B, Estrus. Note the 


of filling defects, as 


as 


to 


contrast 

thickened rugae appearing as linear filling defects in the mucosal 

, which allows contrast medium to 

(Courtesy Dr. Jeryl Jones, Virginia 

Maryland Regional College of Veterinary Medicine, Blacksburg, 

VA) 


margins and the open cervix 
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Figure 253-4 Episioplasty in a bitch with an inverted vulva, 

performed as treatment for chronic urinary tract infections and 
peri vulvar inflammation. A, Presurgica) appearance of the vulva 
and surrounding skin folds; the arrow indicates the ventral com- 

of the vulva, B, Postsurgical appearance of the vulva after 


These distal abnormalities, which can be acquired or congen¬ 
ital, may be associated with other reproductive 
tract anomalies, Clitoral anomalies are usually associated with 
intersex conditions and take the form of clitoral enlargement 
with penislike anatomy (Figure 253-5), Surgical removal of 
the clitoris to prevent excoriation is advised if the clitoris pro¬ 
trudes from the vulva. 
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removal of redundant skin folds 


Vaginal Fold Prolapse, Vaginal Hyperplasia, 
and Vaginal Prolapse 

Under the influence of estrogen, some young bitches develop 
an edematous ventral fold in the distal vaginal mucosa imme¬ 
diately cranial to the urethral opening (Figure 253-6); this fold 

become large enough to protrude from the vulvar open¬ 
ing. Traditionally, this condition has been referred to as vaginal 
hyperplasia. Histologically, however, this tissue is no 
hyperplastic than the rest of the vagina under the influence of 

Pronounced edema is the major histologic lesion, 


may 


more 


estrogen i r 

with fibroplasia resulting from the edema. Prolapse ot a vagi¬ 
na! fold occurs almost exclusively when the bitch is under the 
influence of estrogen; this may occur at the first estrus or 
become evident during later estrous cycles. Once the condi- 

manifests itself, it has a tendency to recur during each 
subsequent estrus. The condition usually is self-limiting and 
resolves once the estrogenic influence ends at the onset of 
diestrus or vvith ovariohysterectomy. Ovariohysterectomy 

resolves the condition pcrnisiicntly and is the treatment of 

choice for animals not intended for breeding. Surgical removal 

of the prolapsed tissue can be attempted and resolves the con- 

animals. Artificial insemination 
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ale pseudohermaphrodite. 


Figure 253-5 Clitoris of a 

show ing penislike anatomy. 
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can be performed in affected bitches, with resolution expected 
with the onset of diestrus, Occasionally vaginal fold prolapse 
fails to resolve after estms, or ft recurs at the end of pregnancy, 

when estrogen levels rise slightly, 13 The condition is not gener¬ 
ally thought to be hereditary, although evidence indicates a 
hereditary predisposition in some family lines and some breeds 


Miscellaneous Vaginal Disorders 

Vaginal lacerations can occur during copulation, obstetric 
procedures, or vaginoscopy. Hemorrhage from the vulva is the 
primary sign. A bitch that bleeds from the vulva aftei breed¬ 
ing should be examined for vaginal tears The decision must be 
made whether suturing is necessary or possible. Systemic 
antibiotics should be administered to prevent infections, 

particularly dissecting pelvic infections. 

Vaginal and vulvar neoplasia account for 2 5% to 3% of all 
canine tumors N ; 70% to 80% of these tumors are benign 
Signs may include perineal enlargement, a mass protruding 
from the vulva, vulvar discharge, tenesmus, or dysuria. Tumors 
prolapsing from the vulva must be differentiated from vaginal 
I old prolapse through evaluation of the stage of the estrous 
cycle and its relationship to the onset of signs, the location of 
the mass, and failure of the mass to regress at the onset of 
diestrus. Leiomyomas are the most common benign tumor 
and are often pedunculated. Leiomyosarcoma is the most 
common malignant vaginal tumor. Surgical excision is the 
treatment of choice for tumors. Transmissible venereal tumors 
are more common in younger animals and respond readily to 
chemotherapy, The prognosis for vaginal and vulvar tumors is 
good provided metastasis has not occurred with the malignant 
tumors. Ovariohysterectomy is recommended at the time of 
removal because of the possibility of hormonal influence on 
the incidence and possible recurrence rate. 

Vaginal prolapse rarely occurs in the bitch or queen. It is 
usually associated with dystocia, tenesmus, or forced extrac¬ 
tion of the male during the genital tie in the dog. Uterine pro¬ 
lapse may follow, depending on the cause. Treatment involves 

replacement of the affected structures. An abdominal approach 

may be necessary' to replace the vagina An ovariohysterectomy 
may be performed at the time of correction if so desired 


B 


Figure 253-6 Vaginal fold prolapse (vaginal hyperplasia] m a 
bitch A, Vaginal fold prolapse protruding from the vulva; excori¬ 
ation is evident B, Vaginal fold prolapse originating anterior to 
the urethra] opening (arrow indicates urethral opening) 
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SEMEN EVALUATION 


and its submission for cytology and bacterial culture may help 
differentiate prostatic disorders from other problems, Semen 
evaluation may be performed before a dog is purchased, 
before he is first used for breeding, or if he show T s signs of 
infertility. Semen collection and evaluation are relatively easy 
and can be done at any small animal practice. The results 
should be recorded on the canine Breeding Soundness 


The purposes of semen collection and evaluation are to assess 
an animal for breeding soundness; to perform artificial insem¬ 
ination; to preserve semen; to attempt to localize the site of 

disorder in some infertile dogs; and to determine treatment 
response for infertile dogs. Collection of the prostatic fluid 
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Examination (BSE) form, which was devised by the Society 

for Theriogenology 

Semen Collection 

Equipment 

Semen from the dog is easily collected using an artificial 
vagina (AVi, a device composed of a latex rubber cone 
(Reproduction Resources, Hebson, Illinois) connected to a 
15 mL calibrated plastic centrifuge tube. 1 he AV should be 
washed with plain tap water (no soap, detergent, or other 
cleansing agent is used), rinsed thoroughly with distilled 
water, and air dried. Gas sterilization, it available, may he used 
on the AV. Some dogs may ejaculate into other containers 
under the pressure of hand massage alone. However, semen is 
collected successfully From most dogs with an AV because the 

AV simulates the pressure normally felt by the male during 

copulation. The calibrated collection tubes used in the proce¬ 
dure should also be washed with tap water, nnsed with dis¬ 
tilled water, and sterilized with gas or autoclaved before use to 
prevent the formation of formaldehyde residues, which are 
harmful to sperm. 1 

For optimum results, collection should be done in a quiet 
room with the dog on a notvslip surface and with the owner 
present. Semen may be collected before other examinations 
are performed, including the physical examination. For better 
responsiveness, the semen can he collected in the presence of 
a leaser bitch in pr oestrus or estrus. if a bitch in estrus is not 
available, a commercially available pheromone (Eau d Estrus, 
International Canine Genetics, Malvern, Pennsylvania; or 
mcthylparaben; Sigma Chemical, Saint Louis, MO) or vaginal 
swabs from a disease-free estral bitch can be used. The top of 
the AV should be folded dow r n, and a scam amount of lubri¬ 
cant should be applied to facilitate later removal of the device 
from the dog's erect penis. 

Procedure 

The male and female are brought on leashes into a collecting 
room and allowed to play for a few minutes. The semen 

collector, if right handed, kneels at the dog s left side and, 
holding the AV in the left hand, uses the right hand to move 
the prepuce up and down the penile shaft to achieve protru¬ 
sion of the penis into the AV. (Left-handed collectors may 
reverse the sides described above.) As the male begins to 
thrust the penis into the AV, the collector moves the sheath 
above the engorging bulbous glandis, keeping firm, steady 
pressure around the circumference of the penis to maintain 
the erection (Figure 254-1). Most male dogs ejaculate the 
presperm (clear) and sperm-rich fractions (cloudy) of the semen 

during pelvic thrusting; they then dismount and lift one hind 
leg as though trying to step over the bitch and achieve the tie. 
At this point the penis should be rotated 180 degrees, so that 
it is directed caudally, and held still, with tight pressure main¬ 
tained around the circumference, until the third prostatic 
fraction of semen has been ejaculated The pros taut fluid is 
ejaculated after a short pause in association with anal contrac¬ 
tions and rhythmic pulsations of the penile urethra, which the 
collector can detect. After a few milliliters of prostatic fluid 
have been collected, the AV may be removed from the penis; 
the dog may continue to ejaculate prostatic fluid for some time 
after removal of the AV The dog should not be kenneled or 
sent home until the erection has subsided completely and the 
entire penis is back in the preputial sheath. Normally this takes 
about 5 to 10 minutes after semen collection. 


a 










Figure 254-1 Latex rubber cone (artificial vagina) fitted over 
the penis during semen collection, 


Color The color of the sample is observed grossly in the 
collection tube. The first fraction should be dear, whereas the 
second (sperm-rich) fraction should be milky white. The third 
fraction (prostatic fluid) should be clear Yellow discoloration 
may indicate urine contamination or the presence of purulent 

exudate. A red or brown color may indicate prostatic disease, 
trauma, urethritis, or ulceration. 

Volume The volume of semen can be read directly from 
the calibrated collecting tube Volume varies among breeds 
and among individual dogs. Semen volume is not an impor¬ 
tant parameter with regard to the BSE, but it is necessary for 
determining the number of sperm per ejaculate, The separate 
volume for the prostatic fluid need not be recorded, because 
it varies according to the length of time the pro static fluid is 
collected. 


Sperm motility Motility testing should be performed 
immediately after collection. The examiner places a drop of 
undiluted semen on a slide with a cover slip, examines the 


Characteristics of Normal Cart me Semen 


SEMINAL FRACTION 


UNFRACTIONED 

EJACULATE 


3 


PARAMETER 


1 


2 


Clear Milky Gear 

white 


Color 


Opaque to 
wh ite 


Volume (mL) 


0 . 1-2 


0.1-4 


1-25 + 


30 


Evaluation 

Five parameters, in particular, should be evaluated and 
recorded for each semen collection (Table 254-1): the color 
and volume of the sample, and the motility, concentration/ 
total number, and morphology of the sperm. 


6.1-7.0 

Sperm motility > 80 % 
Morphologically > 80 % 
normal sperm 


6 . 2 - 6,4 


pH 
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Figure 2S4-2 Estimation of the percentage of motile sperm 

(i.e,, those moving in a progressive, forward manner) in a semen 
sample. 
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specimen at xlOO to x200 magnification (because 
spermatozoa are resistant to cold shock, the slide need not be 
warmed), and estimates the percentage of sperm cells moving 
in a progressive and forward manner across the field (Figure 

254-2}. Although sperm motility estimation i 
is a quick functional test. 


canme 
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is not precise, it 
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Concentration/total number of sperm The total number 

ot sperm in the ejaculate is more important than the concen¬ 
tration ol sperm per milliliter, because the concentration 
changes dramatically depending on the amount of prostatic 
fluid collected, I he sperm concentration can be measured 
wnh a commercial WBC Unopett system (Becton Dickinson 
Rutherford New Jersey] (Figure 254-3). The semen sample is 
stirred gently, drawn up into the capillary pipette (20 pL) 

vided with the kit, and dispensed into the diluent-containing 
reservoir chamber. Diluted semen then is dispensed into both 
chambers of a Neubauer hemocytometer (Becton Dickinson 
Rutherford, New Jersey) (Figure 254-4), and the contents of 

the grid s 1 -mm central 

squares) are counted 




ij 










i 












Figure 254-3 WBC Unopett system, used 
concentration. 


to measure sperm 


square (composed of 25 small 

eac h s ^e of the hemocytometer and 
averaged. 2 [The central square fills the field of a light 

microscope when the x 10 objective is used.) The number of 

«ii + ' * j r * square is the concentration in 

millions of spermatozoa per milliliter of semen. The total 

number of sperm in the ejaculate equals the concentration 

multiplied by the volume The normal total number of sperm 

ranges from 300 to 2000x106; large breed dogs ejaculate 

more sperm than small breed dogs.^ (Direct cell 
with the hematocytometer are time-consuming; quicker 
methods used to determine the sperm concentration are an 

electronic blood cell counter or spectrophotometer.) The total 

number of sperm may be decreased in quite young, old, and 
inbred dogs. 


on 


egardless of method. 4 E osin/nig rosin 
Giemsa stain (Difif Quik) 

For staining with eosin-nigrosin, 

1 ar-sized drop of stain are placed on 
slide and mixed gently with 
slide then is used as 


r 


stain and Wright's 
stains most commonly used, 
a drop of semen and a sim i- 

end of a clean glass 
wooden applicator. A second 
a spreader slide. A thin film, similar to 
blood smear, is made and air-dried. For staining with rapid 

Wright s Giemsa stain, the semen smear is made as for a blood 
smear, air-dried, and immersed in each of the three solutions 
for 5 minutes each. The slide then is rinsed and allowed to dry. 
One hundred sperm cells should be examined and the find- 
mgs recorded, including normal sperm, primary abnormalities 
(all head defects, proximally coiled tails, proximal cytoplasmic 
droplets), and secondary abnormalities (detached heads, bent 
tails, and distal cytoplasmic droplets). Primary abnormalities 
are abnormalities that occur in the testis during spermatogen¬ 
esis. Secondary abnormalities occur during epididymal trans¬ 
port or as a result of sample-handling techniques. Most dogs 
have greater than 80% normal sperm per ejaculation. 5 


are 


one 


i 


a 


a 


counts 


Sperm morphology Sperm morphology is usually 
assessed by staining the semen sample and observing the 
sperm under oil immersion (xlOOQ) objective. Various stain 
techniques may cause some artifactual changes in sperm mor¬ 
phology. Defects vary with the stain used, but the percentage 
of morphologically normal sperm should be fairly 


consistent 
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The prostate should be palpated by digital rectal examination 
after semen has been collected. 

Additional Diagnostic Tests 

Infertile dogs may require additional tests, including deter¬ 
mination of the seminal plasma pH; aerobic and anaerobic 
bacteria] cultures; culture for mycoplasmas and ureaplasmas; 
and semen cytology. Seminal fluid from samples that lack 
sperm should be evaluated for its alkaline phosphatase (ALP) 
concentration, which comes from the epididymis, to ensure 
a complete ejaculation. 2 Hormonal assays and epididymal aspi¬ 
ration, testicular biopsy, and chromosomal karyotyping may 
be considered in dogs with azoospermia. Ultrasonographic 
examination is a useful diagnostic procedure for detecting 
some abnormalities of the prostate, testes, and epididymis. 

Azoospermia 

Azoospermia is the ejaculation of seminal plasma without 
spermatozoa, 6 The causes of azoospermia may be classified as 
pretesticular, testicular, and post-testicular. Pretesticular 
causes in dogs include hypopituitarism, long-term high-dose 
steroid or anti neoplastic therapy, hypothyroidism, inguinal 
and scrotal hernia, and fever Testicular causes include inter- 
sex, germinal cell aplasia, bilateral cryptorchidism, testicular 
injury, irradiation, orchitis, autoimmune testicular disorders, 
and testicular neoplasia.- Phenotypic male dogs with chro¬ 
mosome abnormalities such as XXY or XX-male syndrome 
usually have aspermatogenesis, fn dogs, XXY karyotype usu¬ 
ally causes testicular hypoplasia and hypoplasia of tubular and 
accessory reproductive organs, along with azoospermia and 
sterility Post-testicular causes of azoospermia include 
obstruction of the collecting ducts, epididymides, or ductus 
deferens, including epididymal segmental aplasia; sperm 
granulomas; spermatocele; acute inflammation; neoplasia; and 
previous vasectomy 3 Some dogs may have azoospermia as a 
result of incomplete ejaculation. 

Incomplete Ejaculation 

Incomplete ejaculation may occur in normal, intact dogs that 
require the presence of a bitch in proestrus or estrus during 
semen collection. Some nervous or inexperienced dogs may 
also have an incomplete ejaculation. The dog may ejaculate 
only presperm fluid. More than one sample should be col¬ 
lected and evaluated before a diagnosis of azoospermia is 
made. Seminal fluid should be submitted for ALP measure¬ 
ment. The concentration normally is less than 5000 U/L for 
dogs that failed to have a complete ejaculation. Dogs with 
true azoospermia arising from causes 
blockage of the outflow tract usually have a seminal ALP con¬ 
centration greater than 5000 U/L. If the seminal ALP concen¬ 
tration is equivocal, another semen collection should be 
performed and the sample submitted for seminal ALP deter¬ 
mination. 2 

Oligospermia 

The term oligospermia refers to a low total number of sperma¬ 
tozoa in the ejaculate, Oligospermic dogs are not necessarily 
infertile. Causes of oligospermia reported in dogs include uni¬ 
lateral Sertoli cell tumor, orchitis, epididymitis, prostate dis¬ 
eases, incomplete ejaculation, retrograde ejaculation, overuse, 
and partial outflow obstruction, 2 9 Reported infectious causes 
of orchitis and epididymitis in dogs include Brucella sp., 
Escherichia coli r mycoplasma, and other aerobic organisms 
that make up the normal preputial flora. 2 Retrograde ejacula¬ 
tion has been reported in dogs, 10 The diagnosis of retrograde 
ejaculation may require collection of urine by cystocentesis 
after ejaculation and comparison of the number ol sperm in 
the ejaculate with the number in the urine sediment. 
Retrograde flow of semen has been demonstrated in dogs 
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Figure 254-4 Neubauer hemocytometer, which is used to 
count sperm. 










CANINE MALE INFERTILITY 


Infertility in the male may result from infections, 
docrinopathies, structural abnormalities, neoplasia, illness, 
or poor breeding management. Abnormalities of the genital 
tract, which includes the penis, prepuce, testes, epididymis, 
vasa deferentia, urethra, and prostate gland, may also result in 
infertility. These conditions may result in reduced libido or 
failure to achieve normal copulation. A thorough physical 
examination should be conducted after semen is collected. 


en 


History 

A complete medical history of the male dog should be 
obtained, including information on vaccinations, diet, medica¬ 
tions, past illnesses, and laboratory results, as well as a com¬ 
plete reproductive history'. The record also should include a 
list of all breedings; the litter size from each breeding; the 
results of previous semen evaluations; and the breeding his¬ 
tory of each bitch, including her estrous cycle, progesterone 
level, and conception rates from breedings with other males. 

Physical Examination 

A thorough physical examination should be performed. 
Abnormalities that may interfere with libido or ability to 
mount and achieve intromission include a persistent frenu¬ 
lum, hypospadias, disk disease, spondylosis, hip dysplasia, and 
a luxating patella. Dogs with heritable diseases should not he 
bred. The penis and prepuce should be inspected and pal¬ 
pated for any abnormalities. The erect penis can be examined 
after semen collection. 

The scrotum and testes should be palpated for consistency 
and shape. Testicular degeneration, hypoplasia, or atrophy 
may result in softening of the testis, whereas testicular fibrosis 
neoplasia may result in hardness of the testis. Although 
testicular size varies normally among breeds, the si 2 e should 
be measured with calipers and recorded. An abnormally 
enlarged scrotum or testis may indicate inflammation. 
Each epididymis, including the head, body, and tail, should be 
thoroughly palpated and the results recorded. 5 

The prostate is the major accessory sex gland and is 
responsible for seminal volume. It is an encapsulated, bilobed, 
bilaterally symmetric ovoid gland, located at the caudal 
pole of the bladder, that encircles the proximal urethra. 


other than bilateral 
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sedated with xylazine n Dogs with idiopathic oligospermia 
may be treated with a gonadotropin-releasing hormone 
(GnRH) agonist (] pg/kg given subcutaneously), with 
without subsequent treatment with human chorionic 
gonadotropin fHCG) (1600 IU given intramuscularly), 


The results of a complete blood count in dogs with BPH are 
normal, and aerobic bacterial culture of prostatic fluid shows 
less than 10,000 colony-forming units (CFU) per milliliter.' 3 

Treatment 

The treatment goals for dogs with BPH are to reduce the size 
of the prostate and alleviate the signs related to BPH. In most 
dogs, castration is recommended for BPH. Medical treatment 

is suitable for valuable breeding dogs and for dogs with a high 
risk of adverse reactions to anesthesia or surgery. The recom¬ 
mended drug for BPH treatment is finasteride (Proscar) 
administered at a dosage of 0,1 to 0.5 mg/kg (or l tablet/dog 
weighing 1 to 50 kg), given orally every 24 hours for 1 to 
4 months,' 3 in dogs with BPH that were treated with hnas- 
ti rkii the prostate became involuted through programmed 
cell death, or apoptosis, rather than necrosis, therefore 
inflammatory process arose in the involuted prostate,^ 
Finasteride reduces prostatic volume and the serum DHT 
level but does not adversely affect the semen quality libido, 
serum testosterone concentration, or fertility. ] 3 - 3 

Prostatitis 

Bacterial prostatitis is common in sexually intact dogs and can 
be acute or chronic. The organism most commonly found in 
dogs with prostatitis is E . coti l followed by staphylococci and 

streptococci 


or 


Teratoz oosperm i a and Asthe nozoos per mia 

The term teratozoospermia refers to a low percentage of 
morphologically normal sperm (greater than 80% of sperm 
should be morphologically normal)* Congenital causes of terato- 

zoospermia in dogs include fucosidosis, a lysosomal storage 
disease that affects epididymal epithelial cell function, causing 

the retention of cytoplasmic droplets. Acquired causes 
reported are testicular tumors; orchitis; prostatitis; high fever; 
and obesity, which causes an increase in the intrascrotal tem¬ 
perature due to periscrotal fat. The causes of asthenozoosper- 
mia (progressive sperm motility less than 70%) are the same 
as those for teratozoospermia, as well as infection of the 
reproductive tract, use of contaminated collection equipment, 
and immotile cilia syndrome Water-soluble lubricants, residues 
from the manufacture of latex or plastic AVs or collecting 

tubes, urine, and water can reduce the motility of sperm. 
Sperm agglutination and reduced motility may he found in 
dogs that test positive for Brucella infection. 


no 


2.9 


COMMON DISORDERS OF THE MALE DOG 


Clinical Signs and Diagnosis 

Clinical signs in dogs with acute prostatitis include fever; pai.., 

depression; straining to urinate or defecate; stiff-legged gait- 

hematuria; edema of the scrotum, prepuce, or hindlimb; and 

pollakiuria. During rectal examination of the prostate, dogs 

w ith prostatitis show signs of pain. The prostate may be asym- 

metric if abscessation is present. Dogs with chronic prostatitis 

may have clinical signs of infertility problems or lower urinary 

tract disease.- Dogs with prostatitis may have leukocytosis. 

The urine may contain blood, bacteria, and white blood cells. 

Prostatic fluid collected either by ejaculation or by prostatic 

massage contains a significant number of inflammatory cells, 

and the aerobic bacteria count is greater than 10,000 CFU/mL7 

Prostatic abscesses detected by ultrasonography are usually 

discrete, hypoechok or anechok lesions with or without 
distant enhancement. 


Benign Prostatic Hypertrophy 

Benign prostatic hypertrophy (BPH) is a naturally occurring 

age-related condition in men and intact dogs. Most dogs with 

BPH are over 5 years of age. Dogs with BPH are predisposed 

prostatic cysts, infections, and prostatic abscessation. An 

enlarged prostate may compress the descending colon or the 
rectum, or both, 2 


to 


Path ogenenes is 

The pathogenesis of BPH i 


not completely known. 
Dihydro testosterone (DHT), testosterone, estradiol, and some 
growth factors are involved in prostatk growth. 12 The hor¬ 
mone DHT, a metabolized form of testosterone, plays 

role in the growth of both the stromal and glandular 
nents of the prostate. 13 


is 


a major 
compo- 


Clinical Signs and Diagnosis 

Clinical signs of BPH include constipation, dripping of a 

sanguineous discharge from the tip of the penis, blood- 
contaminated urine or semen, and difficulty urinating. 13 Dogs 
with BPH may or may not show any clinical signs related 

BPH. Diagnosis of BPH requires determination of prostatic 
enlargement that is not caused by any other prostatic diseases 
The prostate gland of dogs with BPH is symmetrically enlarged 
and moderately firm, and no signs of pain are associated with 
rectal palpation. N Dogs with BPH that also have a prostatic 
cyst may have asymmetrically shaped prostatic lobes. 

Ultrasonographic examination demonstrates symmetrically 
enlarged prostatic lobes. The prostatic parenchyma is homo¬ 
geneous in echogenicity with or without a cavitating cystic 
lesion. On radiographic films, enlargement of the prostate is 
suggested if the prostatic diameter on lateral radiographs i 

greater than 70% of the distance between the sacral 
tory and the pubis. 

Prostatic volume 
formula: 


Treatment 

Prostatitis with abscessation can be treated medically and/or 
surgically. Surgical correction of prostatk abscessation may be 
associated with a high percentage of adverse sequelae. 
Surgical techniques used include marsupialization, placement 
of a Penrose drain, drainage with omentalization of the cavi- 
ties remaining, and partial prostectomy. 2 Medical treatment 
for prostatitis usually includes appropriate antimicrobial ther¬ 
apy. Finasteride therapy or castration should also be con¬ 
sidered. Combination therapy with an antimicrobial and 
finasteride is more successful than treatment with an antimi¬ 
crobial alone. Antimicrobial therapy should be based 
bacterial sensitivity. 


to 


on 


TESTICULAR PROBLEMS 


— 


promon¬ 
can be predicted using the following 


Cryptorchidism 

Cryptorchidism is the most common disorder of sexual devel¬ 
opment. It is defined as a lack of descent of one or both testes 
into the scrotum by 6 months of age. 0 in normal dogs, the 
testes usually have descended by 10 days of age. The incidence 
of cryptorchidism is higher in dogs (0.8% to 9.8%) than 
cats (1.7%). The condition is more common in certain 
breeds (e.g., toy and miniature poodles, Yorkshire 


[1/2.6 (L x W x D)] + 1,8 


where L is the greatest craniocaudal 


measurement, W is the 
transverse measurement, and D is the dorsoventral measure¬ 
ment of the prostate, as measured using ultrasonography. 15 


in 


terriers, 

















* Semen Evaluation, Canine Male Infertility and Common Disorders of the Male 


CHAPTER 254 


Chihuahuas, boxers, and miniature schnauzers). Cryptorchidism 
considered a hereditary disorder, therefore an animal with 
this condition should not be used for breeding. The exact 
mode of inheritance is not known, hut it is thought to be 

‘limited autosomal recessive type; therefore both 

it on to their 


is 


a 


males and females can carry the gene and pass 
offspring. 

The diagnosis is made on the basis of the physical exami¬ 
nation findings. In the cat, the perns should be examined for 
androgen-dependent penile spines (Figure 254-5). 220 The 
penile spines atrophy by 6 weeks after complete castration. 
(Retained testes are atrophic and are generally not visible on 
abdominal ultrasound scans.) An animal with unilateral cryp¬ 
torchidism (one testis in the scrotum) dog can produce sperm, 
whereas dogs that are bilaterally cryptorchid usually do not 
produce sperm. Because cryptorchidism does not affect 
testosterone production, a cryptorchid animal would show 
sexual desire and may be able to breed. 

Hormonal analysis is the definitive diagnostic test for 
differentiating bilaterally cryptorchid animals from castrated 
animals. Baseline serum testosterone concentrations of less 
than 0.02 ng/mL indicate an absence of retained testicular 
tissue. In dogs with abdominally retained testes, the serum 
testosterone concentration usually is 0.1 to 1.2 ng/mL, whereas 
in adult dogs with one or two scrotal testes, the serum testo¬ 
sterone concentration usually is 1 to 5 ng/mL. However, 
testosterone is secreted in pulses throughout the day, there¬ 
fore challenge testing may be more accurate than evaluation 
of a single sample, A hormonal stimulation test with HCG or 
GnRH can be used to demonstrate the presence and produc¬ 
tion of testosterone. 2 20 ' 21 The incidence of Sertoli cell tumors 
is higher with abdominally retained testes. Although not a 
common occurrence, torsion of an abdominal testis can occur, 
leading to sudden abdominal pain. This phenomenon occurs 
almost exclusively in dogs with testicular tumors. 

Treatment of animals with cryptorchidism is limited to cas¬ 
tration. In unilaterally cryptorchid dogs, both testes (scrotal 
and abdominal) must be removed. Medical treatment with 

hormones such as GnRH or HCG is not effective. Removal of 
carrier parents from the breeding population would result in 
a decrease in the incidence of this condition. 








co 




Figure 254-6 Unilateral left side enlargement of the scrotum 
of a 3-year-old pug with a hernia. 


1% is reported, and the condition occurs primarily in young 
dogs ranging in age from 5 months to 4 years (the average age 

is 1.73 years). 

Differential diagnoses include orchitis, testicular torsion, 
testicular neoplasia, sperm granulomas, and trauma. On phys¬ 
ical examination, a common finding is a fluctuant enlargement 
of the scrotum; in some cases, unilateral enlargement (Figure 
254-6) is associated with ipsilateral inguinal swelling. The 
definitive diagnosis is made by careful palpation of the scro¬ 
tum. Ultrasonography of the scrotum provides excellent 
information on the type of contents (Figure 254-7). 
Treatment involves surgical removal or repl 
herniated tissues. 


2 


acement of the 


Scrotal Hernia 

With a scrotal hernia, the abdominal contents pass through 
the inguinal canal into the scrotum. An incidence of less than 


Fig u re 254-7 Sonogram of the scrotum with a hernia. Note 

oval-shaped gray testis. The white areas below the testis are part 
of the omentum that has herniated from the abdomen. The black 

around the testis is fluid, which accumulated in the scrotum. 


area 

The hernia was corrected by surgery. 


Figure 254-5 Spines on the penis of a cat, 
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Testicular Tumors 

Testicular tumors are common in dogs and rare in cats. The 
three most 


common types are Sertoli cell tumors, seminomas, 

d 11 ^ 1M11 1 13 ^ LlL ' ■ ■'^ lLr 1!( Trie reported incidence of testicu- 
lar tumors is 0,91%, and the age of affected dogs ranges 2 to 

19 years. The tumors may be unilateral or bilateral. All three 
types are equally prevalent in descended testes. 

Dogs with testicular tumors most often have testicular 
c. nlargement without pain, A presumptive diagnosis is made by 
digital palpation and/or ultrasonographic examination of the 
scrotum. A neoplastic testis 




may or may not be significantly 
enlarged. Atrophy of the contralateral testis may have occurred 
as a result of hormone produced by the neoplastic testis 

intrascrotal temperature. Nonpalpable 
tumors may he visualized sonographically, but the tumor 
cannot be differentiated with this imaging modality. 

Castration is the treatment of choice. Because of the high 

incidence of bilateral neoplasia and atrophy of the unaffected 

testis, removal of both testes is recommended. Unilateral 
orchiectomy may be considered i 






or 


an increase in 


type 


in valuable breeding dogs. 
Sperm numhers decline 50% immediately after unilateral 
orchiectomy. Compensatory hypertrophy of the remaining 

testis, characterized by increased diameter of the seminiferous 
tubules, may be evident 






2 


3 ' 


$p tc 


z* T z 


early as 3 months after surgery. 2 
Sertoli cell tumors (SCTs) are more common in abdomi¬ 
nally retained testicles. The scrotal testis that contains 
SCT is usually enlarged and firm. S onograp hicdiy, the SCT i 

the testicular parenchyma as a hypoechok to 

commonly are associated with a feminizing 
paraneoplastic syndrome caused by estrogen secretion, which 
may lead to estrogen-induced pancytopenia, feminizing signs 
are reported in 24% to 39% of dogs with an SCT, The clinical 
signs of paraneoplastic syndrome include bilaterally sym¬ 
metric alopecia of the trunk and flanks with hyperpigmentation 
of the inguinal skin; a dry, easily epilated coat; gynecomastia; 
a pendulous preputial sheath; attraction of male dog 
bone marrow hypoplasia with 


as 


Figure 254-8 Testicular 

Dalmatian with 


seminoma from 


an 8-year-old 

an enlarged testis. Note the large areas of 
tabulated neoplasm and the areas of hemorrhage. 


a 


is 


visible in 


ane- 


choic area, SCTs 


Seminomas (SEMs) are tumors of the spermatogenic cells, 
A higher incidence of these tumors is reported in older 
German shepherds (those over 10 years of age). Up to 10% of 
SEMs may metastasize to local or distant sites. Seminomas 
vary in size from 1 to 10 cm in diameter, are soft on palpation, 
and grossly are seen as homogenous or ovulated masses that 
are cream to pink-gray on the cut surface (Figure 254-8). 

Interstitial (Leydig) cell tumors (ICTs), also called intersti¬ 
tial cell adenomas, arise from the endocrine cells of the testis. 
These tumors are small, usually less than 1 cm in diameter, 
and vary in color from yellow to brown on the cut surface. 
fCTs are the tumor of scrotal testes. Unlike the other 

tumor types, ICFs are an incidental finding 
n ec ropsy. 


s; 


. . non regenerative anemia,- Signs 

of feminization resolve within 21 days of surgical removal" of 
the SCI. The prognosis for dogs with bone marrow hypoplasia 
secondary to SCT is guarded. Exfoliated cytology of the 
preputial mucosa may be useful for confirming the presence 
recurrence of hyperestrogenism in dogs with SCT The 
epithelial cells show comihcation similar to that seen in the 
vaginal cells of a bitch in estrus. 


or 


two 

at the time of 


255 


CHAPTER 


Feline Reproduction 


Sophie A. Grundy 

Autumn P. Davidson 


REPRODUCTIVE TRACT ANATOMY 


peritoneum, which consists of the 


mesovanum, mesometrium, 
and the suspensory and proper ligaments of the 
ovaries of the queen 


The Queen 

Reproductive Tract 

The reproductive tract of the queen is suspended in the 
abdominal cavity by the broad ligament, an extension of the 


mobile, oval, and typically 8 to 9 mm 
long. 1 The ovaries are attached cranially to the diaphragm by 

the suspensory ligament, which is attached to the abdominal 
wall by th e mesovarium. The caudal pole of the 


are 


ovary is 
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cranial mammary glands drain into the axillary lymph nodes. 
No lymphatic connections exist between the cranial and 
caudal segments of the mammary glands or across the mid¬ 
line, nor does lymphatic drainage from the mammary' gland 

enter the abdomen or thorax. 3 

Placentation 

Implantation occurs 12 to 13 days after ovulation in the cat, 
Fetuses are usually evenly distributed in the left and right 
horns as a result of embryo transmigration. The queen exhibits 
zonary, endotheliochorial placentation resulting from the loss 
of maternal endometrial epithelium and connective tissue. 
The fetal chorionic capillary epithelium is in direct contact 
with the maternal capillary endothelium, and placental 
transfer of maternal antibodies has been demonstrated in the 

queen. 

The Tomcat 

Reproductive Tract 

The feline scrotum is ventral to the anus and lies dorsal to the 
caudally directed penis. The scrotum is densely covered with 
hair. The testes of the tomcat are ovoid to spherical and 

approximately K5 cm long and 

that the epididymis is craniodorsal/* 1 The epididymis is not 
normally palpable because of its close attachment to the 
testes. The spermatic cord and the tubular tunica vaginalis, 

relatively long due to the distance 

between the scrotum and the superficial inguinal ring. The 
feline penis is structurally similar to the canine penis, having 
proximal cavernous and distal osseous components. The 
penis is small (approximately 5 mm long) and is pointed 
distally. The prepuce is a thick fold with a caudally facing 
orifice. The penis is usually contained within the prepuce. The 
base of the penis is studded with six to eight rows of small, 
comified, keratinized papilla (spines), which are present only 
under the influence of testosterone. Penile spines are consid¬ 
ered a secondary sex characteristic in the domestic male cat 

(Figure 255-1). 

The tomcat has two accessory sex glands, the prostate and 
the bulbourethral gland. The prostate of the tomcat is bilobed 
and consists of the pars compacta and the pars disseminata. 
The pars compacta, which is approximately 1 cm long, 


attached to the tip of the uterine horn by the proper ligament. 
The lateral surface of the ovary is covered by an extension of 
the mesovarium, the mesosalpinx, and the medial surface is 
covered by the infundibulum of the uterine tube. The mesos¬ 
alpinx in the queen is small and contains no fat, permitting 
excellent laparoscopic visualization of the ovary. 

The uterine tube (oviduct) in the queen is 4 to 6 cm long 
and is visible as a tortuous structure within the mesosalpinx 
near the ovary. The uterus is bicornu ate and extends from the 
uterine tubes cranially to the cervix caudally. The body of the 
uterus is 2 to 3 cm long, and each horn is 9 to 11 cm long and 
0.3 to 0,4 cm wide. The mucous membrane of the uterus, 
which typically is reddish brown but may be focally pig¬ 
mented (black), contains wide, spiral, longitudinal folds. 
Trans abdominal palpation of the norma! uterus and uterine 
horns typically is possible only during estrus or pregnancy. 

The feline vestibule is 1 to 2 cm long, and the vagina is 
2 to 3 cm long. The externa! urethral orifice is located ven¬ 
tral ly at the vestibulovaginal junction. The feline cervix is 
approximately 45 mm cranial to the vulva.The cervix, vagina, 
and vestibule of the queen have a horizontal orientation. 
Examination of the cervix in the queen is difficult, because 
the vagina is narrower than the vestibule and nondistensible. 2 
The intravagina! component of the cervix is papilliform and 
has the external uterine orifice. The queen has major mucous- 
produdtlg vestibular glands (Bartholin's glands), 5 mm in 

diameter, in the lateral aspect of the vestibule. 

The vulva of the cat is covered with dense hair and does 
not vary during different stages of the estrous cycle because it 
is unresponsive to estrogen. The clitoris is small and protrudes 
slightly from the shallow fossa clitoridis; it is not normally 

visible. 

Mammary Gland 

The typical female cat has eight mammary glands arranged 
symmetrically in four pairs extending from the ventral thorax 
the abdomen. The preferred nomenclature for glandular 

identification is numeric; from 1 to 4, left and right, with the 
cranial glands being numbered 1. Each mammary gland 
sists of multiple lobules drained by four to eight ducts, which 
^ -- into each teat. The lymphatic drainage of the two caudal 
teats is the superficial inguinal lymph node, whereas the two 




o 


are positioned obliquely so 






which covers it, are 


os 


to 


con¬ 


open 




i 
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Figure 255-1 The smooth glands of a castrated male cat and penile spines of an intact male cat. 
(From Aronson LR, Cooper ML: Penile spines of the domestic cat: their endocrine behavior relations. 

Anat Rec 157:71-78, 1967.) 
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■TS"* th ^, dorsa antJ ventra] urethra 2 to 3 cm caudal to 

the bladder. The para disseminata consists of small lobules in 
the urethral wall extending from the bladder neck to the bul¬ 
bourethral gland. The bulbourethral glands are small (5 mm 

longj and lie dorsolaterally on the urethra at the level of the 
ischiatic arch. 


hmbs with rigid extension and treading of the pelvic limbs 
Queens in estrus may also exhibit other signs, such as lordo¬ 
sis, and a laterally deviated tail. The presence of a male cat 
is not required to induce clinical signs of estrus. Queens 
subjected to stress may not exhibit behavioral estrus. 

During copulation the male mounts the female and fre¬ 
quently bites the scruff of her neck. Male thrusting induces 
vocalization in the queen, which may be attributable to 
vaginal distention." During the immediate postcoital period 
the re male exhibits a characteristic rolling and grooms the 
perineal region. Multiple copulations are common during 
estrus and may occur as frequently as every 15 to 20 minutes' 

I he queen may exhibit mate preference towards particular 
tomcats. 

After estrus the 


REPRODUCTIVE PHYSIOLOGY 


The Queen 

The queen is seasonally polyestrous. Ovarian activity is pri¬ 
marily under the influence of photoperiod and is stimulated 
b> increasing hours of daylight. The true seasonal nature of 
the reproductive cycle of queens housed strictly indoors may 
not be evident. Cats maintained strictly indoors and exposed 
to artificial light for more than 14 hours a day may cycle at 
any time of the year and do not exhibit the typical seasonal 

breeding ot their free-roaming counterparts. However if these 

cats are returned to an outdoor environment, their' ovarian 

activity becomes seasonal in nature. The queen exhibits 

induced, or reflex ovulation. However, this is not an absolute 
phenomenon, and spontaneous ovulation 

Sexual Maturity amt Pubertal Estrus 

The queen typically reaches sexual maturity at 6 to 9 months 
of age. Two main factors influence the age of sexual maturity- 
body weight and exposure to light. The onset of ovarian activ¬ 
ity and sexual maturity in the cat occurs as body weight 
approaches 2.5 kg; exposure to long photoperiod is essentia] 
Queens exposed to outdoor light only typically exhibit estrus 
at the end of winter as day length increases. If a queen does 
not reach a body weight and age compatible with sexual 
maturity until late summer, when day length is decreasing 
ovarian activity and sexual maturity most likely will be 
delayed until the following spring. The impact of breed 
sexual maturity in domestic cats is small. As a general rule 
oriental breeds are considered to exhibit pubertal estrus at an 
earlier age compared to long-haired breeds. 


queen progresses through her estrous 
cycle, depending on the time of year, whether she experienced 
coitus, and her fertility. One of two outcomes follows estrus 

(Figure 255-2). One possible outcome is a nonovulatory cycle. 
Lack of ovulation typically occurs because of lack of copula¬ 
te 011 ’ If a queen does not ovulate, her estrous cycle will be 18 
days long.This includes approximately 8 days of proestrus and 
estrus with a 10 day interestrous interval 5 (Figure 255-3). 
Anovulatory queens continue to exhibit signs of estrus every 
1 8 days, providing they are exposed to increasing day length' 
The other possible outcome is an ovulatory cycle. Estrogen 
priming of the reproductive tract is required to permit 
in luteinizing hormone (LH) and ovulation in the queen 
Historically the release of gonadotropin hormone and ovula¬ 
tion in the cat were thought to occur only with stimulation of 
the vestibule and 


occurs. 5 


a surge 


cervix associated with mating; however, 
spontaneous ovulation also occurs in the domestic cat. 2 - 5 

If the queen ovulates and forms functional corpora lutea, 
the rise in the serum progesterone concentration marks the 

start or diestrus. During diestrus, the serum estrogen concen¬ 
tration returns to baseline, and an increase in the serum 

progesterone concentration inhibits ovarian follicular devel¬ 
opment and return to estrus (Figure 255-4). 

During an ovulatory nonpregnant cycle, the length of 
diestrus is determined by the life span of the corpora lutea. In 
the absence of pregnancy the corpora lutea spontaneously 
regress after 3 5 to 3 7 days. At this time, the serum proges- 
ter one concentration returns to baseline, and the queen 
exhibits behavioral estrus approximately 10 days later. This 
results in an interestrous interval of about 45 days. 

During an ovulatory pregnant cycle, the life span of the 

corpora lutea is prolonged and maintains the serum proges¬ 
terone concentration above baseline for the duration of preg- 
nancy If the pregnancy is carried to term, gestation length is 
about 65 days. After queening, lactational anestrus typically 
delays the return to heat for an additional 45 to 50 days 
Lactational anestrus is caused by inhibition of the synthesis of 

gonadotropin-re!easing hormone (GnRH) as a result of sen¬ 
sory input caused by suckling. The ovulatory pregnant intere¬ 
strous interval in the queen is approximately 120 days if 
lactational anestrus occurs. Pregnancy loss after 35 days results 
in a variable interestrous length. Typically, signs of estrus are 
detected about a week after pregnancy loss* 

The interestrous interval is defined as the interval between 
repeated heat cycles, during which the queen does not exhibit 
signs of estrus or permit coitus. In the absence of ovulation 
pregnancy, the normal interestrous interval in the queen is 
approximately 10 to 14-days. At the end of the interestrous 
interval, the onset of behavioral estrus is associated with 
waves of ovarian follicular activity and increased estrogen pro- 
duction. Each estrus is not necessarily associated with a new 
follicular wave. Typically, during the interestrous interval, the 
serum estrogen concentration returns to baseline, and the sub¬ 
sequent estrous behavior is associated with a new follicular 
wave. However, in some cats, follicular waves may overlap 


on 


Estrous Cycle 

In the absence of ovulation 


pregnancy, repeated estrous 
Cyc ‘ e L? ccur eve ^ T to 14 during increasing photope- 
nod T he jntervaI between repeated heat cycles is referred to 
as the interestrous interval. Other than the polyestrous cycle 

which results in an interestrous interval, the queen has an 

estrous cycle that may be considered in four phases, which are 

similar to those in the dog; proestrus, estrus, diestrus and 
anestrus. 


or 


Proestrus, the period of follicular development, is charac¬ 
terized by increasing serum estrogen concentrations- Queens 
do not permit mating during proestrus. The average duration 
of proestrus in the queen is 1 day. During this time, increased 
affection may be noted by the observant owner; however 
proestrus is difficult to identify clinically Under the influence 
ot estrogen, the epithelial cells of the vaginal vault become 
comihed during proestrus and continue to comify during 
estrus. In queens that permit vaginal cytology, vaginal 
may aid in the identification of proestrus, 

Estrus, the period of sexual receptivity, is associated with 
follicle maturation and peak circulating 
of estrogen. In the queen, peak 
occur at the same time 


smears 


or 


serum concentrations 

serum estrogen concentrations 
. _ . , maximal vaginal epithelial comifi- 

cation. During estrus the queen permits copulation. The aver¬ 
age duration of estrus in the queen is approximately 7 to 9 
days regardless of coitus or ovulation AThere are few external 
physical signs of estrus in the queen. The female cat in estrus 
exhibits extreme affection, with a marked increase in head 
rubbing, vocalization, and frequent crouching of the thoracic 
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Hormone profile of the queen’s reproductive cycle 

ncreased photoperiod is associated with decreased circulating 

lactin and melatonin concentrations are thought to fluctuate in 
assoaatton with one another. The exact relationship between 

9 * ™ prolactin and melatonin concentrations and ovarian 

ctivity is not well understood; however, during periods 
ovarian activity (estrus}, serum concentrations of both are low 7 

lirnlf t 17 ; b f 3 ,S pr ° duced association with the foj- 
eKeSTsSl c I on t c , entration Peaks during esSus, often 

decreases to baseline (less than 20 pg/mL) during the Pitere- 
strous interval. As a new follicular wave develops, the cycle 

rsr 1 cessation of * e breeding 2 hiduSon 

Induction of ovulation 


55 - 


05 


Cl 


45 


© 


2 


35 - 


(0 


© 


ns 


E 


25 - 


m 


of 


CO 


CL 


15 - 


5 


i 


i 


10 20 30 


40 50 60 

Days 


70 80 90 100 


Figure 255-3 Schematic representation of the 

secretion patterns that may occur during the 

cak (From Feldman EC, Nelson R [eds] 

Endocrinology and Reproduction, 3rd ed 
pp 744 and 992.) 


various estrogen 
estrous cycle of the 
: Canine and Feline 
■ VVB Saunders, 2001, 


_ in the queen has historically been 
JJjjJ?*? 1 *° , Vafimai . stimulation causing an LH surge. The 

the intensity and frequency of coital stimulation. An optimal 

Widrin f? ‘r Tk “ a “ 0ciati0n with copulations 
wuUtion P d ' ,n S ° me instances spontaneous 


the serum estrogen level may not return to baseline during the 

interestraus mterval. Clinically, these individuals are identified 

mania "Th” b , ehaVl0ral estrus ' Pronged estrus, or "nympho- 
ZJJ? phenomen f on « neither typical nor abnormal, 

nv r- Tu -“ t a me of ovarian quiescence, when there is no 

.varum follicular activity or functional corpora lutea (CL) In 
tooeriTT' , ane£ f trUS ? ccurs in association with a short pho- 

during winter. Indoor queens may exhibit maSiTSS 
xposed to less than 6 hours of light per day. Anestrus also 


occurs. 

If ovulation 


increase in th» 7 Ae resultm g cor P°ra lutea induce 
hth ^ X* S 7T FT* tePone leVel diestrus may be 

around f mm P ro g ester °ne concentration is noted 

nant lt,a1 2 ' * retum , to baseline h V 40. In the preg- 

corpora lutea, with the serum progesterone concentration 

TTie specific factors responsible for luteotropic support in the 

, a . rc unknown but they may be associated with placental 
deV ^TSmm refax deVel ° Pment ’ * 0th ? unid ^fied factors, 
pregnant queen. In early pregnancy (until day 25 of gesta! 

9 ng/mL) is reached around day 35 of gestation. During the last 

15 days of gestation, a decline is noted, and the 

concentration is undetectable 24 hours prior to parturition * 

pregnant queen, the serum prolactin concentration 
. ... , at da y 35 of gestation and peaks prior to 

rs^h“ Ctin “ U, e0t /° P,C in the pregnant 9ueen and 

goline) results in a decrease in serum prolactin and 1 decline 
m serum progesterone. Serum prolactin 

low during estrus. 
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Vaginal cytology during the estrous cycle Vaginal cytol- 

ogy sampks from the cranial vagina may be difficult to obtain 
in the conscious queen using a cotton tip applicator due to the 
nan-owness of the vaginal vault. As an alternative a ma 

fromThf S P'l mL3 Can be fiusbed int0 and ^Pirated 

m the vagma to harvest vaginal epithelial cells Vaginal 
cytology vanes during the estrous cycle of the queen. During 

reflected* h\^an S , emm estr °6 e " concentration if 

epitheIiaJ cells. As queens enter estrus, mucous secretions 

smLri debn V S T Visib! f m thc background of vaginal 
smears, this is referred to as clearing. 

increase in keratinized anudear squames is also noted 
vaginal cytology dunng estrus in the queen. 7 Vaginal cytology 
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during the interestrous interval is characterized by the pre¬ 
dominance of nucleated superficial and intermediate squa¬ 
mous epithelial cells. The diestrus smear in the cat has a 
predominance of parabasal cells. During anestrus, vaginal 
cytology is similar to that during the interestrous interval, 
with a predominance of nucleated superficial and intermedi¬ 
ate epithelial cells and much background debris/ Red blood 
cells are not noted during any phase of the reproductive cycle. 
Clinically, vaginal cytology in the queen may be used to detect 
the influence of estrogen in queens that fail to exhibit behav¬ 
ioral estrus or in those suspected of having ovarian remnant 
syndrome. Vaginal cytology is not a useful adjunct for ovula¬ 
tion timing in the queen nor is it useful for determining 
queening dates. 

The Tomcat 

The reproductive life span of the tomcat is reported to be more 
than a decade. In the absence of routine semen evaluation, 
information about reproductive performance is limited to 
litter production. Early declines in ejaculate quality typically 
remain undetected. 


that had undergone ovariohysterectomy (OHE). Clinical signs 
of estrus generally occur months to years after OHE but can 
begin days after the surgery. The residual ovarian tissue is 
typically not in an abnormal location, and there appears to be 
no predisposition for the left or right ovary. ^ Accessory ovaries 
have been reported, but failure to remove ovarian tissue that 
extends into the mesovarium is more likely. Revascularization 
of free-floating ovarian tissue has been reported. 10 

The diagnosis of ovarian remnant syndrome is based on 
observation of appropriate clinical signs and confirmation of 
the presence of functional ovarian tissue through measure¬ 
ment of the serum estradiol and/or progesterone levels. 
A serum estradiol concentration greater than 20 pg/mL is 
associated with clinical signs of estrus. Vagina] cytology is an 
inexpensive, convenient bioassay that can confirm the influ¬ 
ence of estrogen (i.e., comification of the vaginal epithelium). 
Provided that no adrenal pathology exists and that exogenous 
estrogens are not being administered, ovarian remnant 
syndrome is the most likely cause of cyclic estrous behavior in 
a cat thought to have been surgically neutered. Various tech¬ 
niques for confirming the presence of ovarian tissue through 
the use of GnRH or HCG have been described; however, this 
is seldom clinically justified. 11 An increased serum proges¬ 
terone level (greater than 2 ng/mL measured 2 to 3 weeks 
after estrus) may be seen in association with luteinization of 
ovarian remnants. 

Removal of residual ovarian tissue by exploratory 
celiotomy is curative. Surgery is recommended during estrus 
or diestrus, because the presence of ovarian follicles or corpora 
lutea aids the identification of residual ovarian tissue. Medical 
suppression of follicular ovarian activity with progestational 
or androgenic compounds is less desirable because of the side 
effects, such as diabetes mellitus. 

Mucometra and Pyometra 

Mucometra and pyometra may occur in the queen in asso¬ 
ciation with cystic-endometrial hyperplasia or as separate 
clinical entities. Under the influence of progesterone, the 
intrauterine leukocyte response is suppressed, myometrial 
contractility is reduced, and endometrial gland development 
is stimulated. Uterine quiescence and endometrial gland 
secretions create an opportune environment for bacterial pro¬ 
liferation. Intrauterine bacterial contamination may occur via 
ascending the urogenital tract or by the hematogenous route, 
resulting in a pyometra. Alternatively, the uterus may become 
distended with mucus and may remain sterile, resulting in a 
mucometra. £ + coli is the most common intrauterine bacterial 
isolate in feline pyometra. Exogenous progesterone adminis¬ 
tration and repeated heat cycles without pregnancy precipi¬ 
tate the development of pyometra. 

The clinical signs associated with pyometra in the queen 
vary with cervical patency. Most queens with pyometra are ill 
at the time of examination, having clinical signs ranging from 
anorexia, lethargy, and weight loss to those of septic shock and 
peritonitis resulting from uterine rupture. Queens with an 
open-cervix pyometra typically exhibit a moist perineum and 
purulent vaginal discharge, and owners may report increased 
grooming behavior. Polyuria and polydipsia may be noted in 
association with open and dosed pyometra as a result of die 
nephrogenic diabetes insipidus that occurs secondary to the 
effect of E, coli endotoxins on renal antidiuretic hormone 

(ADH) receptors. 

Clinicopathologic evaluation most often reveals a neu¬ 
trophilic leukocytosis and hypergjobulinemia. Hypoalbumin emia 
may be noted in association with sepsis, and a decreased blood 
urea nitrogen [BUN] may be noted with severe polyuria and 
polydipsia. The serum progesterone concentration at the time 
of diagnosis typically is greater than 5 ng/mL, Vaginal cytology 
is unreliable for the diagnosis of pyometra. However, cytologic 






Sexual Maturity 




Although spermatozoa may be evident in the spermatic cord 
of tomcats as early as 30 weeks of age, sexual maturity and the 
ability to mount, complete penile intromission, and ejaculate 
is fore prior to 1 2 months of age. Tomcats are typically sexu¬ 
ally mature by 24 months of age. Persian and British breeds 
may mature later (3 years of age). Early characteristics associ¬ 
ated with the development of sexual maturity in the tomcat 
include development of a rounded face and the onset of fight¬ 
ing, marking and mounting behaviors. Testicular descent is 
usually complete prior to birth. Spermatogenesis occurs in 
association with testicular weights greater than 1 g as body 
weight approaches 3 kg. The tomcat is capable of spermato¬ 
genesis year round; however, there is evidence of seasonal vari¬ 
ation in sperm production and increased spermatozoa 
concentrations during long photoperiods. 




Hormonal Profile of the Tomcat 

The basal serum testosterone concentration in the intact male 
cat varies as a result of the pulsatile nature of the release of 
LH and follicle-stimulating hormone FSH) from the pitu¬ 
itary. The serum testosterone concentration is an unreliable 
indicator of testicular function. In the domestic cat, penile 
spines develop under the influence of testosterone and pro¬ 
vide a clinically useful bioassay for detection of circulating 
testosterone. 


COMMON CLINICAL PROBLEMS 


The Queen 

Abnormal or Prolonged Estrous Behavior 
Estrous behavior in a previously ovariohysterectomized female 
cat may indicate the presence of ovarian remnant syndrome. 
Alternatively, abnormalities of the zona reticularis of the adrenal 
cortex may be associated with sex hormone production. 
Ultrasonographic examination of the abdomen and evaluation 
of the serum sex hormone concentrations, along with stimula¬ 
tion of adrenocorticotrophic hormone (ACTTH), may be useful 
for distinguishing between the two syndromes. Abnormal 
adrenal sex hormone production in the queen is uncommon. 

Ovarian Remnant Syndrome 

Ovarian remnant syndrome is the presence of functional ovar¬ 
ian tissue in a previously ovariohysterectomized animal. 
Functional residual ovarian tissue may produce enough follic¬ 
ular activity to trigger clinical signs of estrus in a female cat 
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specimens containing numerous degenerate neutrophils 
with intracellular bacteria are consistent with pyometra 
Ultrasonographic evaluation of the uterine horns is a reliable 
method of diagnosing pyometra. The uterine lumen is typi¬ 
cally distended with flocculent material of variable echog 
ity (Figure 255-5). Cystic ovarian structures may be noted, 
but the ultrasonographic appearance of the ovary varies. 

I he treatment of choice for pyometra is medical stabiliza¬ 
tion with antimicrobials and intravenous fluids, followed by 
surgical ovariohysterectomy. Medical therapy with natural 
prostaglandins and antimicrobials may he considered for 
queens with mucometra or for some cats with pyometra. 
Successful treatment of mucometra and pyometra with 
prostaglandin 2 -a (PGF r a) (Lutalyse; Pharmacia and Upjohn, 
Kalamazoo, Michigan) results from the drug's effect on the 
uterine myometrium, cervix, and corpora lutes. In the 
the corpus luteum is relatively resistant to the effects of 
nous prostaglandins. Repeated measurement of the 
gesterone concentration is advised prior to and during 
prostaglandin therapy to identify animals with persistent 
luteal function. Medical therapy should be considered only if 
animal is of reproductive importance. Candidates for med¬ 
ical PGF 2 -Ct therapy should be young (less than 6 years of age) 
and otherwise healthy with evidence of a patent cervix (i 
vaginal discharge). Contraindications for medical 
ment of pyometra or mucometra include 


Abnormal Mammary Development not Associated 
unth Pregnancy 

Mammary development in a nonpregnant or spayed female is 
abnormal. Care must be taken to distinguish between 
mary development, which typically involves more than one 
gland, and formation of a mammary mass. Mammary devel¬ 
opment occasionally may occur in male or female cats in asso¬ 
ciation with cessation of exogenous progestogen administration; 

however, the degree of mammary development is usually mild 
and transient. 

In comparison, mammary hyperplasia (also known as 
fibroadenomatous mammary hyperplasia) is associated with 
dramatic enlargement of multiple mammary- glands (Figure 
255-6). The glands typically are painless, but they may 
become necrotic and subject to secondary infection. Usually 
no milk production occurs in these glands. Mammary hyper¬ 
plasia is most frequently noted in young animals after their 
first estrous cycle. The condition appears to be associated with 
increase in the serum progesterone concentration, and 
antiprogestins may be indicated. 12 Surgical mastectomy is 
indicated with severe necrosis or infection. 

Mammary Masses 

Mammary tumors are the third most common neoplasia in 
cats. Early ovariohysterectomy is associated with a decreased 
risk of mammary neoplasia. Most feline mammary tumors 
malignant, and carcinomas are the most common tumor type. 13 


mam- 


emc- 








queen, 
exoge- 
serum pro- 






an 




an 


.e., 


manage- 

sepsis, peritonitis, 
significant organ disease, or old age, which is associated with 

an increased incidence of cystic endometrial hyperplasia. 
Concurrent administration of bactericidal broad-spectrum 
antimicrobials is advised. 
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PGFj-ct should he administered subcutaneously at a dosag 
of 0.1 mg/kg twice a day for 2 days, and increased to 0.2 mg/kg 
twice a day until abdominal ultrasound scans reveal no evidence 
of uterine enlargement, the complete blood count (CBC) has 
normalized, polyuria has improved, and the serum proges¬ 
terone level is less than 5 ng/mL. Synthetic prostaglandins are 
available for use in Europe, and the dosage must be adjusted 
to account for the variation in potency. Side effects of 
prostaglandin therapy include restlessness, emesis, salivation, 
tenesmus, diarrhea, lordosis, and kneading. Administration of 
the prostaglandin at a reduced dosage for the first 48 hours 
should reduce the severity of side effects. Breeding at the next 
estrous cycle is recommended. 
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Pregnancy Termination 

Please refer to Chapter 250. 
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Figure 255-5 Ultrasonographic image of dilated uterine horns 

in a cat with pyometra, (Courtesy Tom Baker, University of 
California, Davis.) 


Figure 255-6 Mammary hyperplasia in a cat, (Courtesy 
Dr. Richard Nelson, University of California, Davis.) 
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Failure to ovulate Queens with ovulatory failure main¬ 
tain an interestrous interval of approximately 10 days during 
the breeding season. Successful ovulation depends on the 
presence of mature follicles and an adequate LH surge, which 
is dependent on the frequency and number of copulations (if 
spontaneous ovulation does not occur]. Failure to ovulate 
indicates that mating was incomplete or that it occurred too 
infrequently or at the wrong time. Breeding management 
should be re-evaluated. 


Any detected mammary mass in the feline should be surgically 
removed with wide margins by an experienced surgeon and 
considered malignant until proven otherwise. Prior to surgical 
excision, ultrasonographic evaluation of the regional lymph 
nodes and radiographic evaluation of the thorax are advised to 
detect metastatic disease. 


Subfertility and Infertility 

Valuable breeding queens are commonly brought to a veteri¬ 
narian for evaluation as a result of failure to reproduce at 
an expected rate. It is essential that, in addition to ensuring 
that clients have realistic expectations, the clinician take a 
logical and thorough approach to evaluation oi the animal's 
reproductive performance and health. Subfertility in the queen 
refers to failure to produce an expected number of live kittens 
successfully; this may occur as a result of failure to breed or 
conceive or failure to carry fetuses to term. Infertility refers to 
the absolute inability to reproduce. Prior to any examination, 
cattery and breeding management must be evaluated to 
ensure that true subfertility or infertility exists. Good 
husbandry has a significant impact on reproductive perfor¬ 
mance in any species. Stocking density must be low enough to 
reduce stress associated with social situations and crowded 
conditions. Noise pollution should be avoided. Transport of 
animals between cages, and properties should be minimal. An 
adequate plane of nutrition should be maintained. 
Prophylactic techniques for common conditions should be 
performed on a regular basis, including routine retrovirus 
evaluation, appropriate vaccinations, grooming, nail trimming, 
dental care, external and internal parasite control, and appro¬ 
priate quarantine. 

Cattery owners should have a basic understanding of feline 
reproductive physiology so that estrous behavior, mating, and 
queening can be accurately recorded. Queens should be 
mated with a proven tomcat prior to infertility evaluation and 
ideally should be 1 to 6 years of age. 

After ensuring that breeding management is adequate, the 
clinician should take a complete history and perform a thor¬ 
ough physical examination. The queen should then be further 
categorized based on her reproductive status. 

Failure to cycle A combination of silent heat and sponta¬ 
neous ovulation may lead an owner to believe that a queen 
has chronic anestrus. Regardless of whether the owner 
believes that the queen cycles, evidence for ovarian activity 
should be obtained. Vaginal cytology provides a convenient 
bioassay for the influence of estrogen during intervals of 
increasing photoperiod. Animals that fail to show signs of 
estrus during appropriate light exposure may be categorized 
as having prolonged anestrus, 

Differential diagnoses for prolonged anestrus should 
include inadequate light exposure, prior gonadectomy, stress, 
abnormalities of sexual development, and drug administra¬ 
tion, If all differentials have been excluded, attempts can be 
made to induce estrus by housing a tomcat nearby and 
increasing the day length. Where appropriate, pharmacologic 
induction through administration of dopamine agonists or 
FSH analogs can be attempted. 

Prolonged estrus As previously mentioned, overlapping 
waves of follicular activity in the queen may result in signs of 
persistent estrus. Other explanations include ovarian follicular 
cysts and exogenous estrogen administration. Abdominal 
ultrasound is useful for detecting ovarian cysts. The cysts 
are typically greater than 4 mm in diameter and are visible 
in the parenchyma of the ovary; however, they may be diffi¬ 
cult to differentiate from follicles. Ovariohysterectomy is 
curative. 


Failure to conceive (prolonged interestrous interval) and 
pregnancy loss An interestrous interval greater than 25 days 
indicates that ovulation likely occurred. Explanations for 
failure to conceive include true conception failure and early 
fetal resorption. Ovulation should be confirmed by measure¬ 
ment of an increased serum progesterone concentration 48 to 
72 hours after cessation of mating. Abdominal ultrasonogra¬ 
phy may also be used to evaluate for implantation. Fetal 
resorption occurs most commonly in association with congen¬ 
ital defects, which may occur secondary to teratogen expo¬ 
sure, Feline leukemia virus is an important viral cause of 
embryonic death, fetal death, and abortion in the queen. 
Other infectious causes of fetal resorption include chlamydia, 
feline panleukopenia virus, feline corona virus, and feline res¬ 
piratory virus complex. Toxoplasma infection has been impli¬ 
cated in feline infertility. Bacterial infections (e,g,, Salmonella 
spp.) are more likely to result in abortion than resorption. 

Uterine monitoring for prevention of early pregnancy loss 
Uterine monitoring may be used during gestation to evaluate 
for premature uterine contractions (Figure 255-7). Pregnancy 

loss as a result of hypoluteoidism has not been documented in 
the queen. It is more likely that any decrease in serum 
progesterone associated with premature contractions occurs 
secondary to endogenous prostaglandin release and destruc¬ 
tion of the CL. Clinical signs associated with premature con¬ 
tractions are typically limited to an abnormal vaginal 
discharge (usually hemorrhagic) prior to term in the pregnant 
queen. Tocolytic agents (e.g., terbutaline) have been tried 
successfully in queens to reduce uterine contractions and 
carry pregnancy to term. 

Abnormal sexual behavior Infrequently, queens may 
exhibit intense dislike for particular males and refuse to allow 
breeding. Selection of an alternate male or artificial insemina¬ 
tion resolves the problem. In queens that fail to show signs of 








Figure 255-7 Pregnant queen with uterine monitor in place. 
(Courtesy Karen Copeley, Veterinary Perinatal Services, Colorado,) 
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estrus or that refuse to permit copulation, induction of ovula¬ 
tion followed by artificial insemination may be required. 

Uterine pathology Cystic endometrial hyperplasia may 
be associated with infertility in the older queen. Definitive 
diagnosis requires uterine biopsy No effective 
avail ab 1 e. 

The Tomcat 

Tomcats are not typically brought to the veterinarian for 
reproductive evaluation unless they have an external abnor¬ 
mality of the genital tract, are exhibiting poor libido, or show 
evidence of infertility. 14 

Abnormalities of the Genitalia 

Trauma Injury to the external genitalia and other parts 
of the body is common in tomcats as a result of intermale 
aggression and fighting behavior. Routine wound manage¬ 
ment, consisting of cleaning, debridement, and antimicrobial 

therapy is appropriate. Animals not intended for breeding 
should be castrated. 

Cryptorchidism Testicular descent in the tomcat is usu¬ 
ally complete at birth. However, because continued move¬ 
ment of the testicles in the inguinal canal is noted until 
puberty, it is wise to delay evaluation for cryptorchidism in 
the tomcat until 6 months of age. The incidence of c. 
torch idism in the tomcat is low, and there appears to be 
pre^lcctioii for the left or right side* In one retrospective 
study, cats were more likely to be unilaterally cryptorchid 
In the cats with bilateral cryptorchidism, both testicles were 
in the abdominal cavity. Persian cats were over-represented, i* 
Medical therapy for the treatment of feline cryptorchidism 

cannot be advocated due to suspected heritability. Surgical 
castration is curative* 

There is a single report of estrous behavior in a bilaterally 
cryptorchid tomcat in association with interstitial cell hyper¬ 
plasia,Feminizing syndromes in association with cryp¬ 
torchid testicles and Sertoli cell tumors are extremely rare in 

the cat. 

Testicular hypoplasia Testicular hypoplasia is rarely 
reported in the tomcat, because most male cats are castrated. 

However, it has been detected in association with prepu¬ 
bertal pan leukopenia infection, as a result of fever-induced 

germinal layer destruction, and in association with vitamin A 
deficiency. 


plasia have been reported in the cat. 1819 Clinical signs include 
dyschezia and intermittent constipation and hematuria- 

Urine Spraying and Masturbation 

The tomcat sprays urine to identify territory, and this is con¬ 
sidered normal behavior for an intact male. Castration resolves 

spraying in 80% of cats. 20 Urine spraying may persist in 
the castrated cal and is considered undesirable by 
owners, ft is important for the clinician to distinguish between 

spraying (typically on vertical surfaces) and inappropri¬ 
ate elimination* Selective serotonin reuptake inhibitors and 
tricyclic antidepressants are commonly used to reduce the 
occurrence of urine spraying in castrated males. There is a 
single case report describing the successful use of cyprohepta¬ 
dine for the treatment of urine spraying and masturbation in 
a tomcat 30 


treatment is 
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Infertility 

Evaluation of the tomcat for infertility is uncommon. Limited 
data are available regarding common problems and their suc¬ 
cessful management. Reported reasons for reproductive eval¬ 
uation of the tomcat associated with infertility include lack of 
libido, behavioral abnormalities, trauma, and infections. 
Tomcats infrequently undergo semen evaluation because of 
the reluctance of most owners to permit general anesthesia 
and electroejaculation to enable semen evaluation and 
because of the general lack of availability of this service in pri¬ 
vate practice. Evaluation of infertility in the tomcat should 
include cattery management evaluation as described for the 
queen, A complete physical examination should be performed 
and a routine dinicopathologic and infectious disease 
database should be obtained, in addition to evaluation of the 
genital tract for signs of trauma or abnormality. 


cryp- 
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Lack of Libido 

Gonadal ab norm at i ti es or sexual immaturity may result in 
a lack of libido in the male cat. In breeds that are typically 
late maturing, the evaluation should be delayed until 3 years 
of age. The penis should be examined to document the influ- 

of testosterone. Testicular palpation and measurement 
of testicular volume should be performed; however, currendy 

little published data correlate reproductive performance 

with testicular volume in the cat. Breeding management 
should be reviewed to ensure that husbandry or stress is not a 
contributing factor. If permitted, electroejaculation, semen 
evaluation, and artificial insemination are advised if the cat 
appears to be clinically normal and management problems 
have been excluded. Testosterone supplementation is not rec¬ 
ommended in tom cats as it results in negative feedback on 

endogenous hormone production! thereby exacerbating the 
problem. 


ence 


Orchitis Orchitis is 


in the tomcat and usually occurs 
secondary to a bite wound. It may also be the result of extern 

of peritoneal infection through the inguinal ring in asso¬ 
ciation with feline infectious peritonitis. Cats are naturally 
resistant to Brucella canis infection* 


rare 


sion 


Persist© nt penile frenulum In the cat, breakdown of the 
penile and preputial mucosal surface adhesion is an androgen- 
dependent phenomenon. Persistent penile frenulum is associ¬ 
ated with early castration (before 7 weeks of age). 


NEOPLASIA OF THE GENITAL TRACT 


Please refer to Chapter 188, 


Phimosis, paraphimosis, and priapism Phimosis (con¬ 
striction of the orifice of the prepuce) and paraphimosis 
(inability to retract the penis into the prepuce) are unusual in 
cats but may occur secondary to preputial trauma, or to 
entanglement of the hairs of the prepuce. Priapism (persistent 
erection) is also uncommon but has been reported in association 
with hemostasis, thrombosis, and failure of detumescence* 


PREGNANCY AND PARTURITION 


Fertilization takes place in the uterine tube. Morulae enter the 
uterus approximately 5 days after coitus, and embryos are 
distributed evenly in the left and right uterine' horns. 
Superfecundation is possible. The hormonal profile during 
pregnancy reveals increased serum progesterone and relaxin 
concentrations and a low serum estrogen concentration. The 
serum prolactin concentration increases in the latter half of 
gestation. The main source of progesterone support is the 
corpora lutea. Waves of ovarian follicular activity may 
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Pro static Disease 

The prostate is rudimentary and generally of little clinical 
concern. However, both bacterial prostatitis and prostatic 


neo- 
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gestation in the cat vary because of the inability to establish 
the time of ovulation accurately. As a general rule, parturition 
occurs 65 days from the first known breeding. 

Some queens have a decrease in rectal temperature 
approximately 12 hours prior to the onset of parturition. 
Stage one labor (cervical dilatation] commences with the 
onset of uterine activity and ends with complete cervical 
dilatation. During this stage, nesting behavior, increased licking 
of the perineum, and restlessness may be noted. Queens typ¬ 
ically choose to stay in the queening box at this time. Some 
cats that are particularly bonded to their owners may actively 
seek them. 

Typically visible abdominal contractions indicate the start 
of stage two labor. This stage is defined by coordinated uter¬ 
ine contractions and expulsion of the neonate. The first deliv¬ 
ery should occur within 1 to 2 hours of visible contractions. 
Clear, blood-tinged fluid is generally expelled from the vulva 
prior to delivery of the first kitten. It should be noted that pos¬ 
terior presentation of the neonate is common and is not nec¬ 
essarily associated with dystocia. Queening is typically 
completed within 12 hours. Litter size is breed dependent and 
ranges from one to 10 kittens per litter. 

Dystocia is less common in the queen than in the bitch. 
Uterine monitoring as described in the bitch has been used 
successfully in the queen to identify impending labor and 
to aid in evaluation of dystocia. 21 Medical therapy with oxy¬ 
tocin and calcium gluconate may be attempted without 
uterine monitoring. Uterine monitoring, when possible, may 
demonstrate the nature of the problem, and response to 
therapy can then be accurately judged. Uteroverdin (green 
discharge] present prior to presentation of a kitten; an inter¬ 
val longer than I hour between kittens; a sick queen; or stage 
one labor that lasts longer than 24 hours without the onset of 
stage two labor warrants examination of the queen by a vet¬ 
erinarian. The initial evaluation should consist of a physical 
examination, digital vaginal examination, radiography of the 
abdomen to establish the presence of kittens, and abdominal 
ultrasonography to ascertain fetal heart rates. Generally speak¬ 
ing, fetal heart rates less than 150 heats per minute indicate 
fetal distress, and cesarean section is advised to reduce neo¬ 
natal mortality and queen morbidity. If available, uterine 
monitoring may be used to direct medical management of 
dystoci a, 

Colostrum is produced as long as 72 hours postpartum. 
Neonates should nurse within l hour of birth. The typical 
duration of lactation in the queen is 4 to 6 weeks, depending 
on the time of weaning. Lactational anestrus is typical in nurs¬ 
ing queens; however, signs of estrus may occur as early as 

2 weeks postpartum. 

Care of the Partum Queen 

During lactation the metabolic demand doubles. In the imme¬ 
diate postpartum period, many queens are reluctant to leave 
their kittens and may show transient anorexia. A continuous 
supply of palatable, easily digestible, calorie-dense food should 
be available, in addition to an ample supply of fresh water. If 
possible, the food and water should be placed in the queening 
box during the first week of lactation to encourage consump¬ 
tion, Postpartum lochial discharge is normal in the queen and 
should be scant and reddish brown. Nursing queens should be 
monitored closely for signs of illness, such as excessive or 
abnormal vaginal discharge (putrid odor, black or green color], 
fever, in appetence, vomiting, or diarrhea. 

Involution in the queen varies between nursing and non- 
nursing queens. In the non-nursing queen, uterine size and 
tone return to those of a prepartum queen by 4 weeks post¬ 
partum, In the nursing queen, continued hyperinvolution 
occurs, resulting in a uterus similar in tone and thickness to 
that seen during ovarian quiescence. 22 


Figure 255-8 Ultrasound image of a gravid uterine horn with 
an intraluminal fetus and fetal membranes. (Courtesy Tom Baker, 
University of California, Davis,] 




occur during pregnancy, resulting in fluctuations in the serum 
estrogen concentration, which can result in estrous behavior 
during gestation. 

Pregnancy diagnosis by means of transabdominal palpation 
in the queen is best performed during the second and third 
weeks of gestation. During this time, palpation of the uterus 
reveals grape-sized vesicles. Later in pregnancy, the segmental 
nature of the uterine lumen is lost, and transabdominal palpa¬ 
tion is more challenging. Abdominal ultrasonography is the 
preferred technique for diagnosing pregnancy in the queen, 
because it is easy to perform during all stages of gestation and 
it provides information regarding fetal viability {Figure 255-8]. 
The normal fetal heart rate in the cat exceeds 2Q0 beats per 
minute, and heart rates are detectable as early as 25 days 
after mating. Radiographic detection of the fetal skeleton is 
possible at 45 days after breeding, 

A mild, transient increase in the serum estrogen level is 
noted several days prior to parturition; this is associated with 
upregulation of oxytocin receptor expression in preparation 
for parturition. 






Care of the Pregnant Feline 

Metabolic requirements do not increase until the second half 
of gestation. The current recommendation is to feed pregnant 
queens a commercially prepared, AAFCO-approved kitten 
diet at the time of pregnancy diagnosis; to increase the 
amount of food by 25% for weeks 5 and 6 of gestation; and to 
make an additional 25% increase for weeks 7 and 8 of gesta¬ 
tion. Food intake may be increased a further 25% in the final 
week of gestation. Commonly, cat breeders supplement preg¬ 
nant queens with raw liver during early pregnancy because of 
concerns about hypovitaminosis A; this is not necessary when 
queens are fed commercial cat food. Pregnant cats should be 
weighed once weekly and kept indoors. Weight gains in the 
range of 5% of body weight are anticipated per week. Routine 
vaccinations should he avoided because of the risk of cerebel¬ 
lar hypoplasia with the modified-live panleukopenia vaccine. 
Griseofulvin and glucocorticoids are known teratogens in the 
queen, and their use should be avoided during pregnancy. 


Clinicopothic Changes in the Pregnant Queen 

Plasma volume expansion in the queen results in a mild 
normocytic-normochromic nonregenerative anemia during 
late gestation. Queens should be given access to a box prior to 
their anticipated due date. A private cardboard box lined with 
towels provides the queen with a quiet, dark environment 
while also permitting observation. Reports of the length of 
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PARTURIENT AND PERIPARTURIENT 
PRESENTATIONS 


Neonatal Care 

Please refer to Chapter 256, 

Uterine Torsion 

There are several reports of uterine torsion in the queen 

(Figure 255-9). Uterine torsion should be considered a possi- 

ble problem in any queen seen in late pregnancy or during 
parturition with dystocia, abdominal pain, or hypovolemic 
shock. 13 Medical stabilization is essential to reduce mortality 
Intravenous colloids may be indicated for blood volume 
expansion. In addition, pain relief antimicrobial therapy and 
plasma products may be indicated. After stabilization, 
exploratory celiotomy permits definitive diagnosis, and surgi- 
cal ovariohysterectomy is curative. 


Figure 255-10 Uterine prolapse in a cat. [Courtesy Dr. Richard 

Nelson, University of California, Davis.) 


Retained Placenta 

Any excessive, malodorous vaginal discharge in the postpar¬ 
tum queen is abnormal. Placental retention should be a com 
sidered in any queen with a fever and increased or purulent, 
foul-smelling vaginal discharge in the immediate postpartum 
period. The diagnosis of retained fetal membranes is best 
made by means of ultrasonographic evaluation of the uterus 
because owner observations may be unreliable. In these cases, 
abdominal ultrasonography reveals uterine horn distension 
and focal hyperedioic intrauterine 
with 


examined promptly to reduce desiccation and trauma to the 
exposed tissue. Manual replacement of the uterus can be 
attempted; however, because repeated prolapse tends to 
occur, ovariohysterectomy is advised. 

Hypocalcemia 

Hypocalcemia [eclampsia) may occur early in lactation as a 
result of the sudden increase in calcium loss associated with 
milk production. Clinical signs include incoordination, stiff 
gait, facial pruritus, muscle fasciculation, hyperthermia and 
seizure activity. The diagnosis is based on clinical observations 
the lactating queen. Immediate medical therapy consists of 
slow intravenous administration of 2 to 5 mL of 10% calcium 
gluconate over minutes. Repeated a drn ini strati on may be 
required to achieve resolution of clinical signs. The electrical 
activity of the heart should be monitored during intravenous 

calcium administration to evaluate for arrhythmia. Long-term 
therapy should include daily calcium carbonate supplementa¬ 
tion (TUMS, 500 mg/day). If necessary, kittens should be 

vented from nursing and should be hand raised after 
colostrum. 

Mastitis 

Inflammation and subsequent bacterial infection of the .... 
mary glands during lactation are common. Clinical signs 
include anorexia, lethargy, fever, and vomiting. Neonates may 
have diarrhea. Affected glands appear red and swollen and l_ _ 
warm and painful Palpation may reveal firm areas associated 
with inflammation. The milk expressed from the affected 
glands may be grossly purulent and red or grayish, and the 
queen's body temperature may be increased. The most 
common bacterial isolates include Enterohacter sp., staphylo¬ 
cocci, and streptococci. Medical treatment, consisting of 

compresses, stripping of the affected mammary glands, 
and administration of broad-spectrum antibiotics usually is 
curative. In severe cases, when inflammation results in tissue 
necrosis, surgical debridement may be required. 


contents in association 
retained placenta. Mot Heal therapy, consisting of 

administration of PGF r a (Lutalyse), 0J mg/kg given stibcu 
taneously once a day for 3 to 5 days, is typically effective. 
Concurrent antimicrobial administration 

queens with a fever or 


is indicated in 


marked leukocytosis. 


in 


Metritis 

Acute metritis may occur in association with retained fetal 
membranes or as a result of ascending bacterial infection in 
the immediate postpartum period. Clinical signs of metritis 
mclude anorexia, fever, vomiting, kitten neglect, decreased 
milk production, and a purulent, sanguineous vaginal dis¬ 
charge. Medical therapy with PCF^-a (Lutalyse) and antimi¬ 
crobials may be attempted, providing that the queen is stable 
and the cervix is open. 

Prolapsed Uterus 

Uterine prolapse has been reported in the queen (Figure 255-10) 
Queens suspected of having uterine prolapse should be 
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Electroejaculation 

Although male cats may be trained to ejaculate using an 
artificial vagina, most client-owned cats presented for semen 
collection are untrained. Semen collection and evaluation in 
the untrained tomcat are best achieved using electroejacula- 
tion techniques with the cat under general anesthesia. 
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Figure 255-9 Torsion of a gravid uterine hom. (Courtesy 
Dr. Gerald Ling, University of California, Davis,) 
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Many drugs commonly used for sedation in the cat interfere 
with urethral sphincter function. When electroejaculation is 
performed, urine contamination negatively affects tfie quality of 
the ejaculate. The preferred drug combination for electroejacu¬ 
lation in the cat is ketamine and xylazine. An alternate option, 
in a cooperative tom that permits placement of an intravenous 
catheter, is a constant-rate infusion of propofol. In a recent 
study, a propofol infusion was shown to have a minimal 
impact on urethral sphincter function in dog; however, stud¬ 
ies in the cat have not been completed. 24 

Once sedated, tomcats are placed in lateral recumbency, 
and a well-lubricated rectal electroejaculation probe of 
appropriate size is inserted into the rectum. The penis should 
be gently exteriorized and held in the normal caudal orienta¬ 
tion for semen collection. For electroejaculation in the carni¬ 
vore, probes with longitudinal electrodes are preferred. 
The rectal probe is connected to a standard electroejaculator 
unit capable of measuring voltage and amplitude. The stan¬ 
dard electroejaculation regimen uses a total of 80 electrical 
stimuli delivered in three series, consisting of 30 (series 1:10 

stimulations at 2 r 3, and 4 V), 30 (series 2: 10 stimulations at 
3, 4, and 5 V), and 20 (series 3:10 stimulations at 4 and 5V) 
stimulations, 25 

Care should be taken to ensure light ventral pressure to 
maximize ejaculate yield. Semen should be collected in plas¬ 
tic supplies prewarmed to body temperature. 

Semen Evaluation 

Evaluation of the ejaculate should include determination of 
the semen volume, pH, and color, as well as the sperm count, 
percentage motility, progressive motility, gross morphology, 
and acrosomal integrity, 25 In comparison to the dog, cat ejac¬ 
ulate contains a higher concentration of spermatozoa (1,5 to 
2xl0 9 /mL). Counts are best performed manually using a 
hemocytometer. The volume obtained varies with the skill of 
the person performing the electroejaculation; however, an 
ejaculate volume of 50 to 100 pL per series may be consid¬ 
ered normal. The ejaculate should be cloudy. The normal pH 
of feline ejaculate is 7.4 to 8,3, Urine contamination is sug¬ 
gested by a yellow discoloration and is confirmed by a pH less 

than 7,4, 

Immediately after collection, the ejaculate should be eval¬ 
uated at body temperature for the percentage motility and 
progressive motility of sperm. Normal progressive motility of 
sperm in the cat is 50% to 80%, Sperm morphology is a 

commonly used indicator of fertility in the male, in general, 
lower fertility is thought to be associated with a higher per¬ 
centage of morphologically abnormal spermatozoa and/or a 
lower percentage motility. However, studies evaluating the 
percentage of normal spermatozoa required for consistent fer¬ 
tility have not been completed. 26 The gross morphology of 
feline spermatozoa may be determined by fixing an ejaculate 
aliquot (20 pL) in 500 pL of glutaraldehyde (1% solution], 
followed by phase contrast light microscopic evaluation at 
x 1000, 25 If phase contrast microscopy is not available, mor¬ 
phologic assessment can be performed by staining an air-dried 
smear of ejaculate with Diff Quick. Some domestic cats con¬ 
sistently ejaculate a high proportion (greater than 50%] of 
morphologically abnormal spermatozoa without associated 
infertility. 27 

Evaluation of acrosomal integrity is a useful adjunct to 
semen evaluation because it is critical to the fertilization 
process, Examination of the unstained feline acrosome may be 
challenging because of the small size of spermatozoa (26 pm 
long). Acrosomal staining prior to evaluation may be done in 
the cat using the protocol described by Larson and Miller, 20 or 
it may be completed with phase microscopy if available. 


Semen Freezing 

Cryopreservation of feline semen is important for the preser¬ 
vation of genetically valuable animals. Although semen freezing 
in the cat is not routinely performed in private practice, elec¬ 
troejaculation and semen collection and evaluation for the 

tomcat are not difficult. Numerous protocols have been 
described for cryopreservation of feline spermatozoa, the details 
of which are outside the scope of this chapter. 29 30 Of impor¬ 
tance is the susceptibility of feline spermatozoa to cold shock. 
To minimize damage, extreme care must be taken to ensure 
that everything that comes in contact with feline spermatozoa 
is at the same temperature as the sperm cells themselves. As a 
general rule, anything that is added to feline spermatozoa 
should be added slowly, with gentle mixing. Because of the 
high incidence of pyometra associated with feline artificial 
insemination, antimicrobials (commonly penicillin and strep¬ 
tomycin} typically are added prior to insemination. 

Induction of Estrus and Induction of Ovulation 
in the Queen 

Infrequently, induction of estrus may be required in the queen 
for artificial insemination with frozen semen or for queens 
that fail to exhibit clinically detectable signs of estrus. 
Induction of estrus in the sexually mature queen has been 
successfully achieved using exposure to long photo period or 
with administration of exogenous gonadotropins. Various 
protocols and dosing regimens have been described. Dosing 
regimens are described per cat, because ovulatory response is 

not related to body weight. Typically, 100 to 200 IU of equine 
chorionic gonadotropin (ECG; Sigma Chemical Co., St, Louis, 
Missouri) is used to stimulate follicular development, and 100 
to 150 IU of human chorionic gonadotropin (HCG; Sigma 
Chemical Co.) is used to stimulate final follicle maturation 
and ovulation. 3132 Ovulation occurs approximately 24 to 
36 hours after administration of HCG. 

The authors' preferred protocol is ECG, 100 to 150 IU, 

given subcutaneously or intramuscularly on day 1, followed by 
HCG, 50 to 100 IU, given subcutaneously or intramuscularly 
84 hours later. Insemination should be performed 2 to 3 days 
after HCG administration. Alternatively, cabergoline (5 pg/kg 
given orally every 24 hours) can be administered for a maximum 
of 15 days. Insemination should be performed on day 3 of estrus. 
Ovulation in the cat is compromised by preovulatory anesthesia. 
If artificial insemination is to be performed, it is important that 
ovulation occur prior to anesthesia or it may be inhibited. 
Because of the molecular size of exogenous gonadotropins, 
repeated administration may be associated with antibody for¬ 
mation and reduced ovarian response. The immunologic con¬ 
sequences of exogenous gonadotropin administration may be 
minimized by reducing the frequency and number of times they 
are used during an animal’s reproductive life. 

Artificial Insemination 

Cervical patency varies during the feline estrous cycle. Vaginal 
insemination is readily achieved using a bulb-tipped, 20-gauge 
needle and 1 mL syringe. Blind transcervical catheterization 
under general anesthesia has also been described. 33 The 
suggested insemination dose for artificial insemination is 
50 million progressively motile spermatozoa. 

Laparoscopic insemination in felines is well described. The 
suggested insemination dose is 10 million progressively motile 
spermatozoa per uterine horn. 
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CHAPTER 


Care of the Neonate and Fading Pups 


Gary C.W. England 


T he incidence of neonatal death is surprisingly high i 

domestic dogs bom in pet homes and to private breeders. 

The incidence of stillbirth is 6% to 33% of all births and 

the neonatal death rate ranges from 6% to 11%. Some of these 

cases can be attributed to genetic factors or dystocia, which 

can be difficult to avoid. However, in many such deaths, 

inappropriate or poor husbandry practices are the cause or a 

contributing factor. It is dear, however, that this need not be 

the case; in a survey of 1342 puppy births at the Guide Dogs 

for the Blind Association in the United Kingdom, the total 

rate for stillbirth and neonatal loss (up to 6 weeks of age) was 
less than 5%, 

Understanding the challenges facing the fetus at the end 

of gestation and during parturition, as well as the normal 

biology of the neonate, enables the veterinarian and breeder 

to better deal with neonatal problems. This chapter discusses 

those challenges and methods that may be used to overcome 
them. 


stimulator of respiratory drive in the neonate as it is in the 
adult). 

Also, body temperature declines rapidly after birth, because 
the wet neonate is bom into an environment cooler than the 
maternal temperature. Although a brief period of hypothermia 
may actually be useful as a mechanism to protect against the 
effects of hypoxia, it is clear that persistence of hypothermia 
contributes to neonatal mortality. In the normal neonate, 
hypoxia and hypothermia are rapidly reversed and a stable 
state is reached within 3 to 4 hours after birth. If the acid-base 
disturbance or hypothermia are maintained beyond this 
period, a fatal cycle of decline may ensue. Clearly, conditions 
such as dystocia (including, ultimately, cesarean operation) and 
poor mothering behavior prolong both hypoxia and hypother¬ 
mia, resulting in increased neonatal mortality. 

Neonatal Challenges 

The common challenges met by the neonate are persistence of 
the previously mentioned hypoxia, as a result of a delay in the 
removal of fetal membranes or fluid by the dam; persistence 
of hypothermia, associated with a delay in drying of the 
neonate; and a cold or drafty environment. Poor mothering 
behavior by an inexperienced primiparous bitch may be the 
primary cause of both hypoxia and hypothermia. 

Adequate intake of fluid is the next major hurdle for the 
neonate, not only because of the requirement to absorb 
colostrum (see discussion below) but also because adequate 
fluid maintenance is important for recovery from acidosis. 
Neonates have a relatively higher percentage of fluid in the 
extracellular space and relatively poorer renal function than 
do adults. This situation, combined with the neonate's ability 
to lose fluid because of a high surface area to body ratio, 
results in a greater susceptibility to changes in fluid balance 
for neonates compared to adults. 

Furthermore, the neonatal immune system is incompletely 
developed until at least 10 days after birth, which makes 
newborns susceptible to bacterial and viral infection. The dog 
has an endotheliahchorial placenta that allows approximately 
20% of passive immunity to be acquired by the fetus in the 
uterus. The remaining 80% of antibodies must be absorbed 
across the intestine within the first 24 to 48 hours of life The 
absorption of immunoglobulin G (IgG) from colostrum 
decreases markedly after this time, because the ability of the 
intestinal wall to absorb intact proteins declines. Failure to 
consume sufficient colostrum during the interval when the 
intestinal wall is open to the absorption of intact protein 
seriously compromises the immune status of the 

Neonates have limited reserves of body fat, and their 
ability to generate energy from precursors is poor. Also, 
because glycogen reserves are depleted shortly after birth 
(only limited storage of glycogen occurs), the neonate requires 
a prompt intake of energy. A short time without food 
result in a significant hypoglycemia, particularly m neonates 
that have been hypoxic or hypothermic. In humans, it has 
been suggested that anoxia can reduce gut motility and result 
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CHALLENGES TO THE FETUS AND NEONATE 


A number of factors may affect the survival of the neonate by 
challenging (1) the fetus during late gestation, (2) the fetus 

parturition, and (3) the neonate immediately after birth. 

Fetal Challenges during Late Gestation 

Any challenge that adversely affects fetal development and 
results in the birth of an underweight neonate is likely to 
influence the newborn's subsequent survival. In humans, low 
birth weight can result in immaturity of the cardiovascular 
system and other physiologic functions (Barker hypothesis), 1 
and this likely is also true in the dog. Such influences may 
make the puppy more susceptible to subsequent challenges, 
such as hypoxia, hypothermia, and neonatal infections. 

A small or underweight puppy may be the result of 
inappropriate nutrition or generalized debility of the dam, the 
parasite burden of the dam, specific or generalized placental 

lesions, or infection of the dam with agents that cross the 
placenta (e.g., canine herpes virus). 

Challenges at Parturition 

During the change from fetal to neonatal life, a number of sig¬ 
nificant challenges can arise that may compromise subsequent 
survival. For example, although uterine contractions are essen¬ 
tial to propel the fetus into the birth canal, this process also 
creates the opportunity for a decrease in the placental blood 
supply, constriction of the umbilical vessels, and early placen¬ 
tal separation. Most, if not all, pups are bom with mild to 
moderate hypoxia and slight to severe acidosis. The acidosis is 
generally respiratory in origin, but a metabolic component 
also is often present. In an adult, acidosis usually results in 
increased respiratory effort to remove the excess carbon 
dioxide. However, this is not always observed in the neonate 
(which suggests that carbon dioxide is not such a potent 


at 
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in abnormal uptake of ingested nutrients. Clearly, food intake 
can be restricted in its availability from the dam because of ill¬ 
ness, poor mothering, poor milk production or letdown, or a 
1 arge litter size. Several of these fa ctors may occur concomitanriy 
with hypoxia or hypothermia, compounding the problems. 

The neonate may also be faced with a number of chal¬ 
lenges from potential pathogenic organisms. In many 
these are normally commensal bacteria that become 
pathogenic in a debilitated animal. In some cases, primary 
pathogenic organisms are involved (e.g., canine herpes virus, 
discussed later). 


be large enough to allow the dam to stretch, and it should pro¬ 
vide sufficient room for a large litter. The sides should be high 
enough to prevent the puppies from escaping until they 
approximately 4 weeks old. 

In the last week of pregnancy, it is prudent to record the 
bitch's rectal temperature at least twice daily to detect the 
prepartum hypothermia that precedes the onset of parturition 
by 24 to 36 hours. This decline in body temperature is 
mediated by a sudden reduction in the serum progesterone 
concentration* The rectal temperature usually changes from 
approximately 39° C to less than 37° C. 

Care of the Bitch at Parturition 

Careful monitoring of the bitch at parturition can reduce 
neonatal mortality by reducing the risk of hypoxia and 
hypothermia and ensuring adequate intake of colostrum. 
Education of the whelping attendant is essential to 
that this individual understands the normal stages and time 
sequence of parturition. Uterine activity can he monitored by 
observation of the bitch's abdomen when she is relaxed, but 
monitoring is more accurate if external monitoring devices, 
such as a tocodynomometer, are used. 2 

Prompt veterinary attention should be sought if evidence 
of any form of dystocia arises. It is not possible to give defini¬ 
tive guidelines for every potential case of dystocia, but veteri¬ 
nary examination is warranted in certain situations, such as 
when the bitch (1) has exceeded 70 days from the last mating 
and has no signs of impending parturition; (2) is unsettled and 
strains forcefully but infrequently; (3) shows signs of straining, 
which then cease; (4) has a black/green vulval discharge with 
no signs of parturition; (5) shows a decline in rectal tempera¬ 
ture but parturition has not commenced within 48 hours; 
(6) has been straining ineffectually for 1 hour or longer; 
(?) has produced the last pup more than 2 hours previously 
but still is restless; and (8) has produced the last pup 
than 2 hours ago, and a larger litter is expected. 

Care of the Neonate 

The first essential steps after the pup's birth are to establish a 
clear airway, stimulate respiration, dry and warm it, and 
encourage it to suck. Normally this is achieved by the dam 
licking and nuzzling the pup* Young or maiden bitches may 
need help and encouragement with the immediate licking and 
cleaning. Failure of this behavior to occur, for whatever 
reason, can be catastrophic. 

It is essential that a clear airway be established 
fetus has been born* If human help is required, this involves 
removing the surrounding fetal membranes and clearing the 
mouth and nose of fetal fluid with either a dry towel 
small pipette. Gende compression of the chest usually estab¬ 
lishes respiratory effort* If this does not occur but the heart is 
beating, respiratory stimulation should continue by means of 
rubbing of the thorax and removal of more fluid by gendy 
swinging the neonate in a small arc (however, the latter course 
should be avoided unless absolutely necessary' because of the 
risk of brain trauma). In certain cases, administration of a 
respiratory stimulant (e.g*, doxapram hydrochloride! may be 
efficacious, as may administration of oxygen. If respiration 
does not commence, artificial respiration can be attempted. 
This should be done carefully so as to induce only slight lung 
expansion and not overinflate the lungs. If the heart is not 
beating, external cardiac massage combined with artificial 
respiration may be attempted. 

The umbilicus should be cut approximately 3 cm from the 
fetal abdomen; excessive bleeding can be prevented by appli¬ 
cation of a ligature. 

Once regular respiratory efforts are maintained, the neonate 
may be placed in a p re warmed box or incubator until it is 
active, at which point it may be returned to the dam and 


are 


Characteristics of Normal Neonates 

Neonatal pups are unable to stand at birth, although they 
quite mobile, using their front limbs to crawl. They normally 
spend 90% of the time asleep and cry only when they 
disturbed or hungry. During normal sleep, pups make fre¬ 
quent small movements of the limbs, characteristic of rapid 
eye movement (REM) sleep. 

The norma] rectal temperature for the first week after 
birth is 32 Q to 34° C* Respiration should be regular and even, 
usually 15 to 40 breaths per minute. The heart rate is usually 
200 to 220 beats per minute (bpm), and heart murmurs may be 
functional. The capillary refill time is normally 1 to 1.5 seconds. 

Normal birth weight varies according to breed, with pups 
of most medium breeds weighing 200 to 300 g at birth* 
The birth weight of healthy neonates increases by 5% to 10% 

per day, and failure to achieve this weight gain may indicate 
poor health. 

Pups are bom with their eyes closed; separation of the 
upper and lower lids, with opening of the eyes, occurs at 
approximately 10 to 14 days of life. 
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OPTIMIZING NEONATAL SURVIVAL 


more 


It is clear that during late pregnancy, parturition, and the early 
neonatal period, a number of significant challenges arise that, 
if not overcome, can result in the ultimate demise of the 
neonate* Having an understanding of these challenges allows 
the veterinarian or breeder to manage the pregnant, par¬ 
turient, and nursing bitch and her litter so as to reduce subse¬ 
quent mortality. 

Care of the Bitch Before and During Pregnancy 

Prior to mating, due consideration should have been given to 
routine anthelmintic treatment, although this does not 
sarily reduce the potential for transplacental infection with 
Uncinaria sp. or transplacental and transmammary infection 
with Toxocara organisms. If a significant problem has been 
identified in a kennel, daily oral administration of 25 mg/kg 

fenbendazole from day 40 of gestation until 2 days past 
whelping may reduce transmission to the fetus. 

During pregnancy, voluntary food intake usually increases; 
however, the body condition score of the bitch should be 
examined to ensure that she is not too fat or too thin* It is 
normal to increase the amount of food offered in the last 
20 days of pregnancy, at which time a diet consisting of at 

least 30% protein, 18% fat, and 20% to 30% carbohydrate is 
suitable. At whelping the bitch will be eating 60% more food 
than usual. Obesity during pregnancy and poor nutrition 
both can contribute to poor neonatal survival, resulting in 
fetal oversize or lactational problems and fetal undersize, 

respectively. 

One week prior to anticipated parturition, the bitch 
should be encouraged to accept a nest in a suitable environ¬ 
ment. This should be a warm, clean, draft- and damp-proof 
room that can be heated. The room is best isolated from the 
main thoroughfare of the household. Ideally, the bed should 
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encouraged to suck. Sucking normally occurs immediately 
after birth and at intervals of 2 to 3 hours for the first few days 
Hypothermia is a major cause of neonatal mortality, there¬ 
fore the environmental temperature is a critical factor. 
Because neonates are unable to regulate their own tempera¬ 
ture for the first week of life, they rely on the dam and other 
neonates for warmth. A chilled neonate does not respond 
normally or move properly, nor is it able to suck; this may 
cause the dam to neglect it, exacerbating the problem. The 
whelping area should be heated to 25° to 30° C for the first 
few days. This temperature may be almost unbearable for the 
dam, but it can be safely reduced to approximately 24° C 

after this time. It is most important that the litter be kept well 
away from any drafts. 

The area where parturition and rearing are to take place is 
also a concern. Although it is important that this room not be 
near a thoroughfare, it is beneficial for socialization of the 
puppies if noise can be heard, such as from a washing 
machine, a radio, or people talking. The room should be of 
sufficient size to allow the growing puppies to play and, where 
possible, to have access to an outside area. 

Care of Older Neonates 

During the first few weeks of life, the dam normally takes care 

of the needs of the litter. Nevertheless, the pups should be 

examined regularly. It is most important to assess for the 

general demeanor, weight gain, and general characteristics of 
healthy neonates described previously. 

Normally the dam licks the neonate's perineal region to 
stimulate it to defecate and urinate. After the first 2 to 
3 weeks, pups urinate and defecate voluntarily, which 
increases the amount of soiling in the whelping bed. The 
environment should always be kept clean, warm, and dry. 

An important neonatal assessment is the correct rate of 
development At 10 to 14 days, a pup s eyes should open, and 

it gradually should become able to focus on objects. It also 
should gain strength and begin to crawl around. 


that is often overlooked is the changing composition of 
mary secretions during lactation. 

The optimum milk protein concentration, total lipid 
centration, and milk fatty acid and amino acid composition 
vary markedly among the different species, and it is not appro¬ 
priate to substitute milk from another species, at least on a 
long-term basis. The preferred option is to use a commercially 
manufactured milk replacer because of the quality and con¬ 
sistency of these products. The milk should be warmed to 
body temperature (approximately 3 4 Q C) and should be fed 
according to the manufacturer's instructions, with regard to 
the pup's body weight and age. 

Artificial rearing is both demanding and time-consuming, 
especially if rearing is undertaken entirely without the bitch. 
Pups normally feed every 2 to 4 hours during the first 5 days 
of life, after which feeding declines to every 4 hours. Feeding 
can be achieved by using a commercial feeding kit, which con¬ 
tains a bottle and teat. This encourages normal sucking, but it 
can be time-consuming. The teat aperture should be large 
enough to prevent the pup from sucking in air but small 
enough to prevent the flow of excessive volumes of milk. 
Feeding can also be done with a drop per bottle or 2 mL 
syringe. In some cases it may be beneficial to use a stomach 
tube to feed the pups, especially during the first few days of 

life. This is especially useful for sick neonates or when the 
litter is large and the attendant faces time 

As previously discussed, neonates do not voluntarily urinate 
or defecate until 2 to 3 weeks of age. In the absence of the 
dam, the perineal region must be stimulated every 3 to 4 hours 
with a moistened piece of cotton to ensure normal voiding. 
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SICK PUPPIES 


Known Causes of Mortality 

Pups may fail to thrive and ultimately die for many reasons, 
including poor husbandry, maternal factors (e.g., illness and 
poor nutrition, which usually result in low birth weight pups), 
congenita 1 defects, problems at parturition (usually dystocia] 
resulting in anoxia or hypoxia), poor mothering behavior, 
trauma, immune insufficiency, and infection with viruses] 
bacteria, or parasites. These causes, most of which were 
described previously (except for infectious causes), account 
for approximately 45% of all cases of neonatal mortality. 

Infectious organisms are often given much prominence „ 
the cause of neonatal death, although they account only for 
about 20% of mortality cases, depending on the country. Some 
infectious agents are specific pathogens, whereas others 
opportunistic organisms that can colonize a compromised 
neonate. Specific examples of agents that can cause neonatal 
death include canine herpes virus, canine parvoviruSj, canine 
distemper virus, and some protozoa. 

Exposure of an immunologically naive bitch to canine 
herpes virus during late pregnancy can result in abortion or in 
neonatal death, usually 7 to 21 days after birth. Earlier demise 
of the pups does not occur, and on this ground alone herpes 
virus infection can be differentiated clinically from true fading 
puppy syndrome (see below). Canine parvovirus type 1 

the placenta if the bitch is exposed in early pregnancy; 
although such disease is rare, it may result in resorption of the 
fetuses or in acute neonatal death 7 to 21 days after parturition. 
Infection with canine parvovirus type 2 may cause myocardi¬ 
tis in neonates, although this now is uncommon. Similarly, 

congenital infection with canine distemper virus is rarely seen. 

Interestingly, a number of bacteria have been isolated from 
dead pups with peritonitis, pneumonia, pleuritis, and enteritis. 
These include beta-hemolytic streptococci, staphylococci, 
Fasreurella sp., Escherichia coli, Campylobacter sp., Salmonella 
and, less commonly, Ureaplasma and Mycoplasma 


Artificial Rearing of Neonates 

For a number of reasons, some or all of the litter may need to 
be reared artificially; such reasons include the death of the 
dam, the birth of a large litter, a sick dam, poor mothering 
ability, eclampsia, or inadequate milk production. When pos¬ 
sible, artificial rearing is best avoided. A good alternative is to 
foster the pups onto another dam, such as a 1 acta ting bitch 
that has just whelped and lost its litter or a bitch with 

dopregnancy. With 


as 


pseu- 

excessively large litter, it may be possi¬ 
ble to alternate some of the litter between artificial rearing 
and rearing by the dam. Whenever possible pups should remain 
in the nest with the dam to ensure normal socialization. 

It is essential that all neonates receive colostrum from the 
dam to ensure an adequate uptake of immunoglobulins. If the 
dam has died, it may still be possible to express 
colostrum from her as long as it is not contaminated with 
drugs or toxins. Colostrum from a different species may be 
used as an alternative to bitch colostrum, although the 
antibody protection offered is limited. Despite this, some non¬ 
specific defense against infectious agents may be afforded by 

compounds such as lysozyme, lactoferrin, oligosaccharides, 
and 1 actoperoxidases. 3 Furthermore, some evidence indicates 
that the lipid-dependent antimicrobial activity present in 
bovine milk may be effective in the neonatal puppy. 3 Clearly, 
the best alternative is to store colostrum for such a possibility 
by freezing or to purchase a commercially available prepa¬ 
ration. Some veterinarians claim reasonable success with the 
technique of subcutaneously injecting the neonate with 
serum from vaccinated dogs.* 

With artificial rearing, consideration must be given to the 
nutritional requirements of the neonate. An important factor 
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Most of these organisms are part of the commensal flora of the 
bitch's genital tract, and they cause disease only when the 
neonate has succumbed to one of the previously mentioned 
challenges. The inherent vulnerability of a neonate puts it at 
risk for colonization by these organisms, which may result in 
rapid death with few initial clinical signs. 

Transplacental infection with Toxoplasma gondii is uncom¬ 
mon, although experimental infection may result in neonatal 
death. Similarly, although the incidence of natural trans¬ 
placental transmission of Neospora caninum is unknown, 
experimental infection results in stillbirth with evidence of 
myocarditis. Taxocara canis infection usually causes disease in 
pups over 2 weeks of age, by which time the worms have 
grown large enough to cause gastrointestinal obstruction or to 
migrate up the biliary tract and cause hepatitis. 

Unknown Causes of Mortality (True Fading 
Puppy Syndrome) 

In approximately 55% of pups that die, no specific cause can 
be determined; these pups are correctly term ed fading puppies. 
Such pups usually have a normal birth weight but appear 
depressed and show poor sucking with persistent crying. The 
condition progresses to generalized weakness and ultimately 
to death, usually between day 3 and day 5 after birth. 5 Fading 
puppies usually have no macroscopic lesions (except often a 
small liver), no identifiable congenital defects, and no histo¬ 
logic lesions, and they simply have an absence of contents 
within the large and small intestine. They constitute a distinct 
category, separate from most other causes of neonatal death. 
These other “known" causes ultimately result in puppies that 
"fade,” but most often from day 7 after birth onward. 

Interestingly, Blunden et al. e found that true fading pup¬ 
pies (those with no other known cause) had significantly 
lower phosphatidylcholine components of lung surfactant 
than pups that died of known causes. Lung surfactant is 
required for normal respiratory adaptation and maintenance 
after birth. A significant reduction of surfactant is observed in 
sudden infant death syndrome in humans, and the low values 
in fading puppies suggest that faulty production of surfactant 
may similarly be involved in the etiology of this condition* 
In the normal animal, increased respiratory effort tends to 
stimulate surfactant production; it may be that pups with true 
fading puppy syndrome are bom marginally hypoxic and, 
because carbon dioxide stimulation of respiration is absent, 
they do not breathe deeply; they thereby enter a downward 
spiral of low surfactant, hypoxia, failure to thrive, failure to 
suck, hypothermia and, ultimately, death. 

Despite the clear difference in clinical presentation 
between true fading puppies and puppies with identifiable 
causes of disease, it is common for any puppy that becomes ill 
to enter a downward course of failure to feed, resultant dehy¬ 
dration, and death. Many veterinarians use the term “fading 
puppy" to describe this demise regardless of its cause. 

Clinical Signs of Sick or Fading Puppies 

True fading puppy syndrome generally is observed from day 2 
after birth onward, and most such pups die between day 3 and 
day 5. The pups usually show progressive weight loss, depression 
(or occasionally unusual restlessness early in the disease pro¬ 
cess), persistent crying, failure to suck, generalized weakness, 
dehydration, hypothermia and, ultimately, death. 

In conditions in which the cause of the illness is identifi¬ 
able, ill health usually results in frequent crying, restlessness, 
and hypothermia, progressing to clinical signs of diarrhea 
and/or dyspnea with resultant dehydration or cyanosis and, 
ultimately, death, usually later than 7 days after birth. In 
tain circumstances some neonates are more chronically 
affected and fail to grow as expected prior to the onset of 
obvious clinical disease. 


Consequences of Disease in Canine Neonates 

Whatever the initial challenge, the inherent susceptibility of 
the newborn results in its ultimate demise- Neonates have poor 
mechanisms of thermoregulation, which leaves them suscepti¬ 
ble to hypothermia. They are unable to shiver and have poor 
reserves of brown adipose tissue. Puppies have approximately 
one fifth the glomerular filtration ability of adults and almost 
twice the water requirement, which makes them susceptible to 
dehydration. At birth, they have high red and white cell counts, 
which decline rapidly over the first week, and immature liver 
enzyme systems. The neonate's ability to regulate blood glu¬ 
cose concentration also is immature, and the newborn relies 
almost entirely on hepatic glycogen reserves over the first 
24 hours. With prolonged parturition or a prolonged interval to 
feeding, the reserves may be exhausted, and hypoglycemia 
may complicate hypothermia. 

Treatment of the Sick Puppy 

Minor Disease 

Any neonate with minor signs of disease (lethargy, slowness to 
feed, lack of weight gain) requires early supplemental feeding. If 
the intake of colostrum is a concern, a source of frozen-thawed 
or replacement colostrum should be given, as discussed earlier, 
preferably before day 3 of life* Thereafter milk supplements 
should be fed by stomach tube every 2 hours. During this early 
phase, it is essential that the pup s body temperature be 
tained at approximately 34° C and the temperature should be 
recorded every few hours. The environmental temperature 
should also be monitored using a thermometer placed adjacent 
to the neonates and maintained at 25° C to 30° C. Adequate 
hydration should be ensured and can be estimated from record¬ 
ings of weight gain (measured three times daily), by evaluation 
of the skin's elasticity, and by examination of the urine. Because 
normal neonatal urine is colorless, the presence of color in the 
urine may be a useful and simple indicator of dehydration. 
General nursing care also is important and should include 
regular perineal stimulation to ensure urinary and fecal voiding. 

The use of antimicrobials may be considered in an ill 
neonate, not necessarily because of a primary infectious cause 
of the illness, but rather because a sick neonate is highly 
ceptible to colonization from otherwise commensal organisms. 
A commonly used antibiotic is clavulanic acid-potentiated 
amoxicillin, administered at a dosage of 12.5 to 25 mg/kg 
given orally twice daily* 

Significant Disease 

In a neonate with anything other than mild clinical signs, rapid 
and aggressive treatment is essential, including oxygen admin¬ 
istration, fluid therapy, and administration of broad-spectrum 
antimicrobial agents. 7 Despite such treatment, the mortality 
rate can be high. Absence of feeding, dehydration, or other 
clinical signs are indicators for immediate initiation of 
sive treatment. 

If significant disease is suspected, it is important that a 
regimen of rigorous clinical examination and evaluation every 
4 hours be established; it should include recording of the 
rectal temperature, assessment of the mucous membrane 
color and capillary refill time, recording of the respiratory and 
heart rates, and evaluation of skin elasticity and urine color. 
At specific points in time, evaluation of blood hematology and 
biochemistry may be useful. Many pups are hypoglycemic, 
and a rapid evaluation can be done by placing a drop of blood 
on a glucose reagent stick* 

It is important that normal laboratory values be interpreted 
with respect to the age of the neonate (Table 256-1), because 
the hematologic and biochemical parameters of neonates 
differ significantly from those of adults. 

An incubator or a homemade oxygen tent system can 
provide an oxygen-enriched environment for the 
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potassium (20 mmoI/L). Ideally the acid-base and electrolyte 
status should be established, although this may be difficult. 
If the acidosis is likely to be severe, bicarbonate may be given; 
administration of 2 mmol/kg over 2 to 4 hours is recom¬ 
mended if specific acid-base data are not available. 

Once the ideal fluid has been selected, it is important that 
ongoing maintenance and current deficits be estimated. 
Normal principles of the estimation of fluid deficit apply; as a 
rough guide for immediate replacement, 1.5 ml can be 
administered per 50 g of body weight. In many neonates the 
total fluid volume to be administered is small, and it may be 
useful to consider administration via a syringe pump to avoid 
overhydration. Intraperitoneal administration may be used if 
venous access is difficult or if ongoing monitoring to 
successful intravenous administration is likely to be inade¬ 
quate. The most appropriate intraperitoneal dosing scheme is 
to provide fluids in three boluses at approximately 8-hour 
intervals. The risk of accidental puncture of viscera is rela¬ 
tively small, although repeated needle placement poses a 
risk of sepsis. Despite the relative merits of this technique, 
intraperitoneal fluids may be relatively slowly absorbed, 

especially in hypovolemic neonates. In reality, it is preferable 
to ensure adequate venous access, 

If access to a vein is not possible, fluids may be adminis¬ 
tered by the intraosseus route. 0 In the neonate, 
mally is provided via the trochanteric fossa of the proximal 
femur or the flat medial aspect of the proximal tibia (distal 
the tibial tuberosity). The hair should be clipped and the site 
prepared aseptically A standard 18- to 20-gauge needle (size 
and length vary, depending on the pup's size) is used to push 
longitudinally into medullary cavity. In some cases the cortical 
bone is sufficiently soft to allow the use of an intravenous 
over-the-needle catheter. Repeated puncture is not advised, 
because holes in the cortical bone allow fluid leakage; how¬ 
ever the catheter may be left in position for up to 72 hours. 
Thereafter a new catheter should be placed in a different 
bone. Fluid and drugs can be administered via the needle at 
rates similar to those for intravenous Infusion. 

In some neonates hypovolemia may be complicated by 
sepsis, and the resultant combination of problems can be 
catastrophic. Although the use of corticosteroids in neonates 
with hypovolemic and septic shock remains controversial, 
short-acting intravenous agents (e.g., methy [prednisolone 
sodium succinate 1 are the drugs of choice. Septic shock may 
result in further depletion of glycogen reserves, increased 

of glucose, and decreased gluconeogenesis, 
resulting in hypoglycemia, in such animals, additional bolus 

glucose therapy can 


Table 


Normal Hematologic and Biochemical Values for 
Neonatal Pups (Birth to 8 Weeks Old) 


PARAMETER 


0 TO 2 WEEKS 2 TO 4 WEEKS 4 TO 8 WEEKS 


RBC (x IOVuL) 3.4-6 
Hb (g/dL) 

PCV (%) 

MCV (fL) 

MCH (pg) 

MCHC (%) 

WBC 


3.5- 4,8 

8.5- 8.9 
25-30 
50-80 
16-25 
32-35 
8-16,5 


4.5-6.8 

8.4-9.5 

26-40 

65-75 

20-30 

30-33 

10-18.9 


9-12.6 


32-50 

65-90 

21-30 

32-35 


ensure 


9-25 


(xIOVuL) 
ALT (IU/L) 
AST (IU/L) 
ALP (IU/L) 
TP (g/dL) 
Alb (g/dL) 
Glucose 
(mg/dL) 


20-300 

20-250 

200 - 10,000 

3.5- 5.5 

1.5- 3 
50-150 


10-30 
10-50 
150-500 
3.5-4.S 


10-50 

15-30 

100-150 


4-5 


1-2 


2-3 


60-150 


60-250 


RBC, Red blood cell concentration; Hb, hemoglobin concentration; 
PCV t packed cell volume; MCK mean corpuscular volume; 

MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular 
hemoglobin concentration; WBC , total white blood cell concentration; 
ALT, alanine aminotransferase; AST, aspartate aminotransferase, 

ALF, alkaline phosphatase; 77^ total protein; Alb t albumin. 


to 


Alternatively, a tracheal catheter 


can be placed, a technique 
that is especially useful for pups with concomitant 


upper 

respiratory tract problems. Oxygen administration can help 
overcome hypoxia, and artificial ventilation may be useful for 
reversing acidosis and encouraging the production of lung 

surfactant. 


Pups with pale mucous 


membranes and a slow capillary 
refill time (greater than 2.0 seconds) usually are at least 10% 

dehydrated. This fluid deficit must be replaced, in addition to 

the ongoing maintenance requirement. Fluid requirements for 

general maintenance are approximately 60 to 180 mL/kg/day. 

in a small number of neonates, fluid may be replaced by oral 

administration of electrolytes; however, in most pups, fluids 

must be provided by intravenous, intraperitoneal, or intraosseus 
administration. 


peripheral use 


be provided by using a 5% dextrose solu¬ 
tion mixed 50:50 with the 1 acta ted Ringer's solution or by 
giving 1 to 2 mL of 10% glucose intravenously. 9 

I n certain circumstan ces, specific drug therapy may be consid¬ 
ered, including administration of vitamin K] for pups with signs 
of hemorrhage, or administration of doxapram hydrochloride for 
pups with poor respiratory effort (or in an attempt to increase 
surfactant production). In human neonates, it is common to 
administer a surfactant (phospholipids, neutral lipids, and 
hydrophobic surfactant-associated proteins B and C from calf 
lungs) via the intratracheal route in an attempt to modify 
alveolar surface tension and thus stabilize the alveoli. 10 This 
treatment is combined with conventional mechanical 
ventilation or high-frequency oscillatory ventilation. Because in 
dogs with true fading puppy syndrome there appears to be an 
abnormality of lung surfactant composition, a similar treatment 
may be useful but currently is untested. 

Broad-spectrum antimicrobials frequently are adminis¬ 
tered to neonates with significant illness. In these cases it is not 
appropriate to wait for culture and sensitivity results; how¬ 
ever, it is sensible to collect bacteriologic samples prior to drug 
administration to allow concomitant processing, which may 


Intravenous catheter placement may be difficult in a dehy¬ 
drated neonate. An over-the-needle catheter should be used 
whenever possible, because this is the easiest type to keep in 
position for long periods. However, human neonatal scalp 
catheters may be technically easier to place in small vessels. 
It is always worthwhile to spend some time ensuring adequate 
venous access, and although surgical cut down onto 
initially may seem to lengthen the procedure, in the long-term 
it often is the most sensible option* The cephalic vein is most 
often catheterized, although because of the short length of 
the neonates leg, kinking of the catheter is common. 
Catheterization of the jugular vein is better. With catheter 
placement, care must be taken to perform appropriate sterile 
preparation of the site to avoid introducing 
providing a focus of infection. 

In the consideration of which fluids are most suitable for 
administration, it is sensible in most cases to assume that 
acidosis is a factor* The safest fluid replacement, therefore, is 
lactated Ringer's solution (although the neonate has reduced 
hepatic function and may be unable to metabolize lactate 
into bicarbonate), which is given with added maintenance 


a vein 


organisms or 
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result in a change in the selected antimicrobial once the results 
have been obtained. Culture of whole blood is recommended. 
When drug administration is considered, confusion often 
arises over products that are given to the dam and excreted in 
milk. A drug s concentration in milk depends on its lipid sol¬ 
ubility, blood protein binding capacity, and pKa; however, in 
general less than 5% of the maternal dose reaches the milk. 


program should include broad-spectrum anthelmintic ther¬ 
apy, which commences at 3 weeks of age and is repeated 
2 weeks later. Fecal examination to determine the parasite 
burden can modify the subsequent treatment regimen. 
Immunization of puppies with appropriate vaccines (canine 
distemper, parvovirus, adenovirus type II, and parainfluenza} 
should be initiated at 6 to 9 weeks of age. The precise choice 
of vaccine depends on the preference of the veterinarian and 
the particular circumstances of the client. 


INVESTIGATION OF NEONATAL LOSS 


It is important to ensure an accurate diagnosis of neonatal loss. 
All stillborn pups and those that die shortly after birth should 
undergo a detailed postmortem examination that includes 
appropriate bacteriologic, virologic, and histologic testing. 
The bodies should be chilled rather than frozen and then 
transported to an appropriate pathology facility. 


CONCLUSION 


Acquiring an understanding of the common challenges facing 
the neonate may help the veterinarian and breeder to reduce 
perinatal loss. In the absence of detailed research work into 
the physiology of birth adaptation, generic management 
strategies should be followed to ensure the health of the 
bitch during pregnancy and the care of the neonate during 
parturition and the first few weeks of life* When neonatal 
problems occur, rapid and aggressive supportive therapy is 
mandatory, as is proper investigation of all cases of neonatal 
mortality. 
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PREVENTIVE HEALTH CARE PROGRAMS 




A preventive health care program should be planned for the 
differing circumstances of each breeder. 11 In principle, this 
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CHAPTER 


Renal Disease: Clinical Approach and Laboratory Evaluation 

Stephen R DiBartola 


DEFINITIONS 


of urination. The 


owner should be questioned about pollaki- 
uria, dysuria, or hematuria. Care must be taken to distinguish 
dysuria and pollakiuria from polyuria and to differentiate 
polyuria from urinary incontinence. The distinction between 
pollakiuria and polyuria is important, because polyuria may 
be a sign of upper urinary tract disease, whereas pollakiuria 
and dysuria usually are indicative of lower urinary tract 
disease. Nocturia may be an early sign of polyuria but also 
occur as a result of dysuria. Normal urine output ranges from 

20-40 mL/kg/day in dogs and cats. 

Information about the initiation of urination and the diam¬ 
eter of the urine stream may be helpful, because animals with 
partial urethral obstruction may have difficulty initiating 
urination or may have an abnormal urine stream. If hematuria 
is present, the owner should be questioned about its timing. 
Blood at the beginning of urination may indicate a disease 
process in the urethra or genital tract. Blood at the end of 
throughout urination may signify a problem in either the 
bladder or the upper urinary tract (kidneys or ureters]. 

Polydipsia usually is more easily detected by owners than 
polyuria. Water intake should not exceed 60-80 mL/kg/day in 
dogs and 40 mL/kg/day in cats. It is helpfril to describe 
amounts in quantitative terms familiar to the owner, such 
cups (approximately 250 mL) or quarts (approximately I liter). 
The owner should be questioned about exposure of the 
animal to nephrotoxins, such as ethylene glycol in antifreeze, 
Easter lily (cats only), aminoglycosides [e.g, gentamicin), and 
nonsteroidal anti-inflammatory drugs (e.g., flu nix in meglu¬ 
mine, ibuprofen). Also, it should be determined whether the 
animal has received any drugs that could cause polydipsia and 
polyuria (e.g,, glucocorticoids, diuretics]. 


Azotemia is defined as an increased concentration of nonpro¬ 
tein nitrogenous compounds in the blood, usually urea and 
creatinine. Prerenal azotemia is a consequence of reduced renal 

perfusion (e.g., severe dehydration, heart failure), and postre- 
nal azotemia results from interference with excretion of urine 
from the body (e.g., obstruction, uroabdomen). Primin' renal 
azotemia is caused by parenchymal renal disease. The term 
renal failure refers to the clinical syndrome that occurs when 
the kidneys are no longer able to maintain their regulatory, 
excretory, and endocrine functions, resulting in retention of 
nitrogenous solutes and derangements of fluid, electrolyte, 
and acid-base balance. Renal failure occurs when 75% or more 
of the nephron population is nonfunctional. The term uremia 
refers to the constellation of clinical signs and biochemical 
abnormalities associated with a critical loss of functional 
nephrons, including the extrarenal manifestations of renal 
failure (e.g., uremic gastroenteritis, hyperparathyroidism). The 
term renal disease refers to the presence of morphologic or 
functional lesions in one or both kidneys regardless of extent. 


can 


or 


as 


CLINICAL APPROACH 


The clinician should try to answer the following questions: 

* Is renal disease present? 

* Is the disease glomerular, tubular, interstitial, 
combination of these? 

* What is the extent of the renal disease? 

* Is the disease acute or chronic, reversible or irreversible, 
progressive or non progressive? 

* What is the current status of the animal s renal function? 

* Can the disease be treated? 

* What nonurinary complicating factors are present and 
require treatment (e.g., infection, electrolyte and 
acid-base disturbances, dehydration, obstruction)? 

* What is the 

The diagnosis of renal disease begins with a careful evalu¬ 
ation of the history and physical examination findings, 

History 

complete history should be taken, including signalment 
(age, breed, sex), presenting complaint, husbandry, and review 
of body systems. The history of the presenting complaint 
should include information about the onset (acute or grad¬ 
ual), progression (improving, unchanging, or worsening), and 
response to previous therapy Information about husbandry 
includes the animal s immediate environment (indoor or 
outdoor), use (pet, breeding, show, or working animal), geo¬ 
graphic origin and travel history, exposure to other animals, 
vaccination status, diet, and information about 
trauma, illness, or surgery. 

Questions relating to the urinary tract include those 
about changes in water intake and the frequency and volume 


or some 


Physical Examination 

A complete physical examination (including fundic and rectal 
examinations) should be performed. Careful attention should 
be paid to hydration status and to whether ascites or subcuta¬ 
neous edema is present, because these 


may accompany 
nephrotic syndrome (i.e., glomerular disease). The oral cavity 

should be examined for ulcers, tongue tip necrosis, and pallor 

of the mucous membranes (Figure 257-]]. The presence of 
retinal edema, detachment, or hemorrhage or of vascular tor¬ 
tuosity should be noted during fundic 

Occasionally, severe hypertension secondary to renal disease 
resuits in acute onset of blindness due to retinal detachment. 
Young, growing animals with renal failure may develop 
marked fibrous osteodystrophy, characterized by enlargement 
and deformity of the maxilla and mandible (so-called rubber 
jaw), but this is rare in older dogs with renal failure. 

Both kidneys can be palpated in most cats and the left 
kidney in some dogs. Kidneys should be evaluated for size, 
shape, consistency, pain, and location. Unless empty, the blad¬ 
der can be palpated in most dogs and cats. The bladder should 
be evaluated for degree of distension, pain, wall thickness, and 
presence of masses, both intramural (e.g., tumors) and intra¬ 
luminal (e.g., calculi, clots), in the absence of obstruction 


prognosis? 


examination. 
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Figure 257-1 A, Buccal ulcer Uremic ulcers often are found in tissue overlying teeth (arrows). 
Oral ulceration is most commonly observed in dogs with primary (intrinsic) renal azotemia, 
B, Tongue margin necrosis. This lesion may occur in dogs with acute or chronic azotemia. 




distended bladder in a dehydrated animal suggests abnormal 
renal function or administration of drugs that impair urinary 
concentrating ability (e,g,, glucocorticoids, diuretics). The 
prostate gland and pelvic urethra are evaluated by rectal 
examination. The penis should be exteriorized and examined 
and the testes palpated. A vaginal examination is performed to 
evaluate for abnormal discharge and masses and to assess the 
appearance of the urethral orifice. 

Differentiation of Acute from Chronic Renal Failure 

Acute renal failure (ARF) sometimes can he difficult to 
distinguish from chronic renal failure (CRF). However, differ¬ 
entiation is crucial, because ARF potentially is reversible, 
whereas CRF is not. The history, physical examination find¬ 
ings, renal size, and hematocrit can be helpful in making this 
distinction. The kidneys are small [but can be normal sized 
and occasionally even enlarged) in CRF but are normal sized 
(or slightly enlarged) in ARF A history of previous polyuria 
and polydipsia is often (but not always) found in patients with 
CRF. Physical examination findings such as weight loss and 
poor haircoat suggest CRF but are not always present. 
Likewise, non regenerative anemia often but not always is 

found in patients with CRF 

Due to the development of renal secondary hyperparathy¬ 
roidism in CRF, ultrasonography of the parathyroid glands 
may be helpful in the differentiation of CRF from ARF. In one 
study the parathyroid glands of normal dogs and of dogs with 
ARF and CRF were evaluated using a 10 MHz linear-array, 
high-resolution transducer 1 As expected, the maximal mea¬ 
sured length of the parathyroid glands in dogs with CRF (3,9 
to 8.1 mm) was greater than that for normal dogs (2 to 

4.6 mm) and dogs with ARF (2.4 to 4 mm). Although mea¬ 
surements overlapped somewhat among groups, parathyroid 
gland ultrasonography may be helpful in the differentiation of 
ARF and CRF, Parathyroid gland size appeared to be related 
to the body weight of the dog. 

Urea can dissociate into isocyanic acid, which in turn can 
react nonenzymatically with the terminal valine residue of 


hemoglobin to form carbamylated hemoglobin. The amount 

of carbamylated hemoglobin present is related to the severity' 
and duration of azotemia, Carbamylated hemoglobin concen¬ 
trations are higher in dogs with renal failure than in control 
dogs and higher in dogs with CRF than in those with ARF. 






2.3 






LABORATORY EVALUATION OF RENAL 
FUNCTION 


Glomerular Function 

Evaluation of glomerular function is an essentia] part of the 
diagnostic approach in dogs and cats suspected of having renal 
disease, because the glomerular filtration rate (GFR) is 
directly related to functional renal mass. Determinations of 
the serum creatinine and blood urea nitrogen (BUN) con¬ 
centrations are commonly used screening tests; the creatinine 

clearance test is useful in pets suspected of having renal 
disease that have normal BUN and serum creatinine concen¬ 
trations, Plasma clearance of radioisotopes and renal scintigra¬ 
phy are sophisticated techniques that may be used to 
determine the GFR and obtain information about kidney 
function but that do not require urine collection. Evaluation 
of urinary protein excretion allows assessment of primary 
glomerular disease (e,g., glomerulonephritis, glomerular 
amyloidosis). 

Blood Urea Nitrogen 

Urea is synthesized in the liver via the ornithine cycle from 
ammonia derived from amino acid catabolism. The amino 
acids used in the production of urea arise from the catabolism 
of exogenous i.e,, dietary) and endogenous proteins. Renal 
excretion of urea occurs by glomerular filtration, and the BUN 
concentration is inversely proportional to the GFR. Urea is 
subject to passive resorption in the tubules, and this occurs to 
a greater extent at slower tubular flow rates, which occur 
during dehydration and volume depletion. Thus urea clear¬ 
ance is not a reliable estimate of the GFR, With significant 
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vascular volume depletion, decreased urea clearance 
occur without a decrease in the GFR. 

The production and excretion of urea do not proceed at 
a constant rate. These two processes increase after a high- 
protein meal, therefore an 8- to 12-hour fast is recommended 
before measurement of the BUN concentration to avoid the 
effect of feeding on urea production. Gastrointestinal 
bleeding can increase the BUN concentration, because blood 
represents an endogenous protein load. In 52 dogs with 
bematemesis, melena, or both, the BUN concentrations and 
BUN to creatinine ratios were significantly higher than in 
age-matched control dogs; this suggests that gastrointestinal 
hemorrhage contributes to an increased BUN concentration in 
dogs as a consequence of increased gastrointestinal absorpti 
of nitrogenous compounds.'* Clinical conditions characterized 
by increased catabolism [e.g., starvation, infection, fever) 
also can increase the BUN concentration. Some drugs may 
increase the BUN concentration by increasing 
catabolism (e.g., glucocorticoids, azathioprine) or by decreas¬ 
ing protein synthesis (e,g. r tetracyclines), but these effects 
likely are minimal. On the other hand, the BUN concentra¬ 
tion can be decreased by low-protein diets, anabolic steroids, 
severe hepatic insufficiency, or portosystemic shunting. These 
non renal variables limit the usefulness of the BUN 
tration as an indicator of the GFR. The normal BUN 
trations are 8 to 25 mg/dL in the dog and 15 to 35 mg/dL in 

the cat. 


may 


80 






E 


60 


■a 


qi 




E 




a? 


o 


ED 


40 


E 


E 


a> 


CO 


on 


20 




tiss ue 


% Functional nephrons 
(%of normal GFR) 

Figure 257-2 Relationship of blood urea nitrogen (BUN) or 
serum creatinine concentration to percentage of functional 
nephrons. (From Chew DJ, DiBartola SP; Manual of Small Animal 
Nephrology and Urology, New York, Churchill Livingstone, 1986.) 
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Serum Creatinine 

Creatinine is a nonenzymatic breakdown product of phos- 
phocreatine in muscle, and daily production of creatinine in 
the body is determined largely by the muscle mass of the indi¬ 
vidual. Young animals have lower concentrations, whereas 
males and well-muscled individuals have higher concentra¬ 
tions. The serum creatinine concentration is not appreciably 
affected by diet. Creatinine is not metabolized and is excreted 
by the kidneys almost entirely by glomerular filtration. Its rate 
of excretion is relatively constant in the steady state, and the 
serum creatinine concentration varies inversely with the GFR. 

Thus determination of creatinine clearance protndes an estimate 

of the GFR. 

Creatinine is measured by the alkaline pi crate reaction, 
which is not entirely specific for creatinine and which 
sures another group of substances collectively known 
creatinine chromagens. These substances are found in plasma, 
in which they may constitute up to 50% of the measured 
creatinine at normal serum concentrations, but they normally 
do not appear in urine. As the serum creatinine concentration 
increases as a result of progression of renal disease and 
declining GFR, the amount of noncreatinine chromag 
remains unchanged and contributes progressively less to the 
total measured serum creatinine concentration. The normal 
serum creatinine concentrations are 0.3 to T3 mg/dL in the 
dog and 0.8 to 1.8 mg/dL in the cat. 

The relationship of the BUN or serum creatinine 
tration to the GFR is a rectangular hyperbola. The slope of the 
curve is small when the GFR is mildly or moderately 
decreased but large when the GRF is severely reduced (Figure 
257-2). Therefore large changes in the GFR early in the 
course of renal disease cause small increases in the BUN or 
serum creatinine concentration, which may he difficult to 
appreciate clinically; on the other hand, small changes in the 
GFR in advanced renal disease cause large changes in the 
BUN or serum creatinine concentration. The inverse relation¬ 
ship between the serum creatinine concentration and the 
GFR is valid only in the steady state. 

When nonrenal variables have been eliminated from 
consideration, an increase in the BUN or serum creatinine 
concentration above normal implies that at least 75% of the 


nephrons are not functioning (see Figure 257-2). Neither the 
cause nor the reversibility of this malfunction can be pre¬ 
dicted from the increase in the BUN or serum creatinine 
concentration. Also, the increase in the BUN or serum creati¬ 
nine concentration cannot be used to predict whether 
azotemia is prerenal, primary renal, or postrenal in origin, or 
to distinguish between acute and chronic, reversible and irre¬ 
versible, and progressive and nonprogressive processes. The 
BUN/creatinine ratio in prerenal and postrenal azotemia may 
be increased as a result either of increased tubular resorption 
of urea at lower tubular flow rates or of easier absorption of 
urea than creatinine across peritoneal membranes in animals 
with uroabdomen. A decrease in the BUN/creatinine ratio 
often follows fluid therapy, reflecting a decrease in tubular 
resorption of urea rather than an increase in the GFR. 

Qystatin C 

Cystatin C is a small polypeptide protease inhibitor that is 
freely filtered by the glomeruli. It does not undergo tubular 
secretion, and filtered cystatin C is almost completely 
resorbed by the proximal tubular cells and catabolized to its 
constituent amino acids. Cystatin C is produced at a constant 
rate in all tissues, and its excretion is not dependent on age, 
gender, or diet. As a result, the serum concentration of cystatin C 
may serve as a useful marker of the GFR. Some concern exists 
that the serum cystatin C concentration may be affected by 
the presence of inflammation or neoplasia. 

Recently, two studies evaluated normal dogs and dogs with 
renal failure using an immunoturbidometric assay designed to 
measure the serum concentration of human cystatin C. 5 £ The 
serum concentration of cystatin C in normal dogs was found 
to be approximately 1-mg/dL. 

Creatinine Clearance 

The renal clearance of a substance is that volume of plasma 
that would have to be filtered by the glomeruli each minute 
to account for the amount of that substance appearing in the 
urine each minute. The renal clearance of a substance that 
is neither resorbed nor secreted by the tubules is equal to 
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normal and reduced renal mass to estimate the GFR. 9-14 With 
these methods, the plasma clearance of a substance that is not 
bound to plasma proteins and is excreted only by glomerular 
filtration (e.g,, inulin, iohexol, creatinine) is calculated as the 
quotient of the administered dose divided by the area under 
the plasma concentration versus time curve. This technique 
has the advantage of not requiring collection of urine, but its 
accuracy depends on the pharmacokinetic model used to cal¬ 
culate the area under the curve and the timing and number of 
samples used to make the calculation. The advantages and 
Limitations of single injection plasma clearance methods for 
evaluation of the GFR were recently reviewed. 15 

Radioisotopes 

Radioisotopes (e.g., 125 Tiothalamate or l3l i-iothalamate, 
Cr- ethyl enediaminetetra acetic acid [EDTA], " m Tc- 
diethylene triamine penta-acetic acid [DTPA]] also have been 
used to estimate the GFR in dogs and cats using both plasma 
clearance and dynamic renal scintigraphic methods. The 
plasma clearance approach has the same advantages and 
limitations as described above for iohexol or exogenously 
administered creatinine; procedures involving radioisotopes 
require technical expertise and equipment available primarily 
at referral institutions. Methods using " m Tc-DTPA to esti¬ 
mate the GFR are clinically useful because the short half-life 
of 99mTc (6 hours) allows the animal to be released within 
24 to 48 hours after the procedure. 

The percentage of an injected dose of "™Tc-DTPA 
extracted by the kidneys over a finite period correlates well 
with inulin clearance (the gold standard for estimation of the 
GFR). A major advantage of dynamic renal scintigraphy is that 
it provides information about individual kidney function; 
however, in dogs with renal disease, this method correlates less 
well with inulin clearance than does the plasma clearance 
method. 16 Renal scintigraphy is less accurate than plasma 
clearance methods for several reasons. A brief sampling period 
(usually 1 to 3 minutes after injection) is used in dynamic 
renal scintigraphy to avoid loss of radioactivity as urine is 
excreted from the kidneys into the ureters and bladder. In a 
recent study, the ideal time for counting radioactivity during 
99m Tc-DTPA renal scintigraphy in normal dogs was found to 
be 30 seconds to 2 minutes after injection. 17 Data acquired 
over such 

animal's steady state GFR. Other factors that contribute to 
potential inaccuracy include characteristics of the gamma 
camera itself (e.g., field uniformity, linearity, spatial resolu¬ 
tion), the selection of renal and background regions of inter¬ 
est, and renal depth correction. 18 Partial obstruction can delay 
excretion of the tracer from the kidneys and lead to overesti¬ 
mation of the GFR. Despite these limitations, dynamic renal 
scintigraphy is helpful in clinical situations when information 
about individual renal function is important. Nuclear imaging 
with ""Tc-DTPA has been used to determine the GFR in 
normal dogs 19 and dogs with renal disease 2 and in normal cats 
and cats with renal dysfunction, 21 * 22 

Quantitative renal scintigraphy 23 and determination of 
plasma disappearance after single injection 24 using "^Tc- 
mercaptoacetyltriglycme have been used to estimate renal 
plasma flow in dogs. Hepatic uptake of "^Tc-mercap- 
toacetyltriglycine in cats may limit the value of this tracer for 
evaluation of renal plasma flow in this species. 

Urine Protein to Creatinine Ratio 

in animals with persistent proteinuria on routine urinalysis, 
the severity of the proteinuria may be assessed by measuring 
24-hour urine protein excretion or by performing a urine 
protein to urine creatinine ratio (Up/Ucr)- A normal value for 
24-hour urine protein excretion in dogs and cats is less than 
20 mg/kg/day. Dogs with primary glomerular disease 


the GFR, For such a substance in a steady state, the amount 
filtered equals the amount excreted. Thus: GFR x P* 

Dividing both sides of the equation by P x gives the familiar 
clearance formula (U x V/P J , which in this case is equal to 

the GFR. 

Creatinine is produced endogenously and excreted by the 
body largely by glomerular filtration, and its clearance can be 
used to estimate the GFR in the steady state. Numerous stud¬ 
ies in the dog and cat have shown that endogenous creatinine 
clearance in these species is 2 to 5 mL/min/kg, Values for 
glomerular function tests in the dog and cat are presented in 

Table 257-1. 

In chronic progressive renal disease, urinary concentrating 
ability is impaired after two thirds of the nephron population 
have become nonfunctional, whereas azotemia does not 
develop until three fourths of the nephrons have become non¬ 
functional Thus the main indication for determination of 
endogenous creatinine clearance is the clinical suspicion of renal 
disease in a pet with polyuria and polydipsia that has normal 
BUN and serum creatinine concentrations. The only require¬ 
ments for determination of endogenous creatinine clearance are 
accurately timed urine collection (usually 12 or 
determination of body weight, and an assessment of the serum 
and urine creatinine concentrations. Failure to collect all urine 
produced erroneously reduces the calculated clearance value. 

To eliminate the inaccuracy caused by noncreatinine chro- 
magens, some investigators have advocated use of exogenous 
creatinine clearance. In this procedure, creatinine is adminis¬ 
tered subcutaneously or intravenously to increase the serum 
creatinine concentration approximately tenfold and to reduce 
the relative effect of noncreatinine chromagens. Exogenous 
creatinine clearance values exceed endogenous creatinine 
clearance values and closely approximate inulin clearance in 
the dog. In one study, the inulin and exogenous creatinine 
clearances were nearly identical in dogs. The ereatinine/inulin 
clearance ratio was not altered by ablation of 50% to 94% of 
renal mass and was not affected by gender, dietary protein 
intake, or duration of time after renal ablation. 7 Endogenous 
creatinine clearance is a reliable estimate of the GFR only 
when methodology specific for true creatinine is used. K In 
cats, exogenous creatinine clearance may be slightly lower than 
inulin clearance. 

Single Injection Methods for Estimating the Glomerular 
Filtration Rate 

Single injection plasma clearance methods using inulin, 
iohexol, or creatinine have been used in dogs and cats with 
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short period may not accurately reflect the 


Table 257-1 


Tests of Glomerular Function in Dogs and Cats 


CAT 


DOC 


PARAMETfR 


Blood urea nitrogen (mg/dL) 
Serum creatinine (mg/dL) 

Serum cyst at in C (mg/dL) 
Endogenous creatinine dearanee 
(m L/mi n/kg) 

Exogenous creatinine dearance 
(mL/min/kg) 

24-Hour urine protein excretion 
(mg/kg/day) 

Urine protein to urine 
creatinine ratio QJ^/U Cr ) 


15*35 

0 . 8 - 1.8 

Not available 


8-25 


0.3-13 
0.5-1.5 


2-5 


2-5 


25 


3-S 


2-4 


<20 


<20 


<0.4 


<0.4 
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{e.g., glomerulonephritis, glomerular amyloidosis) often have 
markedly increased 24-hour urine protein excretion values, 
and those with amyloidosis generally have the highest 
24-hour urine protein excretion values. 26 27 

Determination of the U p /Uq eliminates the necessity of a 
24-hour urine collection and has been shown to correlate 
closely with 24-hour urine protein excretion in dogs 2e and 
catsT* Its value lies in the fact that, whereas both the urine 
creatinine and urine protein concentrations are affected by 
the total urine solute concentration, their ratio is not. The 
normal U P /U Cr in dogs and cats is less than 0.4. In dogs, 
U P /U Cr results are not affected by differences in gender, the 
method of urine collection, fasted versus fed states, or the 
time of day of collection* 30 - 31 Pyuria and marked blood 
tamination of urine samples can result in an abnormal U P /\J C t 
the absence of glomerular disease. 32 Consequently, both the 
urine protein concentration and the Up/U Cr must be evalu¬ 
ated in conjunction with urinary sediment findings. Feeding of 
a high-protein diet or induction of renal failure increased 
24-hour urine protein excretion and the Up/U^ in cats, 33 and 
administration of prednisone to normal dogs increased the 
Up/U Cr from normal to a mean of 1*2 at 30 days and 0.9 at 

42 days. 34 Values for 24-hour urine protein excretion and the 
Up/U CT are presented in Table 257-1. 

Dogs with proteinuria on screening urinalysis have been 
shown to have an increased Up,/!!^. 26,28,31,3 ^ A High degree of 
overlap is found between dogs with glomerulonephritis and 
those with amyloidosis with regard to 24-hour urine protein 
excretion and the Up/Uq. 26 - 27 Therefore renal biopsy 
the only reliable way to differentiate these two diseases. 

Microalbuminuria 

In humans, microalbuminuria is defined as excretion of 30 to 
300 mg of albumin in urine per day, and its presence may 
be an early indicator of vascular endothelial damage. 36 
Microalbuminuria is an established risk factor for progression 
of renal disease in humans with type 1 or type 2 diabetes mel- 
litus. 37 Whether microalbuminuria is predictive of progressi ve 
renal disease in humans with essential hypertension is less 
certain, but it is associated with adverse cardiovascular events 
in this population. 38 - 3 ^ Microalbuminuria in dogs has been 
defined as a urine albumin concentration of greater than 
1 mg/dL but less than 30 mg/dL. Urine albumin concentra¬ 
tions in this range can be detected by an antigen-capture 
enzyme-linked immunosorbent assay [ELISA) (U., ERD- 
Screen Urine Test; Heska Corp., Fort Collins, Colorado). 40 In 
recent studies, the prevalence of microalbuminuria in normal 

healthy dogs was 19%, and the prevalence in a hospital popu¬ 
lation of dogs was 36%. Microalbuminuria has been detected 
in Heartworm-infeeted dogs and in those with familial renal 
disease (e*g., soft-coated wheaten terriers with glomerular dis¬ 
ease, male dogs with X-1 inked hereditary nephritis)* The 
effect of pyuria on detection of microalbuminuria was found 
to be variable. It remains to be determined whether seemingly 
norma] dogs with microalbuminuria are at increased risk for 
the development of progressive renal disease. Sequential 
itoring of dogs with documented microalbuminuria probably 
is warranted until this factor's prognostic value in otherwise 
normal dogs can be determined. 

Bladder Tumor Antigen Test 

The first-generation Bard bladder tumor antigen (BTA) test 
(i.e,, V-BTA Test; Polymedco, Cortlandt Manor, New York) is 
a qualitative latex agglutination dipstick test run on voided 
urine that detects a glycoprotein antigen complex associated 
with bladder neoplasia in humans. In a prospective study of 
65 dogs with transitional cell carcinoma and other urinary 
tract disorders, the Bard V-BTA Test had a sensitivity of 90% 
and a specificity of 78%. 41 False positives occurred in urine 


samples with marked proteinuria or glucosuria and in those 
with pyuria or hematuria. The high sensitivity of the test and 
its less reliable performance in the presence of pyuria and 
hematuria suggest that it would be most appropriately used 
a routine screening test in geriatric dogs at risk for the devel¬ 
opment of transitional cell carcinoma. 

In another study, the V-BTA Test reliably differentiated 
dogs with lower urinary tract neoplasia from normal dogs but 
did not reliably differentiate dogs with neoplasia from dogs 
with other abnormalities of the lower urinary tract* 42 The 
V-BTA Test is commercially available for veterinary 

Second- and third-generation Bard BTA tests (BTA Stat 
and Bard Trak, respectively), as well as other tests that use 
monoclonal antibodies against human bladder tumor antigens, 
give false-negative results in dogs and should not be used. 41 

Tubular Function 

The kidney is an organ of water conservation* Depending 
the needs of the animal, the kidney can produce urine that i 
highly concentrated or quite dilute. Normal 

trating ability depends on the ability of the hypothalamic 
osmoreceptors to respond to changes in plasma osmolality, the 
release of antidiuretic hormone (ADH) from the neurohy¬ 
pophysis, and the response of the distal nephron to ADH* 
In addition, medullary hypertonicity must be generated and 
maintained by the countercurrent multiplier and exchang 
systems of the kidney, and an adequate number of functional 
nephrons must be present to generate the appropriate 
response to ADH* Laboratory tests of tubular function 

summarized in Table 257-2* 

Urine Specific Gravity and Osmolality 
The total urine solute concentration is measured either by the 
urine specific gravity (USG) or the urine osmolality {U 0s J. 
The latter depends only on the number of osmotically active 
particles, regardless of their size. The urine specific gravity is 
defined as the weight of a solution compared with an equal 
volume of distilled water. It depends on both the number and 
molecular weight of the solute particles but has the advantage of 
requiring only simple, inexpensive equipment for 
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Table 


Tests of Renal Tubular Function in Dogs and Cats 


DOG 


CAT 


Random urine specific 
gravity 

Urine specific gravity 
after 5% dehydration 
Urine osmolality after 5% 
dehydration (mOsm/kg) 
Urine to plasma 

osm o la tity ra t i o afte r 5 % 
dehydration 
Fractional electrolyte 
clearance (%) 

Sodium 

Potassium 

Chloride 

Phosphate 


1.00 VI. 070 


1,001-1.080 


1*050-1*076 


1*047-1*087 


1787-2791 


1581-2984 


mon- 


5*7-8*9 


Not available 


<1 


<1 


<20 


<1 


<13 


Modified from DiBartola SP: Clinical Evaluation of Renal Function. 
16th Annual Wakham/OSU Symposium for the Treatment of Small 
Animal Disease. Vernon, California, Kal Kan Foods, 1992, p 10* 
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The time required for dehydration to develop during water 
deprivation varies. Dehydration usually becomes evident within 
48 hours in normal dogs and cats but in rare cases may require 
a longer time. Dogs with diabetes insipidus and psychogenic 
polydipsia usually become dehydrated after a much shorter 
period of water deprivation (less than 12 hours and usually 
less than 6 hours). By the time dehydration is evident, the 
USG usually exceeds 1.045 in normal dogs and cats. Failure to 
achieve maximal urinary solute concentration does not local¬ 
ize the level of the malfunction, and a structural or functional 
defect may be present anywhere along the hypothalamic- 
pituitary-renal axis. Furthermore, animals with medullary 
solute washout may have impaired concentrating ability 
regardless of the underlying cause of polyuria and polydipsia. 

If urine osmolality has increased less than 5% or the USG 
has changed less than 10% for three consecutive determina¬ 
tions, or if the animal has lost 3% to 5% or more of its original 
weight, 0.1 to 0.2 U/lb of aqueous vasopressin (Pitressin) 
(up to a total dose of 5 U) or 5 p.g of DDAV !) may be given 

subcutaneously and the parameters of urinary concentrating 
ability monitored 2 to 4 hours after ADH injection. A further 
increase in urine osmolality after administration of ADH 
should not exceed 5% to 10% in normal dogs and cats. 

Gradual Water Deprivation 
Gradual water deprivation 

diagnostic confusion caused by medullary solute washout. 
The owner can be instructed to restrict water consumption to 

120 mL/kg/day 72 hours before, 90 mL/kg/day 48 hours 
before, and 60 mL/kg/day 24 hours before the scheduled 
water deprivation test. In dogs with psychogenic polydipsia, 
this promotes endogenous release of ADH, increased perme¬ 
ability of the inner medullary collecting ducts to urea r and 
restoration of the normal gradient of medullary hypertonicity. 
An alternate approach is to instruct the owner to reduce 
water consumption by approximately 10% per day over a 
3- to 5-day period (but not to less than 60 mL/kg/day). This 
approach should be used only for animals that are otherwise 
healthy on initial clinical evaluation, and the owner should 
provide dry food ad libitum and weigh the dog daily to 
monitor for loss of body weight. 

Fractional Clearance of Electrolytes 

The extent to which electrolytes appear in the urine is the net 
result of tubular resorption and secretion. The fractional clear¬ 
ance of electrolytes can be used to evaluate tubular function 
and is defined as the ratio of the clearance of the electrolyte in 
question to that of creatinine: 

FC X - (U,V/PJ/[U CT WP Cr ) - (U^PcJ/CUoig 

where FC* = fractional clearance of X; U* 

of X; P x 

of creatinine; 

V = urine flow rate. 

This ratio usually is multiplied by 100, and the fractional 
clearance value is expressed as a percentage. The advantage of 
this measurement is that a timed urine collection is not 
necessary. In normal animals, the fractional clearances of all elec¬ 
trolytes are much less than 1 (100%), implying net conservation, 
but values are higher for potassium and phosphorus than for 
sodium and chloride. Unfortunately, fractional excretion values 
calculated from "spot 1 ' urine samples are variable and do not cor¬ 
relate well with values calculated using 72-hour urine samples. 

The fractional clearance of sodium may be useful in the 
differentiation of prerenal and primary renal azotemia. In ani¬ 
mals with prerenal azotemia and volume depletion, sodium 
conservation should be avid and the fractional clearance oi 
sodium low (less than 1%). In animals with azotemia caused 
by primary parenchymal renal disease, the fractional clearance 


Normally, urine is composed of solutes of relatively low 
molecular weight (e.g., urea, electrolytes), and a roughly linear 
relationship exists between the urine osmolality and the urine 
specific gravity. The range of urine osmolality that corresponds 
to a given USG, however, may be relatively wide. If the urine 

contains appreciable amounts of larger molecular weight 
solutes (e.g., glucose, mannitol, radiographic contrast agents), 
these substances have a proportionally greater effect on 
specific gravity than on osmolality. 

The term isosthenuria (USG of 1.007-1.015, Uosm of 
300 mOsm/kg) refers to urine of the same total solute con¬ 
centration as unaltered glomerular filtrate. The term hypos¬ 
thenuria (USG less than 1.007, Ug^ less than 300 mOsm/kg] 

refers to urine of lower total solute concentration than 
glomerular filtrate. Although rarely used clinically, the term 
hypersthenuria (baruria) (USG greater than T015, U 0sn] 
greater than 300 mOsm/kg) refers to urine of higher total 
solute concentration than glomerular filtrate. The normal 
range of the total urine solute concentration for dogs and cats 
is wide (USG of 1.001 to L080}* In a study of normal pet 
dogs, USG values were found to vary widely (from 1.006 to 
greater than 1.050). 43 Samples obtained in the morning had 
higher USG values than those obtained in the evening, and 
urine concentration decreased with age, but no effect of 
gender on the USG was detected. 

Water Deprivation Test 

The water deprivation test (WDT^ is a useful test of tubular 
function and is indicated in the evaluation of animals with 
confirmed polydipsia and polyuria for which the cause 
remains undetermined after initial diagnostic evaluation. An 
expedient safe alternative to the WDT is DDAVP (synthetic 
ADH) trial therapy. Please see Chapter 28 for a discussion on 
this approach. 

The water deprivation test usually is performed in animals 
with hyposthenuria (USG less than 1.007) that are suspected 

of having central or nephrogenic diabetes insipidus or psy¬ 
chogenic polydipsia. A dehydrated animal that has dilute 
urine has already failed the test and should not be subjected 
to water deprivation. In such an animal, failure to concentrate 
urine likely is due to structural or functional renal dysfunction 
or to the administration of drugs that interfere with urinary 
concentrating ability (e*g., glucocorticoids, diuretics). The 
water deprivation test also is contraindicated in animals that 
are azotemic. It should be performed with extreme caution in 
animals with severe polyuria, because such pets may rapidly 
become dehydrated during water deprivation if they have 
defective urinary concentrating ability. 

At the beginning of the water deprivation test, the bladder 
must be emptied and baseline data collected (e.g., body 
weight, hematocrit, plasma proteins, skin turgor, serum osmo¬ 
lality, urine osmolality, USG). Water then is withheld, and 
these parameters are monitored every 2 to 4 hours. The urine 
and serum osmolalities are the best tests to follow, but osmo¬ 
lality results often are not immediately available to the clini¬ 
cian. Thus the USG and body weight assume the greatest 
importance for decision making during performance of the 
test. An increase in the total plasma protein concentration is a 
relatively reliable indicator of progressive dehydration, but 
increases in the hematocrit and changes in skin turgor are not 
reliable. The serum creatinine and BUN concentrations should 
not increase during a properly conducted water deprivation test. 

Maximal stimulation of ADH release occurs after the loss 
of 3% to 5% of body weight. The test is concluded when the 
dog or cat either demonstrates adequate concentrating ability 
or becomes dehydrated, as evidenced by loss of 3% to 5% 
or more of its original body weight. It is important when 
weighing the animal to use the same scale each time and to 
empty the bladder at each evaluation. 


be performed to eliminate 
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of sodium is higher than normal [greater than 1%). Values for 
fractional electrolyte clearances have been reported for 
normal dogs, 45 dogs with CRF, 46 normal cats, 47 - 48 and cats 
with experimentally induced CRF. 49 Normal values for uri¬ 
nary .fractional clearance of electrolytes are summarized in 

Table 257-2. 


by means of the history, physical examination! and critical 
evaluation of the urine sediment. Persistent, moderate to 
heavy proteinuria in the absence of urine sediment abnormal¬ 
ities is highly suggestive of glomerular disease (e.g., glomeru¬ 
lonephritis, glomerular amyloidosis]. If the sediment is active 
and proteinuria is mild to moderate, the possibility of inflam¬ 
matory renal disease or disease of the lower urinary or genital 
tract should be considered. 

Glucose 

Glucose in the glomerular filtrate is almost completely 
resorbed in the proximal tubules and is not normally present 
in the urine of dogs and cats. Glucose appears in the urine 
(glueosuria) if the blood glucose concentration exceeds the 
renal threshold (approximately 175 to 225 mg/dL in the dog 
and 250 to 350 mg/dL in the cat). Most dipstick tests 
colorimetric test based on an enzymatic reaction (glucose 
oxidase) specific for glucose. Causes of glueosuria include 
diabetes mellitus, stress or excitement in cats, administration 
of glucose-containing fluids, and renal tubular diseases, such 
primary renal glueosuria and Fanconi syndrome. Glueosuria 
also may be observed occasionally in dogs and cats with 
chronic renal disease, those with tubular injury caused by 
nephrotoxins, and in some dogs with familial renal disease. 

Ketones 

Beta hydroxybutyrate, acetoacetate, and acetone are ketones, 
the products of exaggerated and incomplete oxidation of fatty 
acids. They are not normally present in the urine of dogs and 
cats. The nitroprusside reagent present in dipstick tests reacts 
with acetone and acetoacetate but is much more reactive with 
acetoacetate. It does not react with beta hydroxybutyrate. 
Causes of ketonuria include diabetic ketoacidosis, starvation 
prolonged fasting, glycogen storage disease, a low-carbohydrate 
diet, persistent fever, and persistent hypoglycemia. Ketonuria 
occurs more readily in young animals, and of the causes listed 
above, diabetic ketoacidosis is the most important 
adult dogs and cats. 


ROUTINE URINALYSIS 


Urine for urinalysis may be collected by voiding (midstream 

sample), catheterization, or cystocentesis. Cystocentesis is 
preferred because it prevents contamination of the sample by 
the urethra or genital tract, it is simple to perform when the 
bladder is palpable, the risk of introducing infection is negligi¬ 
ble, and it is well-Tolerated by both dogs and cats, in animals 
to be evaluated for hematuria, however, it may be helpful first 
to evaluate a sample collected by voiding, because other 
methods of urine collection may add red blood cells to the 
sample as a result of trauma* 

For urinalysis, fresh urine should be examined whenever 
possible. Refrigerated urine should be warmed to room tem¬ 
perature before the urinalysis is performed. The technique 
used to collect the sample should be noted, because this may 
influence the interpretation. Urinalysis is divided into three 

parts: physical properties, chemical properties, and sediment 
evaluation. 

Physical Properties 

Appearance 

Normal urine is yellow as a result of the presence of 
urochrome pigment* Concentrated urine may be deep amber, 
and dilute urine may be almost colorless. A red or reddish 
brown color usually is due to red blood cells, hemoglobin, or 
myoglobin; a yellow-brown to yellow-green color may be due 
to bilirubin. Normal urine usually is dear. Cloudy urine often 
contains increased cellular elements, crystals, or mucus. The 
most common abnormal odor is ammoniac and is due to the 
release of ammonia by urease-producing bacteria. 

Specific Gravity 

As mentioned before, the USG reflects the total solute 
concentration of the urine, and the amount of any substance 
in urine must be interpreted in light of the specific gravity* 
For example, 4+ protein in 1.010 urine represents more severe 
proteinuria than 4+ protein in 1.045 urine. The USG should 

be obtained before any treatment is given, because fluids, 
diuretics, or glucocorticoids may alter the specific gravity. 

Chemical Properties 

pH 

Urine pH varies with diet and acid-base balance. The normal 
pH of urine in dogs and cats is 5,0 to 7.5. Causes of an acidic 
urine pH include a meat protein-based diet, administration of 
acidifying agents, metabolic acidosis, respiratory acidosis, para¬ 
doxical aciduria in metabolic alkalosis, and protein catabolic 
states. Causes of an alkaline urine pH include urinary tract 
infection by urease-positive bacteria, a plant protein-based 
diet, urine allowed to stand exposed to air at room tempera¬ 
ture, postprandial alkaline tide, administration of alkalinizing 

agents, metabolic alkalosis, respiratory alkalosis, and distal 
renal tubular acidosis. 

Protein 

Randomly obtained urine samples from normal dogs contain 
small amounts of protein (up to 50 mg/dL). Commonly used 
dipstick methods for protein determination are much 
sensitive to albumin than globulin. In the evaluation of pro¬ 
teinuria, it is critical to localize the origin of the protein loss 


as 


or 


cause m 


Occult Blood 


Dipstick tests for blood are sensitive but do not differentiate 
erythrocytes, hemoglobin, and myoglobin* These tests are 
more sensitive to hemoglobin than to intact erythrocytes; the 
former causes a diffuse color change, whereas the latter 
spotting of the reagent pad. A positive test result must be 
interpreted in light of the urine sediment findings (he., pres¬ 
ence or absence of red blood cells)* Free hemoglobin (sec¬ 
ondary to hemolysis) is the most common abnormal pigment 
found in urine. Potential causes of hemolysis include transfu¬ 
sion reaction, autoimmune hemolytic anemia, disseminated 
intravascular coagulation, postcaval syndrome of dirofilariasis, 
splenic torsion, and heat stroke. Myoglobinuria is less 
common but may be present if severe rhabdomyolysis occurs 
(e.g., status epilepticus, crushing injury)* For proper interpre¬ 
tation, the occult blood reaction must be considered together 
with the urine sediment findings (e*g., hematuria)* 


causes 


Bilirubin 

Bilirubin is derived from the breakdown of heme by the retic¬ 
uloendothelial system. It is transported to the liver, where it is 
conjugated with glucuronide and excreted in the bile* Only 
direct-reacting or conjugated bilirubin appears in the urine. 
The canine kidney can degrade hemoglobin to bilirubin, and 
the renal threshold for bilirubin is low in dogs* Thus in dogs 
with liver disease, bilirubin may be detected in the urine 
before its serum concentration is increased. It is not unusual 
to find small amounts of bilirubin in concentrated urine sam¬ 
ples from normal dogs, especially males. Bilirubin is absent 
from normal feline urine. The causes of bilirubinuria 
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hemolysis (e.g., autoimmune hemolytic anemia], liver disease, 
extrahepatic biliary obstruction, fever, and starvation. 

Leukocyte Esterase Reaction 

Indoxyl released by esterases from intact or lysed leukocytes 
reacts with a diazonium salt and is detected as a blue color 
reaction after oxidation by atmospheric oxygen. This test is 
specific for pyuria in canine urine samples but has low sensi¬ 
tivity [produces many false-negative results), 50 In cats, the 
leukocyte esterase test was found to be moderately sensitive 
but highly nonspecific (produced many false-positive results) 
for the detection of pyuria. 51 

Urinary Sediment Examination 

Depending on the criteria used for data analysis, as few as 3% 
or as many as 16% of dogs and cats with normal findings on 
physical and chemical evaluation of urine may have important 
urinary sediment abnormalities (e.g,, pyuria, bacteriuria, 
microscopic hematuria). 52 The sediment examination should 
be performed on fresh urine samples, because casts and cellular 
elements degenerate rapidly at room temperature. Urine 
should be centrifuged at 1000 to 1500 rpm for 5 minutes and 

the sediment then stained with Sedi-Stain (Beeton Dickinson, 
Franklin Lakes, New Jersey) or examined unstained, depending 
on individual preference. In the evaluation of urine sediment, 
the method of urine collection must he kept in mind, because 
it influences the interpretation. The USG must also be kept in 
mind, because it influences the relative numbers of formed ele¬ 
ments, The number of casts is recorded per low power field 
Qpf), and the numbers of red blood cells, white blood cells, and 
epithelial cells are recorded per high power field (hpf). 

Red Blood CeUs 

Occasional red blood cells are considered normal in the urine 
sediment. Normal values are: voided sample, 0 to 8/hpf; 
catheterized sample, 0 to 5/hpf; and cystocentesis sample, 0 to 
3/hpf. The presence of an excessive number of red blood cells 
in the urine is called hematuria (Figure 257-3), which may be 
microscopic or macroscopic. The causes of hematuria are 
summarized in Box 25 7* L 


Causes of Hematuria in Dogs and Cats 


Urinary Tract Origin (Kidneys, Ureters, 

Bladder, Urethra) 

Tra u mo 

Traumatic collection (e.g,, catheter cystocentesis) 

Renal biopsy 

Blunt trauma (e.g., automobile accident) 
Urolithiasis 

Neoplasia 

Inflammatory disease 
Urina ry tract infection 

Feline urologic syndrome (idiopathic feline lower 
urinary tract disease) 

Chemically induced inflammation 

(eg,, cyclophosphamide-induced cystitis) 


_ - • 


Pa ras ites 

Dioctophyma renole 
Copillana plica 
Coagulopathy 

Warfarin intoxication 


Disseminated intravascular coagulation 
Th rombocyt ope n ia 
Rena I i nfa rctio n 
Renal pelvic hematoma 
Vascular malformation 

Renal telangiectasia (Welsh corgi) 
Idiopathic renal hematuria 


Genital Tract Contamination (Prostate, 
Prepuce, Vagina) 

Estrus 

Inflammatory, neoplastic, and traumatic lesions of 
the genital tract 








White Blood Cells 

Occasional white blood cells are considered normal in the 
urijie sediment. Normal values are: voided sample, 0 to 8/hpf; 


catheterized sample, 0 to 5/hpf; and cystocentesis sample, 0 to 
3/hpf. The presence of an increased number of white blood 
cells in the urine sediment is called pyuria (Figure 257-4) and, 
in an appropriately collected urine sample, is indicative of 
inflammation somewhere in the urinary tract* The presence of 
white blood cells does not help localize the lesion unless 
white cell casts are present, indicating renal origin. Urinary 
tract infection is the most common cause of pyuria, but geni¬ 
tal tract contamination also may cause pyuria in voided or 

catheterized samples (Box 257*2), 

Epithelial Cells 

Both squamous and transitional epithelial cells may be found 
in the urine sediment, but they are often of little diagnostic 
significance. Squamous cells are large, polygonal cells with 
small round nuclei (Figure 257-5). They are common in 
voided or catheterized samples because of urethral or vaginal 
contamination. Occasional squamous cells are normal, and 
increased numbers may be present during estrus. 

Transitional epithelial cells are variable-sized cells derived 
from the urothehum from the renal pelvis to the urethra 
(Figure 257-6)* Although their size generally increases from 
the renal pelvis to the urethra, the finding of small transitional 
cells in the urine sediment does not have localizing value. 
Caudate cells are transitional cells with tapered ends thought 
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Figure 257*3 Photomicrograph of an abnormal urine sample. 

Arrow at top indicates red blood cells (RBCs), arrow at left indi¬ 
cates a white blood cell (WBC), and central and bottom arrows 
indicate two different si 2 es of transitional epithelial cells. RBCs in 
urine may resemble those in blood or may shrink or swell in 
response to variations in urine osmolality. 
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Figure 257-5 Photomicrograph of a squamous epithelial cell in 

the urine. Note the small nucleus, irregular cell shape, and folding 
of the cytoplasmic margins in some areas. 
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nPi- 


Figure 257“4 Photomicrograph of an abnormal urine sample. 
White blood cells (WBCs) in urine are subject to degenerative 
changes that may complicate their identification. They 
shrink in concentrated urine or swell i 

ally are one and one half to two times the size of red blood cells. 
Clumps of WBCs often are associated with infection. Occasional 
transitional epithelial cells also are present in this field. The arrow 
at bottom right indicates a neutrophil with a swollen cytoplasm 
and easily identifiable polymorphonuclear nucleus. Occasional 

transitional epithelial cells also are present (top arrow). 


may 

m dilute urine. WBCs usu- 






to originate from the renal pelvis (Figure 257-7). Occasional 
transitional cells are normal, and increased numbers may be pre¬ 
sent with infection, irritation, or neoplasia of the urinary tract. 
Renal cells are small epithelial cells from the renal tubules, but 
their renal origin can be determined only if they 

cellular casts. Neoplastic epithelial cells are best identified using 
conventional blood cell stains (e.g., Wright-Giemsa). 

Costs 


observed in 


% 




Casts are cylindric molds of the renal tubules composed of 

aggregated proteins or cells. They form in the ascending limb 

of Henle s loop and the distal tubule because of the maximal 

acidity, highest solute concentration, and lowest flow rate in 
this area. The 


Figure 257-6 Photomicrograph of a raft of transitional epithe¬ 
lial cells in the urine. 


presence of casts in the urinary sediment 


Causes of Pyuria 


Urinary Tract Origin (Kidneys, Ureters, Bladder, 

Urethra) 

Infectious 

Urinary tract infection (e.g., pyelonephritis, 
cystitis, urethritis) 

Non infectious 
Urolithiasis 

Neoplasia 

Trauma 

Chemically induced (e.g., cyclophosphamide) 

Genital Tract Contamination (Prostate, 
Prepuce, Vagina) 
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Figure 257-7 Photomicrograph of caudate epithelial cells i 

urine. The tails on these small epithelial cells suggest that they 
originated in the renal pelvis. 
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urine. Note 


Figure 257-8 Photomicrograph of hyaline casts in 

the transparent nature of these casts (betu>een arrows). The casts 
are e 


Figure 257-10 Photomicrograph of coarsely granular casts in 
urine. A "shower" of casts is seen in this field. The cast at the left 
contains coarse granules; the one on the far right is 
undergoing degeneration. 


low, neces¬ 


sity missed because their optical density is very 
sitatine low illumination for optimal visualization. The darker 

X center of the field is a waxy cast. Many lipid droplets 


cellular cast 


a 


cast m 

are present in the background. 


indicates activity in the kidney itself and thus is of localizing 
value. Occasional hyaline (Figure 257-8} and granular (Figure 
257-9) casts per low power field are considered normal. No 

should be observed in sediment from normal 

abnormal number of casts in the urine 


cellular casts 
urine. Excretion 

is called cylindruria, t 

Casts observed in the urine sediment are categorized as 

hyaline, granular, cellular, or waxy. Hyaline casts are pure pro- 
tein precipitates (Tamm-Horsfall mucoprotein and albumin). 

They are difficult to see and dissolve rapidly in dilute or alka¬ 
line urine. Small numbers of hyaline casts may be observed 
with fever or exercise. They are commonly seen in renal dis- 

associated with proteinuria (e.g., glomerulonephritis, 

glomerular amyloidosis). 

Coarsely (Figure 257-10) and finely (see 
granular casts represent the degeneration of cells in other casts 
or precipitation of filtered plasma proteins and are suggestive 
of ischemic or nephrotoxic renal tubular injury. Fatty casts, a 
type of coarsely granular cast that contains lipid granules, may 
be seen in nephrotic syndrome or diabetes mellitus, Cellular 
casts include white cell or pus casts (suggestive of pyelonephri¬ 
tis) (Figure 257-11), red cell casts (fragile and rarely observed 
in dogs and cats), and renal epithelial cell casts (Figure 257-12) 

(suggestive of acute tubular necrosis or pyelonephritis). 


an 




eases 


Figure 257-9) 
















- v 


Figure 257-11 Photomicrograph of a white blood cell cast in 

urine. Neutrophils can be seen within this cast, and their presence 

renal bacterial infection (i.e., pyelonephritis]. 


suggests 
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Figure 257-12 Photomicrograph of an epithelial 

Small renal epithelial cells can be identified in this cast (white 
arrows ). (Courtesy Nancy Facklam, nancy.facklam@gov.ab.ca) 
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Figure 257-9 Photomicrograph of 

urine. 
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Figure 257*13 Photomicrograph of 


urine sample containing 
waxy and granular casts. The cast at the left is waxy whereas the 

others are granular Note that the waxy cast is translucent, and the 

hyaline casts are transparent. Waxy casts are brittle and often have 
cracks or sharply broken ends. 


a 


Figure 257-15 Photomicrograph of a urine sample containing 

ammonium biurate crystals. These crystals may be observed i 

normal Dalmatian dogs and in dogs with liver disease 
tosystemic shunts. 


in 


or por- 


Waxy casts represent the final stage of degeneration of granu¬ 
lar casts; they are relatively stable, and their presence suggests 

intrarenal stasis (Figure 257-13). They often 

luted and have cracks and blunt ends. 

Organisms 

Normal bladder urine is sterile. The distal urethra and genital 
tract harbor bacteria, and voided or cathetenzed urine sam¬ 
ples may be contaminated with bacteria from the distal ure¬ 
thra, genital tract, or skin. Contamination from the urethra in 
voided or cathetenzed specimens usually does not result in 
large enough numbers of bacteria to be visualized microscop¬ 
ically in the urine sediment. If allowed to incubate at room 
temperature, however, these contaminants may proliferate. 
For these organisms to be readily apparent microscopically 
there must be more than 10,000 rods or more than 100,000 
cocci per milliliter of urine. The presence of large numbers of 
bacteria in urine collected by catheterization or cystocentesis 
suggests a urinary tract infection [Figure 257-14). Usually 
accompanying pyuria is seen. Particulate debris In the sedi¬ 
ment may be confused with bacteria and cause false-positive 
results. Also, the bottle of stain may be contaminated with 
bacteria. Microscopic absence of bacteria in the sediment does 


not rule out urinary tract infection. Yeast and fungal hyph 
in the sediment usually are contaminants. 


ae 


are very convo- 


Crystals 

The solubility of crystals depends on the urine pH, tempera¬ 
ture, and specific gravity. Crystals commonly are present in 
the urine of dogs and cats and often are of little diagnostic 
significance. Struvite, amorphous phosphates, and oxalates are 
examples of crystals that may be found in normal urine sam¬ 
ples. Uric acid, calcium oxalate, and cystine typically 
found in acidic urine, whereas struvite (MgNH 4 PO< * 6H 2 O p 
or so-called triple phosphate), calcium phosphate, calcium 
carbonate, amorphous phosphate, and ammonium biurate 
typically are found in alkaline urine. Characteristic crystals 
also may be found in the urine sediment of animals receiving 
specific drugs, especially sulfonamides. Bilirubin crystals may 
be found in concentrated samples of normal dog urine. Urates 
are commonly observed in the urine of Dalmatians and 
be seen in the urine of animals with liver disease 


are 


may 

-or portosys- 

termc shunts (Figure 25 7-Uj. Struvite crystals may be 

observed in the urine of cats with idiopathic lower urinary 

tract disease, in dogs and cats with struvite urolithiasis or in 
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Figure 257-14 Photomicrograph of a unne sample 

containing bacteria. Chains of bacterial rods are pre¬ 
sent in this field, as are red blood cells (anvws) and a 
large struvite crystal. Bacteria are most readily identi¬ 
fied in urine when they are rods; they often 

observed in association with clumped white blood cells 
or within white blood cells. 
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Figure 257-18 Photomicrograph of a urine sample containing 
calcium oxalate monohydrate crystals. Previously misnamed hip- 
purate, these "picket fence"- and "dumbbe 11 "-shaped crystals may 
be found in the urine of dogs with acute renal failure caused by 

ethylene glycol ingestion. 
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Figure 257-16 Photomicrograph of a urine sample containing 

struvite crystals. These crystals may be observed in the urine ot 
normal dogs and cats and are common in alkaline urine. 


the urine of normal animals (Figure 257-16). In oliguric ARF, 
the presence of calcium oxalate crystals (Figures 257-17 and 
257-18) is highly suggestive of ethylene glycol intoxication. 
The presence of cystine crystals in the urine of dogs and cats 
is abnormal and suggestive of cystinuria (Figure 257-19). 

Miscellaneous Findings 

Sperm commonly 
intact male dogs. Rarely, parasite ova of Dioctopkyma renale or 
Capillaria plica or microfilaria of Dirofilaria immtfis may be 
observed in the urine sediment. Refractile lipid droplets may 
be seen with diabetes mellitus or nephrotic syndrome. They 
also may be observed in cats as a result of degeneration of 
lipid-laden tubular ceils. 


infection (UTI) conclusively. The kidneys, ureters, bladder, 
and proximal urethra of normal dogs and cats are sterile, 
whereas a resident bacterial flora populates the distal urethra 
prepuce, and vagina. Urinary tract infection occurs when bac¬ 
teria colonize areas of the urinary tract that normally are ster¬ 
ile. Aerobic gram-negative bacteria account for most UTls in 
dogs and cats, and the remainder are caused by gram-positive 
organisms. Escherichia coli is the organism most 
implicated in urinary tract infections in dogs and cats. Other 
organisms isolated include Proteus spp., coagulase-positive 
staphylococci, and streptococci, Pasteurella multocida occa¬ 
sionally is isolated from cats with UTI, Enterobacter sp 
Klebsiella sp,, and Pseudomonas aeruginosa are observed less 

commonly in dogs and rarely in cats. 

Results obtained with bacterial culture ot urine depend on 
the method of urine collection. Voided urine has the greatest 
potential for bacterial contamination, and catheterization may 
inoculate the bladder with bacteria from the distal urethra. 
Urine collected by cystocentesis should be sterile in normal 
animals. Quantitative bacterial culture of urine allows 
determination of the number of bacterial colonies (colony¬ 
forming units [cfuj) that grow from 1 mL of urine (cfu/mL). 
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found in urine samples from normal 


commonly 
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MICROBIOLOGY 


Clinical signs and urinalysis findings provide supportive evi¬ 
dence, but microbiology is required to diagnose urinary tract 
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Figure 257-17 Photomicrograph of a urine sample containing 
calcium oxalate dihydrate crystals. These crystals may be 
observed in the urine of normal dogs as weU as in those with cal¬ 
cium oxalate urolithiasis or acute renal failure caused by ethylene 
glycol ingestion. Note the typical "Maltese cross" appearance 
within a rhomboidal structure. These crystals can vary markedly 

in size. 
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Figure 257-19 Photomicrograph of a urine sample containing 
cystine crystals. These crystals usually are found in acidic urine 
and are not present in normal animals. Their presence suggests 
cystinuria with or without cystine urolithiasis. 
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SECTION XVIII 


“ Urinary System 


Ideally urine should be submitted for culture within 30 min¬ 
utes of coUection. If this is not possible, the sample may be 
refrigerated for up to 6 hours without significant loss of bac¬ 
terial growth Chemical preservation with a solution of boric 
acid, glycerol, and sodium formate, in combination with 

refrigeration, effectively maintained bacterial viability in 
canine urine samples for up to 72 hours. 53 

Bacterial culture of midstream-voided urine samples from 

?°™ ai d ° gS and cats often resu,ts “> the growth of less than 
1000 to greater than or equal to 100.000 cfu/mL. Therefore 

culture of voided urine is not recommended in evaluation of 

patients for UTI. If, however, no growth is obtained from a 

voided unne sample, UTI can be excluded as a diagnosis. 

bacterial growth of greater than or equal to 100,000 cfu/mL 

may result from culture of urine obtained from catheteriza- 

f 1 nn rum ° fe male dogs. Thus using a measurement 

of 100,000 cfu/mL as an indicator of UTI in female dogs 

results in a substantial number of false-positive results. Also, 
the urethral catheterization procedure itself may cause UTI in 
* ot normal fe male dogs. Consequently, coUection of urine 

r i7^° Ce r teSlS i * S r ec °mmended for establishing a diagnosis 
i j . m fem^ ^ 0 ^ Isolation of bacteria from urine col¬ 
lected in catheterization from male dogs is uncommon, and a 

measurement of greater than 1000 cfu/mL is recommended 
for establishing a diagnosis of UTI using these urine sampl 

innnf , m ? e a ” d ^ male „ cats ' growth of greater than 
1000 cfu/mL in samples collected by catheterization i- 

sidered compatible with a diagnosis of UTI. 

Urine sample: obtained by cystocentesis from normal dogs 
and cats should yield no growth, because this procedure 
bypasses the normal bacterial flora of the urethra and genital 

tract Consequently, results obtained by cystocentesis are the 

standard against which results obtained using voided 
catheterized samples are compared. A small number of organ¬ 
isms from the skin or environment occasionally contaminate 

c ? b ?““ d fr cystocentesis, and growth of less than 
1000 cfu/mL may be considered suggestive of contamination. 

isolation of bacteria from urinary tissues obtained during 
surgery indicates UTI regardless of the number. Colony counts 
used to establish a diagnosis of UTI for different methods of 
irnne collection are summarized in Table 257-3 

Microscopic examination of gram-stained urine smears 

also may be helpful in the diagnosis of UTI. In one study, one 
drop of uncentrifuged urine was allowed to drv, gram-stained 
and examined under oil immersion. The presence of 
than 2 organisms per field correlated with bacteria] counts of 

greater.than cfu/mL, whereas no organisms were visible 

in specimens with less than 1000 cfu/mL. 53 


Table 


Assessment of Quantitative Urine Culture Results 

in Dags and Cals 


COLONY COUNT 
INDICATIVE OF 
URINARY TRACT 
INFECTION (UTI) 

>10 2 cfu/mL 
>1G 2 cfu/mL 

>10 3 cfu/mL 
>10 2 cfu/mL 
>1G 3 cfu/mL 
>10 s cfu/mLf 

>10 3 cfu/ml 

>T0 3 cfu/mL. 
Unreliable* 
Unreliable* 
Unreliable* 
Unreliable* 

•Growth of small numbers of a single organism (£10* cfu/mL) 
horn unne samples collected by cystocentesis is suggestive of skin 
contamination during collection. Growth of large numbers 

(>IU chi/mLJ of multiple organism from urine samples collected by 
cystocentesis is suggestive of needle puncture of bowel and 
contamination by intestinal flora. 

^^ eline ma >' resu l t m erroneous diagnosis of UTI because 
>10 (Su/mL may be obtained from urine samples collected by 
catherization in 20% of normal female dogs. Also, the procedure of 
lire-thral catheterization itself may cause UTI in 20% of normal 

female dogs. Colleton of urine by cystocentesis is recommended 
for establishing a diagnosis of 1 I in female dogs. 

'Culture of midstream-voided urine samples from normal dogs and 

cats may result in growth of £10* cfii/mL In the absence of prior 

antimicrobial therapy, a negative result on a voided sample excludes 
a diagnosis of UTI. 


METHOD OF 
COLLECTION 


SPECIES SEX 


Cystocentesis* 


Dog 


Male 

Female 

Male 

Female 

Male 

Female 

Male 

Female 

Male 

Female 

Male 

Female 


Cat 


Catheterization 


Dog 


Cat 


Midstream voided 


Dog 


Cat 


es. 


is Con¬ 


or 


iodinated 


organic compound. The contrast medium is filtered 

and excreted by the kidneys, and the quality of the study 

partly depends on the patient's GFR. Radiographs should be 
taken at appropriate intervals (e.g., less than 1 minute, 5 min- 
utes, 20 minutes, and 40 minutes) to obtain maximum infor¬ 
mation about the renal parenchyma and collecting system. 
Excretory urography is useful for the evaluation of a number 
ot abnormalities, including renal size, shape, or location; filling 
detects in the renal pelvis or ureters; certain congenital defects 
(e-g., unilateral agenesis); renomegaly; acute pyelonephritis; 
and rupture of the upper urinary tract. Excretory urography 
should not be performed in dehydrated patients or in those 
with known hypersensitivity to contrast media. Although 
excretory urography normally is a safe procedure, a decrease 
in the GFR may persist for several days after intravenous 
administration of contrast agents to normal dogs, and ARF has 
been reported in a dog after excretory urography. 5 * The gen¬ 
eral technique and interpretation of excretory urography in 
dogs and cats have been reviewed elsewhere. 55 Ultrasound- 
pnded percutaneous antegrade pyelography has been used 
localize ureteral obstruction in dogs and 

Ultr oson o g r a phy 

Renal ultrasonography is a noninvasive imaging technique 

that does not depend on renal function, has no known adverse 
effects on the patient, and allows characterization of internal 
renal architecture. The major advantage of ultrasonography is 


more 


RADIOLOGY 

Radiography provides precise information about renal size 
that frequently cannot be obtained from the physical exami¬ 
nation To correct for variation in patient size and radiographic 
magnification, renal size is evaluated in reference to sur¬ 
rounding anatomic landmarks, usually the second lumbar 

vertebra | 2) on the ventrodorsal view. The left kidney nor¬ 
mally is well visualized in the dog, but the right kidney often 
cannot be seen as well, especially its cranial pole. In the dog 
the left kidney (near vertebra L2 to L5) is located caudal to 
the right kidney (near vertebra T13 to L3}. In the cat the kid- 
neys he near vertebra L3, with the right kidney positioned 
s ightly cranial to the left. Renal size in dogs and cats can be 
assessed radiographically and compared to the length of ver- 

* ebra ,c° n ven , trodorsal Vlew . the kidney to L2 ratio is 
Z.D to j*5 in dogs and 2*4 to 3 in cats. 

Excretory urography is performed by taking sequential 
abdominal radiographs after intravenous administration of 


to 


cats. 56 


an 
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of the resistive index. The normal value for the renal resistive 
index in healthy unsedated dogs is approximately 0,6. 75 
Somewhat lower values have been reported in normal, 
sedated dogs 7 * 1 and cats* 77 Other studies have suggested an 
upper limit of 0.7 for the resistive index in normal, unsedated 
cats. 7 * 17 - Higher than normal values for the resistive index have 
been reported in some renal diseases of dogs and cats 80 but not 
in experimentally induced aminoglycoside nephrotoxicosis. 01 

Renal ultrasonography also has been used to monitor the 
status of renal allografts in dogs 82 and renal autografts in 
cats. 78 A rapid increase in renal volume in the immediate post¬ 
operative period may signify rejection, but some enlargement 
normally occurs as a consequence of edema and renal hyper¬ 
trophy. The renal volume and cross-sectional area, as moni¬ 
tored by ultrasonography increased by 103% and 83%, 
respectively as a result of hypertrophy and rejection by 17 
days after allograft transplantation in dogs, 82 Changes in renal 
width were greater than changes in height or length, which 
suggests that the cross-sectional area measurement may be a 
useful parameter to monitor. In cats, renal autografts increased 
50% in the cross-sectional area by 13 days after transplanta¬ 
tion as a result of postoperative edema and hypertrophy but 
no changes were seen in the resistive index. 78 


the ability to discriminate among the renal capsule, cortex, 
and medulla, the pelvic diverticula, and the renal sinus. 
Normally, the kidney is less echogenic than the liver or spleen. 
Collagen and fat provide highly reflective acoustic interfaces 
and account for the observation that the renal capsule, diver¬ 
ticula, and sinus are the most echogenic structures in the 
kidney. The renal medulla normally is less echogenic than the 
renal cortex because of its higher water content and fewer 
acoustic interfaces. 59 The hyperechogenicity of the renal 
cortex relative to the medulla varies among normal cats and 
has been attributed to variations in the amount of fat in the 


57-60 


proximal tubular cells. 61 

Renal length and volume, as determined by ultrasonogra¬ 
phy, are linearly related to body weight in dogs/' 2 63 In cats, 
renal length as determined by ultrasonography ranges 
between 3 and 4.3 cm, 64 Measurements of renal size deter¬ 
mined by excretory urography exceed those obtained by 
ultrasonography. 57 ' 64 This difference is due to osmotic diuresis 
and radiographic magnification effects during excretory urog¬ 
raphy and to indistinct renal margins and inaccurate choice of 
scanning planes during ultrasonography. 62 ' 64 

Renal ultrasonography is useful for differentiating solid 
from fluid-filled lesions and for determining the distribution 
of lesions in the kidney (i.e., focal, multifocal, diffuse}* 65 A 
pattern of multiple, anechoic cavitations is highly suggestive 
of polycystic kidney disease* 66 - 67 Cysts are smooth, sharply 
demarcated, anechoic lesions that demonstrate through trans- 

The renal pelvis is dilated with anechoic fluid in 
hydronephrosis, and the kidney is surrounded by an accumu¬ 
lation of anechoic fluid in cats with perinephric pseudo- 

CD rganized hematomas, abscesses, and necrotic 


RENAL BIOPSY 


Renal biopsy allows the clinician to establish a histologic diag¬ 
nosis and should be considered when the information 
obtained is likely to alter patient management. Examples of 
such situations include differentiation of protein-losing 
glomerular diseases, differentiation of ARE from CRF, deter¬ 
mination of the status of the tubular basement membranes in 
ARF, and determination of the patient's response to therapy 
or the progression of previously documented renal disease. 
A renal biopsy should not be performed until a thorough clin¬ 
ical evaluation of the patient has been completed. 

Before renal biopsy, an intravenous catheter should be 
placed, and the animal's clotting ability should be evaluated 
by measurement of the buccal mucosal bleeding time and 
estimation of platelet numbers. The patient's hematocrit and 
plasma proteins should be determined before biopsy but after 
adequate rehydration with parenteral fluids. The hematocrit 
and plasma proteins may be monitored after biopsy to detect 
hemorrhage* 

Several techniques can be used for renal biopsy, including 
blind percutaneous, laparoscopic, keyhole, open, and ultrasound- 
guided approaches. The choice of technique depends largely 
on the experience and technical skill of the operator, the 
species to be biopsied, and the sample size required. The blind 
percutaneous technique works well in cats, because their kid¬ 
neys can be readily palpated and immobilized. Laparoscopy 
allows direct visualization of the kidney and detection of 
hemorrhage but requires special equipment and expertise. 
The keyhole approach occasionally is used in dogs but is 
useful only if the operator is experienced with the technique. 
In one study of renal biopsy techniques in dogs, modifications 
of the keyhole technique and the use of laparoscopy did not 
improve the quality of the biopsy specimen obtained or 
reduce the complication rate. 83 

If the operator is relatively inexperienced with renal biopsy 
or if a larger sample is required, wedge biopsy by means of 
laparotomy is recommended. Laparotomy offers the operator 
the advantages of being able to inspect the kidneys and other 
abdominal organs visually, to choose the specific biopsy site, 
to take an adequately sized sample, and to observe the kidney 
for hemorrhage. Some techniques require general anesthesia 
for adequate patient restraint and analgesia, but needle biopsy 

specimens of the kidney can be obtained from dogs and cats 


58 


mission. 


60,60 


cysts. 

nodules present a pattern of mixed echogenicity. Focal or dif¬ 
fuse lesions of mixed echogenicity that disrupt normal 
anatomy often are tumors* 65 Poorly vascular tumors of 
homogenous cell type (e.g., lymphosarcoma] may produce 
hypoechoie lesions that occasionally may be misinterpreted as 
cysts. 65 - 66 Diffuse parenchymal renal diseases characterized by 
cellular infiltration with preservation of normal renal archi¬ 
tecture (e.g., chronic tubulointerstitial nephritis) may pro¬ 
duce diffuse hyperechogenicity but occasionally have a 
normal ultrasonographic appearance* Consequently, normal 
renal ultrasonographic results do not eliminate the possibility 
of renal disease. 

■Ethylene glycol intoxication also causes renal hyper¬ 
echogenicity. Within 4 hours of ethylene glycol ingestion, 
renal cortical echogenicity exceeds that of the liver and 
approaches that of the spleen, 7071 Medullary echogenicity 
increases to a lesser extent* Increased cortical and medullary 
echogenicity, with relative hypoechogenicity of the corti- 
comedullary junction and inner medulla, results in a "halo" 
sign that correlates with the onset of anuria. Renal hypere¬ 
chogenicity in ethylene glycol intoxication is attributed to 
deposition of calcium oxalate crystals in the kidneys. 

An echogenic line in the outer zone of the medulla and 
paralleling the corticomeduliary junction (so-called medullary 
rim sign] has been observed in ethylene glycol intoxication 
but also in acute tubular necrosis, hypercakemic nephropa¬ 
thy, granulomatous nephritis caused by feline infectious peri¬ 
tonitis, and chronic tubulointerstitial nephritis, 72 - 73 This lesion 
also has been observed in normal cats 61 and has been associ¬ 
ated with mineralization of tubular basement membranes. In 
a study of 32 dogs with medullary rim sign, most of the dogs 
in which this feature was the sole ultrasonographic finding 
had no evidence of renal dysfunction, whereas those with 
other ultrasonographic abnormalities (e.g., reduced renal size, 
increased medullary echogenicity, pyelectasia) had clinical 
evidence of renal dysfunction. 74 

Intrarenal resistance to blood flow may be assessed during 
duplex Doppler ultrasonography and evaluated by calculation 
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under ultrasound guidance using one of several sedation 
protocols. In one study, the GFR (estimated by 39m Tc-DTPAl 
was similar in dogs sedated with butorphanoi and diazepam, 
acepromazine and butorphanoi, and diazepam and ketamine 

and the GFR of sedated dogs was not significantly different 
from that of awake dogs. 84 

At our hospital, renal biopsy in dogs and cats currently is 
performed under ultrasound guidance using the Bard® Biopty 
biopsy instrument (Bard Biopty biopsy system; C.R. Bard 
Covington, Georgia) and with the animal sedated with a com¬ 
bination of medetomidine, butorphanoi, and atropine. This 
combination of drugs recently was evaluated for renal biopsy 

'"r d L° gS ,ir^ ng *! mTc - DTp A renal scintigraphy as an estimate 
ot the GFR) and was found to have effects on the GFR simi¬ 
lar to those observed with saline alone. ] n another study 
needle biopsy of the kidney in normal cats sedated with 
ketamine and acepromazine had minimal effect on the GFR 
evaluated by ® m T c-DTPA renal scintigraphy.« Occasionally, 

the tissue architecture is less important (e g., in renal lym- 
phosarconw and feline infectious peritonitis), and aspiration 

ot die kidney using a 23- or 25-gauge needle may provide 
useful material for cytology, 

, _ e mos * commonly used biopsy instruments are the 

franklin-modi tied Vim Silverman needle and the Tru-Cut 
biopsy needle. Excessive penetration of the kidney with the 
outer cannula of the Franklin-modified Vim Silverman instru¬ 
ment should be avoided to prevent retrieval of an insufficient 
amount of renal cortex. Care should be taken in directing the 
angle ot the biopsy instrument to avoid the renal hilus and 
major vessels. Samples containing large amounts of medulla 

likely to contain large vessels and to lead to infarc¬ 
tion of renal tissue. It therefore is recommended that the 
biopsy needle he directed along the long axis of the kidney 
solely through cortical tissue (Figure 257-20), In cats, because 
ot the small size of feline kidneys, it is common to obtain 

relatively large amounts of medullary tissue, and this has been 
associated with infarction and fibrosis. 

After biopsy using the open approach or keyhole technique 
the kidney should be digitally compressed for 5 minutes, and 
aiter release the abdomen inspected for hemorrhage. The 
sample may be dislodged from the biopsy instrument with 
a stream of sterile saline from a syringe or, alternatively the 
biopsy instrument may be immersed directly in fixative For 
routine histopathology, the sample should be fixed in buffered 
IU /a form aim for at least 3 to 4 hours. For immunofluores¬ 
cence studies, the sample can be preserved in Michel's trans- 

P °Ir me “ ]um - Immunopathology studies also may be 

performed by a peroxidase-antiperoxidase method 

formalin-fixed samples, without the need for special 
tion of the sample. 

After renal biopsy, a brisk fluid diuresis should be initiated 

to prevent clot formation in the renal pelvis. The patients 

hematocrit and plasma proteins should be monitored at 

appropriate intervals over the next 12 to 24 hours to detect 
serious hemorrhage. 


Correct 


Incorrect 


as 


Figure 257-20 Demonstration of renal biopsy techniq 

showing correct and incorrect placement of the biopsy instru¬ 
ment in the kidney. (Drawing courtesy Dr. Shelly Vaden North 
Carolina State University, Raleigh.) 


ue 


The most common complication of renal biopsy is hemor- 
rhage. Subcapsular hemonrhage commonly occurs at the site 
of biopsy, and many patients experience microscopic hema¬ 
turia during the first 48 hours after biopsy. Macroscopic 
hematuria is less common. Severe hemorrhage into the peri¬ 
toneal cavity is rare and usually is associated with improper 
technique. Such hemorrhage must be treated aggressively by 
compression bandage of the abdomen, fresh whole blood 
transfusion, and exploratory surgery if necessary. 

Linear infarcts in the path of the biopsy needle are com¬ 
monly observed after renal biopsy in both dogs and cats. These 
are smali and superficial when the biopsy is limited to the 
renal cortex. However, if an arcuate artery is damaged by 
passage of the biopsy needle through the corticomedullary 
junction, a wedge-shaped infarct may occur. This complica¬ 
tion is more common in cats because of the small size of the 
kidneys in relation to the length of the biopsy needle. 

Hydronephrosis occasionally complicates renal biopsy. If 
the renal pelvis is penetrated by the biopsy needle, bleeding 
may occur, and dot formation can lead to obstruction of the 

kidney and hydronephrosis. This complication should be 
considered if the biopsy report indicates the presence of 
transitional epithelium at one end of the biopsy or if progres¬ 
sive renal enlargement is detected after renal biopsy. The risk 
of this complication can be minimized by limiting die biopsy 

site to the renal cortex and instituting a fluid diuresis 
afterward. 
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Acute Uremia 


Larry D, Cowgifl 

Thierry Francey 


between these conditions to administer appropriate therapy 
and render an accurate prognosis. Acute uremia frequently 
complicates other surgical or medical diseases and must be 
recognized as a serious complication of any condition. 


A cute uremia is a clinical condition in which the kidneys 

suddenly and often catastrophically fail to meet the 
excretory, metabolic, and endocrine demands of the 
body. This abnormality is induced by rapid hemodynamic, 
filtration, tubulointerstitial, or excretory injury to the kidneys 
outflow system (or both), which results in accumulation of 
solutes (uremia toxins), metabolic dysfunction, and dysregu- 
lation of fluid, electrolyte, and acid-base balance. Acute 
uremia is, conceptually, a quickly developing disease to intrin¬ 
sically normal kidneys. However, some animals have prerenal, 
renal parenchymal, or postrenal events superimposed on a 
pre-existing chronic renal injury that causes a similar clinical 
condition, 

The term acute renal failure (ARF) does not standardize 
the classification of acute uremia relative to its severity, dim- 
cal course, response to therapy, or prognosis for recovery. 1 - 2 
To date no specific biologic markers provide these distinc¬ 
tions. Numerous definitions of acute uremia exist that are 
based on changes in glomerular filtration rate (GFR), degree 
of azotemia, or urine production in humans. These criteria, 
however, are rarely applied to animals because the abruptness 
of their disease and changes in azotemia or volume of urine 
production are usually not known. Acute uremia in animals 
is generally a disease recognized later than in humans and 
with varying abruptness and azotemia. The diagnosis of ARF 
is established with high specificity but low sensitivity. 
Affected animals have a spectrum of functional and clinical 
deficiencies that should be considered in its classification, 
management, and outcome. 

Acute uremia is associated with a rapid (hours to days) and 
progressive increase in serum concentrations of urea, creati¬ 
nine, and phosphate. There may also be variable degrees of 
hyperkalemia, metabolic acidosis, or both. Progression of 
azotemia may not be recognized in animals being evaluated 
for the first time that are already in a late stage of disease or 
in those without previously obtained serial blood chemistry 
determinations. After azotemia is demonstrated, the acute 
condition must be differentiated from functional disturbances 
(prerenal azotemia) or chronic renal failure [CRFJ. Oliguria 
and anuria are characteristic of severe forms of acute uremia, 
but this feature is unpredictable. Nonoliguric forms of acute 
uremia are common and must be differentiated from polyuria 
associated with CRF. In contrast to CRF, acute uremia is 
potentially reversible if the animal survives until the underly¬ 
ing conditions resolve and natural recovery (repair) of the 
renal injury takes place. Throughout its progression, therapeu¬ 
tic opportunities exist to alter the outcome of the disease. If 
the diagnosis is missed or if the injury is too severe, the kidney 
will be incapable of morphologic repair. Thus delays in initi¬ 
ating therapy or failure to provide appropriate supportive 
therapy may result in irreversible renal damage and death. 
The incidence of acute uremia ts lower than that of CRF in 
both dogs and cats. The clinical signs associated with acute 
and CRF may be similar, and clinicians must distinguish 


or 


CAUSE OF ACUTE UREMIA 


Acute uremia can be categorized as prerenal azotemia, intrin¬ 
sic ARF, postrenal azotemia, or some combination of these 

conditions. 

Prerenal Azotemia 

Prerenal azotemia is a hemodynamic ally mediated decline in 
GFR resulting from decreased renal blood flow, perfusion 
pressure, or increased renal vascular resistance. It represents a 
functional alteration in GFR that is completely reversible 
without morphologic consequences to renal parenchyma. 
Prerenal azotemia develops as a coordinated neural and humoral 
response to hemodynamic deficiencies in an attempt to 
preserve perfusion to vital organs. Filtration failure ensues 
when the renal perfusion pressure falls below the threshold 
for renal auto regulation (usually a mean arterial pressure 
[MAP] < 80 mm Hg). 3J As renal compensatory mechanisms 
are activated in response to hemodynamic failure (cardio¬ 
genic, septic, hypovolemic shock) or to decreased functional 
renal mass, even small additional impairments in renal 
perfusion or glomerular hemodynamics (nonsteroidal anti¬ 
inflammatory drugs [NSAIDs], angiotensin-converting 
enzyme [ACE] inhibitors, angiotensin receptor blockers) can 
precipitate severe filtration failure. 5 - 6 Activation of the sympa¬ 
thetic nervous system (SNS), the renin-angiotensin- 
aldosterone system, and the release of antidiuretic hormone 
(ADH) in response to these hemodynamic events promote via 
salt and water conservation, urine concentration, and oliguria 
in an attempt to restore blood volume. 

Mild azotemia (serum creatinine concentrations < 4 mg/dL, 
and blood urea nitrogen [BUN] concentrations < 80 mg/dL), 

increased urine specific gravity [USG], and decreased urine 
sodium excretion (urine sodium concentration <20 mEq/L; 
fractional excretion of sodium < 1%) are hallmarks of prere¬ 
nal azotemia. These parameters may be masked by the use of 
diuretics or by underlying conditions (CRF, adrenal insuffi¬ 
ciency, hepatic failure, diabetes insipidus) that impair renal 
concentrating ability. Tubular reabsorption of urea can be 
increased disproportionately to creatinine at these low urine 
flow rates, causing variable increases in BUN/creatinine 
ratio. 7 - 8 A prerenal component to this azotemia is often super¬ 
imposed on intrinsic renal failure, causing severe uremia. 
Prolonged renal hypoperfusion can result in structural alter¬ 
ations secondary to ischemic cellular injury that may induce 
intrinsic ARE Vasculitis, pancreatitis, hypoproteinemia, 
heat stroke, liver failure, and gastric torsion are examples of 
disease states inducing hemodynamic disturbances with the 
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propensity to cause progressive prerenal azotemia leading to 
intrinsic ARK 9 

Intrinsic Acute Renal Failure 

intrinsic ARF is the result of parenchymal damage to the 
kidney and can be categorized according to the initial site of 
nijury as primary vascular, $omerular t tubular, or interstitial. 
This anatomic classification is arbitrary due to multiple inter¬ 
actions between these structures but may be helpful in under¬ 
standing the pathophysiology of lesions observed in individual 
dogs and cats (Box 258-1). For clinical purposes, ARF may be 
categorized based on cause. With this classification, ARF can 
develop as a continuation of prerenal events, local ischemia 
(ischemic nephrosis), or as a consequence of exogenous 
endogenous nephrotoxins [toxic nephrosis), Using a causative 
classification, primary renal diseases (pyelonephritis, toxic 
nephrosis) and systemic diseases with renal manifestations 

(pancreatitis, ischemic nephrosis) can induce ARF with mixed 
anatomic involvement. 

Ischemia due to prolonged hypotension, hypovolemia, 
circulatory collapse, or excessive renal vasoconstriction pre¬ 
disposes a dog or cat to filtration failure and acute uremia as 
extension of prerenal azotemia. Renal ischemia may also 
develop after renal arterial thrombosis, disseminated intravas¬ 
cular coagulation (DIG), or septic thrombi. 


Nephrotoxins are the primary cause of ARF in dogs. 
They can be of exogenous or endogenous origin and of diverse 
chemical classes including organic compounds and solvents, 
antimicrobials, vasoactive drugs, and miscellaneous therap 
tics (Box 258-2). 

NS AID s inhibit cyclooxygenase (COX)-dependent syn¬ 
desis of vasodilatory prostaglandins that regulate renal blood 
flow when renal perfusion is compromised. Nonselective 
COX-1 /COX-2 inhibitors (flunixin meglumine, ibuprofen r 
aspuin), 13 promote loss of counter-regulatory vasodilation to 
an ischemic insult, which intensifies vascular resistance and 
furthers hypoperfusion of the kidney. 14 Although species 
differences exist, newer NSAIDs with selective COX-2 
inhibition (meloxicam, carprofen, deracoxib) also have the 
potential to be nephrotoxic. 

The principal toxicity associated with NSAIDs use in 
animals is a nonoligurie ischemic nephrosis. Idiosyncratic 
tubulointerstitial nephritis, nephrotic syndrome, renal papil¬ 
lary necrosis, and hyporeninemic-hypoaldosteronism have 

also been described in humans,» The nephrotoxicity of 
NSAIDs is exacerbated in animals with congestive heart 
failure (CHF), nephrotic syndrome, renal insufficiency, hyper¬ 
tension, cirrhosis, and those undergoing anesthesia in which 
renal perfusion is compromised and renal vascular tone is 
increased, 14 Because of the ischemic nature of this nephro¬ 
toxicity, the lesions are generally reversible. 

ACE inhibitors may induce ARF through alterations in 
glomerular hemodynamics, renal hypoperfusion, and tubular 
ischemia. Sodium depletion, diuretic abuse, and CHF may 
increase the nephrotoxic po tential of these drugs. The risks of 
toxicity are magnified in animals with pre-existing CRF 
because basal GFR is dependent on increased postglomerular 
resistance mediated by angiotensin II 6 ACE inhibitors 

with mixed renal and hepatic elimination may prove less toxic 

animals with CRF when compared with ACE inhibitors 
that are excreted only through the kidneys. 18 

Clinicians may prevent ARF induced by NSAIDs or ACE 
inhibitors with judicious monitoring of serum creatinine con¬ 
centrations before mitigating treatment, together with early 
(3 to 5 days) and frequent (biweekly) monitoring of 
creatinine concentrations after the start of therapy. If 
increased concentrations of serum creatinine are documented, 
treatment should be stopped or doses reduced. Special pre¬ 
cautions should be taken when administering diuretics, ACE 
inhibitors, NSAIDs, or a combination of these medications 
concurrently due to their additive hemodynamic effects. 

Ethylene glycol toxicosis is one of the most 
causes of ARF and one of the most common toxicoses recog¬ 
nized in companion animals. 19 Automobile antifreeze is the 
usual source of exposure, and the toxicity develops by the 
direct actions of its metabolites on the tubular epithelium and 

deposition of calcium oxalate crystals in the tubular lumens 
and interstitium. 

Plant-related intoxications represent a new category of 

acute uremia in dogs and cats with severe nephrosis. Exposure 

and ingestion of lilies has been reported to cause severe acute 

ARF in cats, 20 ' 21 Similarly, ingestion of grapes or raisins has 
been recently associated with ARF in dogs, 22 * 23 

Aminoglycosides (gentamicin, amikacin, tobramycin, 
netilmicin, and neomycin) are potent nephrotoxins causing 
direct tubular injury or tubular dysfunction associated with 
wasting of filtered solutes. 24 Further, nearly all antimicrobials 

(including penicillins, cephalosporins, carbapenems, fluo¬ 
roquinolones, macrolides, tetracyclines, and sulfonamides) can 
cause tubular injury, tubular dysfunction, or intratubular 

obstruction. 1 

Amphotericin B is a polyene antifungal that complexes with 
sterol moieties of cell membranes forming pores that disrupt 
cellular integrity and increase membrane permeability. 26 


eu- 


or 


an 


’ii' 


Causes of Intrinsic Acute Renal Failure 


Renal Ischemia 

Progression of prerenal azotemia 

Renal vascular disease (avulsion, thrombosis, stenosis) 


in 


Nephrotoxicity 

Exogenous toxins 
Endogenous toxins 


serum 


Dru gs 


Primary Renal Diseases 

Infections: pyelonephritis, leptospirosis, infectious canine 
hepatitis 

Immune-mediated disease: acute glomerulonephritis, 

systemic lupus erythematosus (SLE), renal transplant 
rejection 

Neoplasia: lymphoma 
Miscellaneous: "Alabama rot" 26 


common 


Systemic Diseases with Renal Manifestation 

Infections: Feline infectious peritonitis (HP), borreliasfs, 

babesiosis, leishmaniasis, bacterial endocarditis 
Pancreatitis 

Systemic inflammatory response syndrome, sepsis, 

multiple organ failure, disseminated intravascular 
coagulopathy (D1Q 
Heart failure 


Hepatorenal syndrome 
Malignant hypertension 

Hyperviscosity syndrome: polycythemia, multiple 

myeloma 
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List of Substances unth Nephrotoxic Potential 


Lipid-lowering agents 
Methoxyflurone 

Penicillamine 

Acetaminophen 
Tricyclic antidepressants 
Radiocontrast agents 


Therapeutic Agents 

Antibacterial drugs 
Aminoglycosides 
Penicillins 
Nofcftlln 
Cephalosporins 
Sulfonamides 
Fluoroquinolones 
Carbapenems 
R ifampi n 
Tetracyclines 
Vancomycin 
Aztreonom 
Antifungal drugs 
Amphotericin 8 
Antiviral drugs 
Acyclovir 
Fosca met 

Antiprotozoal drugs 
Pentamidine 
.Sulfadiazine 
Tri m ethopri m-su If a meth oxazole 

Dapsone 

Thiacetarsemide 
Ca ncer c hemoth era pe uti cs 
Cisplatin, carboplatin 
M ethotrexate 
Doxorubicin 
Adriamycin 
Azathioprine 

Immunosuppressive drugs 
Cyclosporine 

FKS06 

Interleukin (II)-2 

NSAIDS 
Ace in h i bitors 
Diuretics 
Mannitol 

Miscellaneous therapeutic agents 
Dextran 40 

Allopurinol 

Cimetidine 

Apomorphine 
Deferoxamine 
Strepto kinase 

Aminocaproic acid 


Nontherapeutic Agents 

Heavy metals 
Mercury 
Uranium 
Lead 

Bismuth salts 

Chromium 

Arsenic 

Gold 

Cadmium 

Thalii u m 

Copper 

Silver 

Nickel 

Antimony 

Organic compounds 
Ethylene glycol 
Carbon tetrachloride 
Chloroform 

Pesticides 

Herbicides 

Solvents 

Miscellaneous agents 
Gallium nitrate 
Diphospho nates 
Mushrooms 
Grapes/raisins 
Calcium antagonists 
Snake venom 
Bee venom 










Lily 


Illicit drugs 


Endogenous Toxins 

Pigment nephrosis 
Hemoglobin 
Myoglobin 


Cisplatin is an alkylating antineoplastic agent concentrated 
within and excreted primarily by the kidney. Its administration 
leads to a dose-dependent, progressive, and irreversible non- 
oliguric ARF. Carboplatin, an analogue of cisplatin, is less 
ephrotoxic and has largely replaced cisplatin in clinical practice. 
Primary renal diseases include infectious, immune-mediated, 
neoplastic, or degenerative conditions with primary expression 


Nephrotoxicity is the dose-limiting factor associated with use 
of this drug, and renal function should be closely monitored 
throughout its administration. The advent of lipid formulations, 
and particularly of liposome encapsulated amphotericin B p 
has markedly decreased the nephrotoxicity associated with 
amphotericin use and has allowed more aggressive application 
of this drug. 27 * 30 
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in the kidney. When peracute or extensive, primary renal dis¬ 
eases produee an acute uremia that must be differentia¬ 
ted from traditional ischemic or nephrotoxic causes. Acute 
pyelonephri tis develops from ureteral refl ux of bacteria in the 
urine of animals with lower urinary tract (LUT) infection. 
It is an important cause of acute uremia in both dogs and 
cats. 11 - 31 The azotemia may be moderate or severe and associ¬ 
ated with variable urine output. Suppurative nephritis is an 
infection arising from hematogenous dissemination of bacte¬ 
ria or septic embolization of the kidneys in animals with 
bacteremia or septicemia. Predisposing conditions include 
bacterial endocarditis, discospondylitis, and pyometra. 

Leptospirosis is a specific infectious zoonosis of dogs with 
predominantly hepatorenal manifestation. 3Z ' 3S It was a 
well-characterized syndrome of acute hemorrhagic diathesis, 
subacute icterus, or subacute uremia caused by Leptospira 
interrogans serogroups canicola and icterohaemorrhagiae. 
Widespread use of a bivalent vaccine against these serogroups 
led to near extinction of leptospirosis in the canine popula¬ 
tion, until recently. 32 33 - 35 - 38 Retrospective studies 
United States and Canada have documented a 


space (ureteral), peritoneal cavity {ureteral, bladder, or proxi¬ 
mal urethra), or pelvic canal (urethra), with consequent 
development of oligoanuria and uremia. Correction of the 
outflow obstruction or rupture may represent a surgical 
challenge, but if successful it will resolve azotemia without 
the presence of permanent structural damage to the kidneys. 
Protracted outflow obstruction for more than 7 days 
result in renal parenchymal damage and intrinsic ARE At this 
stage, recovery of renal function is unpredictable and influ¬ 
enced by the severity and duration of the obstruction, com¬ 
pleteness of the surgical correction, postobstructive medical 
complications, and pre-existing renal disease. Intuitively, a 
successful outcome will be less likely and the animal will 
be subjected to greater structural damage or death from 

uremia if correction of the outflow impairment is delayed 
incomplete. 


can 


or 
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in the 


regional 

re-emergence of the disease since the 1990$ and a change i 
its epidemiology with L. pomona f L. braiislava , L. grippoty- 
phosa f and L. autumnalis as the most commonly identified 
serogroups. The associated clinical syndrome has also 
changed, with ARE rather than hepatorenal or coagulation 
manifestations. 32 ' 33 - 36 ' 35 Possible explanations for the recently 
recognized re-emergence and clustering of leptospirosis could 
include urbanization of the canine population and encroach¬ 
ment of dogs into environments harboring reservoirs of the 
host species. 32 34 - 37 New, multivalent vaccines have emerged in 
response to these epidemiologic trends, but it remains to be 
seen whether vaccination will change the prevalence or biol¬ 
ogy of this disease. Because of its growing prevalence 
cause of acute uremia in dogs, leptospirosis should be 
included routinely in the differential diagnosis of all dogs with 
ARF, regardless of vaccination status, 

A rapidly progressive form of ARF with severe azotemia, 
proteinuria, peripheral edema, and body cavity effusion has been 
associated with positive serology for Borrelia burgdorferi . This 
form of the disease is recognized routinely in dogs from endemic 
areas and, despite aggressive therapy, is invariably fatal 40 

Systemic diseases including pancreatitis, sepsis, and 
hemolytic anemia (see Box 258-1) promote intrinsic ARF 
through secondary mechanisms associated with renal hemo¬ 
dynamics, systemic inflammatory responses, or drug toxicities 
associated with the underlying disease or diseases (see 
Pathophysiology, following). Tlie ensuing ARF can exacerbate 
the course of the primary disease or dominate the clinical 
presentation of affected animals. 


Ischemic and toxic insults to the kidney cause a state of acute 
tubular injury (ATI). At the cellular level, ATI can vary from 
sublethai cell damage to cellular necrosis or apoptosis. The 
term ATI is often equated with the older term, acute tubular 
necrosis, used to denote ARF; however, the two terms should 
be distinguished in the pathophysiologic description of the 
syndrome. The histopathologic changes in some kidneys 
more subtle than necrosis, and the tubular injury may be sub- 
lethal, making ATI a more appropriate descriptor and provid¬ 
ing better correlation between observed structural alterations 
and clinical correlates of renal dysfunction. 43 With ischemic 
and nephrotoxic ARF, the tubular injury is characterized by 
degenerative and less commonly necrotic foci of tubular 
epithelium distributed heterogeneously throughout the 
kidneys with minimal evidence of interstitial inflammatory 
infiltrates. The straight portion of the proximal tubule (S3 seg¬ 
ment) shows the most severe degenerative changes after 
insult and maximal mitotic activity during recovery. The 
voluted proximal tubule (SI and S2 segments), the segments 
in the inner medulla, the medullary thick ascending limb, and 
the collecting tubules are least severely affected or completely 
spared by ischemic or toxic damage 43 44 

Phases of Intrinsic Acute Renal Failure 

ARF classically proceeds through three clinical phases: (1) ini¬ 
tiation, (2) maintenance, and (3) recovery. 45 The late stage of 
the initiation phase is now recognized as pathophysiologic ally 
distinct and this classical progression has been modified 
recendy to include the extension phase as indicated in Figure 

258-L 2 r 46 The initiation phase is the period during which the 

animal is subjected to the renal insult. At this phase, parenchy¬ 
mal injury evolves, and the tubular epithelium undergoes 
sublethai but potentially reversible injury. 2 - 47 Early interven¬ 
tion during the initiation phase will often prevent 
to more severe injury. 

During the extension phase the kidney is subjected to 
alterations in renal perfusion, continued hypoxia, secondary 
inflammation, and ongoing epithelial and endothehaJ injury. 
As a result of these sustained or cumulative insults, the cellular 
injury progresses to cell death by necrosis or apoptosis. The 
functional consequences are a progressive decline in glomeru¬ 
lar filtration, loss of urine-concentrating ability, and develop¬ 
ment of oliguria (or nonoliguria) and azotemia. At this critical 
phase in the pathogenesis, clinical manifestations may not be 
apparent, but the injury may be unresponsive to therapeutic 
intervention. The combined initiation and extension phases 
may last from hours to days but remain unrecognized because 
the changes in GFR and USG are not clinically apparent. 


in 


are 


as a 


an 


con- 


Post renal Azotemia 

Fostrenal azotemia occurs with obstruction or diversion of 

urine and consequent retention of excretory products within 

the body. The most common causes of postrenal azotemia 
include partial 

bladder by uroliths, mucous plugs, blood dots, or intra- or 
extraluminal mass lesions. Bilateral ureteral dilation should 
raise suspicion of a common outflow obstruction at the 
ureterovesical junction caused by a transitional cell carcinoma 
in the bladder neck or inadvertent ligation of the ureters 
during ovariohysterectomy. Bilateral ureteral obstruction 
unilateral obstruction in a dog or cat with only one function¬ 
ing kidney can be caused by calcium oxalate uroliths, solidified 
blood clots, 


progression 


complete obstruction of the urethra 


or 


or 


or 


plugs, inflammatory debris, or stricture 
being recognized with increased fre- 


mucous 
These problems an 

quency as a leading cause acute uremia in cats, 41 - 42 Rupture of 
the urinary outflow tract diverts urine into the retroperitoneal 
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Ischemic or 
nephrotoxic insult 


Initiation of 

parenchymal injury 


Extension of 
parenchymal injury 


Subletha! injury 


Lethal injury 


Uremic death 


Recovery phase 








Chronic renal failure 


Complete recovery 


Figure 258-1 Clinical phases of acute renal failure (ARF). In the initiation and extension phases, 
renal damage and subletha! cellular injury evolve, but renal failure is not evident. In the mainte¬ 
nance phase, the inciting events have ceased, cellular damage is established, and signs of uremia 
become apparent. The recovery phase involves tubular regeneration and repair and the partial or 

complete return of renal function. 


physiologic response to accumu- 


The maintenance phase ensues after a critical amount of 
irreversible epithelial damage has occurred. GFR is decreased, 
the regulation of regional blood flow is altered, urine volume 
may decrease, and the complications of uremia develop. 
Elimination of inciting factors at this phase will not alter 
existing damage or rate of recovery. 1746 The maintenance 
phase lasts from days to weeks and when prolonged portends 
a slower rate of recovery and a likelihood of permanent renal 
impairment. 

The recovery phase is the period where renal tissue under¬ 
goes regeneration and repair with restoration of renal func¬ 
tion. Recovery may be associated with an increase in urine 
output and progressive resolution of the azotemia; however, 
molecular evidence of regeneration may be detected before 
these signs are apparent. 46 An increase in urine production at 
this phase may not correspond to meaningful improvement in 
GFR, so changes in the azotemia may lag behind evidence of 


tubular repair. Diuresis is 
lated water, salt, and osmotic ally active solutes, immature 
tubular function, or diuretic therapy. Functional repair follows 
cellular recovery of the sublethally injured epithelium, 
removal of intratubular debris, and re-epithelialization of the 
tubule. 49 The renal injury induces growth factor production 
and alters gene expression to enable remnants of surviving 
epithelium to dedifferentiate, re-enter the cell cycle, replicate, 
repopulate the denuded tubule, and re different! ate into a 
functionally mature tubular epithelium. These events are 
orchestrated by mitogens (stimulate cell proliferation), moto- 
gens (stimulate cell mobility), and morphogens (induce 
changes in multicellular architecture) including insulin-like 
growth factor-1 (IGF-1), epidermal growth factor [EGF), 
transforming growth factor (TGF), platelet-derived growth 
factor (PDGF), fibroblast growth factor (FGF), nerve growth 
factor (NGF), hepatocyte growth factor (HGF), and vascular 
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enhanced vasoconstrictive forces. The vasoconstriction frenzy 
is further exacerbated by vascular endothelial dysfunction 
to cause decreased production and release of vasodilator sub¬ 
stances, including nitric oxide and prostaglandins. 

Cellular Biology of Intrinsic Acute Renal Failure 

Discovery of the cellular responses to ischemic and nephro¬ 
toxic inj uries have improved our understanding of the clinical 
course of ARF. An extensive discussion of these mechanisms 
is beyond the scope of this review but are summarized in 
Figure Z58-Z and reviewed in-depth elsewhere. 17 ' 43 ' 61 

Hypoxia secondary to poor perfusion of the outer medulla 
causes depletion of energy-dependent mechanisms within 
cells. Energy depletion alters cytosolic ionic concentrations 
(Na+, Ca++), loss of cellular polarity and vectorial cellular 
transport, disruption of tight junctions and the brush border 
membrane, and detachment of tubular cells from the base¬ 
ment membrane. In addition to these degenerative events, 
release of inflammatory cytokines (IL-1, TNF-), chemokines, 
heat shock proteins, nitric oxide, and reactive oxygen species 
induce a proinflamrnatory state that further compromises 
cellular oxygenation. Recognition of these hypoxic and 
inflammatory interactions provides opportunity for new 
thera peutic strategies to alter th e co urse of ARF. 

The kidney is exposed to high concentrations of endoge¬ 
nous and exogenous toxins, including drugs and their metabo¬ 
lites, This is intensified by regional hemodynamic, re absorptive, 
and concentrating processes. In contrast to NSAIDs and ACE 
inhibitors, which induce ischemic lesions through alterations 
in blood flow in the glomerulus and the interstitium, other 
nephrotoxins, like aminoglycosides and ethylene glycol, cause 
direct epithelial injury and cellular damage (see discussion of 
cause ARF) 15 - 19 


endothelial growth factor (VEGF), 50 These same repair fac¬ 
tors may also contribute to fibrosis and other deleterious 
aspects of the pathogenesis and progression of renal damage. 
The recovery phase may last from weeks to months. With 
renal repair, some animals recover adequate or even normal 
renal function after weeks or even months of anuria that fol¬ 
lows a severe renal injury like ethylene glycol intoxication. 

Outflow Obstruction 

Acute urinary outflow obstruction transmits increased hydro¬ 
static pressure to the renal pelvis, the tubular system, and 
Bowman space. Within glomerular capillaries, the ultrafiltra¬ 
tion pressure is dissipated, causing a progressive decline in 
GFR. The heightened pressure in Bowman capsule and tubu¬ 
lar lumen is counterbalanced by ongoing sodium and water 
reabsorption along the nephron, but this compensation is 
inadequate to prevent filtration failure. Renal blood flow is 
progress! ve ly altered with initial increases and subsequent 
decreases due to local vasodilation and increased interstitial 
hydrostatic pressure, respectively. 

Pathogenesis of Acute Renal Failure 

Four functional and pathologic alterations have been shown to 
participate to variable degrees in the initiation, extension, and 
maintenance phases of ARF on the basis of animal models of 
ischemic and nephrotoxic ARF: (] « reduction of the glomeru¬ 
lar capillary ultrafiltration coefficient (Kf) and permeability, 

(2) intratubular obstruction, (3} back leak of filtrate across 
disrupted tubular epithelium, and (4] intrarenal vasoconstric¬ 
tion and renal medullary hypoxia. 45 - 49 - 51 

Decreased ultrafiltration coefficient (Kf) reduces GFR by 
either a decrease in hydraulic conductivity or effective surface 
area of glomerular capillaries. Transmission and scanning elec¬ 
tron microscopy in animal models of ARF demonstrated both 
loss and fusion of normal foot processes and marked disrup¬ 
tion of podocyte architecture, 52 Vasoconstriction initiated by 
angiotensin II and other vasoactive agents or contraction of the 
mesangium by ischemia, toxins, thromboxane A z , endothelin, 
and platelet activating factor alter Kf by reducing effective 
glomerular surface area. It is likely that conductivity and sur¬ 
face area are affected by both ischemic and toxic insults. 52 ’ 54 

Intratubular obstruction occurs when tubular casts pro¬ 
duced by desquamated epithelial cells or cellular debris com¬ 
bine with intratubular proteins, 55 - 56 Tubular obstruction can 
also occur by precipitation of filtered heme pigments, crystal 
deposition (calcium oxalate, sulfonamides), or by extratubular 
compression (interstitial edema, inflammation). The impedi¬ 
ment to tubular fluid flow increases intratubular hydrostatic 
pressure, decreases net ultra filtration pressure, and halts single 
nephron glomerular filtration. 

Back leak of tubular fluid across the disrupted epithelium 
further decreases urine formation and consequently the 

apparent ultrafiltration rate. 57 - 58 

Intrarenal vasoconstriction is a common participant in the 
pathogenesis of either hemodynamic or nephrotoxic injury. 
The resulting decrease in renal blood flow is transient and may 
occur in either the initiation or the extension phases. At the 
same time renal blood flow will be redirected preferentially to 
the cortex to maximize GFR and solute reabsorption at the 
expense of perfusion to the outer medulla. The redistribution 
creates profound hypoxia at the site of this oxygen-demanding 
segment. 3 - 51 - 59 - 60 Vasoconstriction is induced by altered regu¬ 
lation of competing dilatory and constrictive vasoactive 

processes that regulate and balance vascular resistance. 
Up-regulation of the renin-angiotensin system, impairment of 
renal autoregul atory capacity, enhanced adrenergic activity, 
and systemic or local release of vasoactive agents (throm¬ 
boxane A2, leukotrienes C4 and D4, endothelin-1, adenosine, 
and endothelium-derived prostaglandin E z ) promote 


CLINICAL CONSEQUENCES OF ACUTE UREMI A 


The clinical consequences of acute uremia are the collective 
result of the excretory (water, potassium, phosphorus, nitroge¬ 
nous waste products, medications), regulatory (fluid volume, 
electrolytes, acid-base, divalent cations, blood pressure), and 
endocrine (calcitriol and parathyroid hormone [PTH], ery¬ 
thropoietin) failure of the kidney The clinical manifestations 
of acute uremia are the result of the multisystemic basis of the 
syndrome. Recent observations in dogs indicate that usually 
four or more organ systems are affected at presentation and in 
early stages of management. Ranking of organ system involve¬ 
ment (in percent of uremic dogs) revealed the following: gas¬ 
trointestinal (GI) (93%), cardiovascular (80%), respiratory 
(52%), hematologic (40%), and neurologic (36%), 62 The 

multisystemic features of uremia per se become interspersed 
with the discrete symptomatology induced by the underlying 
cause, concurrent diseases, and therapy. An awareness and 
understanding of these collective manifestations of uremia is 
necessary to properly direct the therapeutic approach. 

Disorders of Fluid Balance 

At initial examination most animals are hypovolemic and 
dehydrated due to GI fluid losses, hemorrhage, and inade¬ 
quate fluid intake. Dehydration at this stage of disease fosters 
renal hypoperfusion and leads to a prerenal azotemia. 
Extended hypovolemia promotes further impairment of renal 
perfusion, worsens the azotemia, and predisposes the kidneys 
to additional ischemia injury. Over aggressive fluid therapy 
predictably leads to hypervolemia and over hydration, causing 
peripheral and pulmonary edema, pleural effusion, systemic 
hypertension, and CHE In dogs referred for severe ARF, 
nearly 70% were overhydrated when they arrived at the 
authors' hospital, some in excess of 25% of their body weight. 
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Metabolic acidosis is a predictable feature of acute uremia 
due to the impaired add excretion, decreased bicarbonate 
reabsorption, and decreased ammonia generation. Metabolic aci- 
dosis is worsened by additional add loads generated by the 
underlying disorder (ethylene glycol, salicylate intoxication), 
decreased perfusion (lactic acidosis), hypercatabolism, and con¬ 
current diseases (diabetic ketoacidosis). These abnormalities are 
attended by an increased anion gap, decreased serum bicarbonate, 
acidemia, and hyperkalemia. Severe metabolic acidosis pro¬ 
duces tachypnea, Kussmaul's respiration, decreased cardiac 
contractility, cardiac arrhythmias, hypotension, and pulmonary 
congestion. 67 Neurologic sequelae include depression, lethargy, 
stupor, or coma due to impaired volume regulation in die 
brain. 60 Metabolic acidosis induces insulin resistance and 
increases protein catabolism, which further contributes to the 
azotemia and muscle wasting. 69 

Dehydration, intractable vomiting, or sodium bicarbonate 
therapy will occasionally cause metabolic alkalosis. Mixed 
acid-base disturbances are common in animals with impaired 
ventilation (pulmonary edema or hemorrhage, pleural effu¬ 
sion, pneumonia) or hyperventilation (pain, pulmonary 
th romboembolism). 

Uremic Intoxications 

Acute filtration failure causes the rapid accumulation of a 
spectrum of low (< 500 D) and middle molecular weight (500 
to 15,000 D) uremia toxins. Collectively, uremia toxins con* 
tribute to the multisystemic features of acute uremia in direct 
proportion to their accumulation in the body. Conversion of 
urea to ammonia, decreased mucus production, hyper- 
gastrinemia, and central effects of uremia toxins contribute 
collectively to the GI manifestations. The Cl signs include 
anorexia, nausea, vomiting, fetid breath, stomatitis, oral ulcer* 
ations, lingual necrosis, xerostomia, reflux esophagitis, 
gastritis, GI ulcers, hematemesis, Gl bleeding, diarrhea, ente¬ 
rocolitis, intussusception, and ileus, 70 As a subcomponent of 
the collective GI involvement, as many as 10% of dogs with 
severe ARF develop acute pancreatitis, 11 ^ 

Toxin-induced bleeding tendencies are promoted by 
impaired platelet*vessel wall and platelet-platelet interactions. 
Purpura, petechia, ecchymosis, bruising, bleeding from gum 
margins and venipuncture sites, epistaxis, and GI blood loss 
are characteristic. GI bleeding contributes to anemia and on 
occasion causes acute blood loss. In addition, uremia toxins 
cause or contribute to hypothermia, uremic pneumonitis, 
carbohydrate intolerance, and impaired immunity. 

Cardiovascular Complications 

Volume overload, cardiomegaly, heart failure, cardiac arrhyth¬ 
mias, and hypertension are common cardiovascular compli¬ 
cations. Less commonly pericarditis, pericardial effusion, and 
tamponade may occur. 71 Bradycardia, supraventricular and 
ventricular premature contractions, and paroxysmal ventricu¬ 
lar tachycardia are expected arrhythmias with severe uremia. 
Approximately 80% of the dogs with severe acute uremia 
have systemic hypertension. The severity' of the hypertension 
is variably volume dependent and could be exacerbated by 
fluid therapy. If unresolved it may cause retinal detachment, 
hyphema, retinal hemorrhage, encephalopathy, and cere¬ 
brovascular hemorrhage. 72 73 

Uremic animals are at risk for cardiac arrest due to severe 
hyperkalemia and the collective metabolic, acid-base, and elec¬ 
trolyte disturbances associated with acute uremia. Bradycardia 
and vomiting pose additional risks for cardiac arrest secondary 
to increased vagal tone associated with the gastroenteritis. 

Pulmonary Complications 

Respiratory disease is seen in approximately half of dogs with 
severe uremia, is frequently life threatening, and is often 


Serial measurements of body weight and critical assessment 
of hydration at presentation and at regular intervals during 
therapy are essential to avoid this iatrogenic complication. 

Inadequate Urine Production 

Oliguria or anuria is both a hallmark and a critical feature 
of acut uremia. Whereas anuria constitutes essentially no 
urine production, no consensus exists on the exact definition 
of oliguria. Urine production less than 0.27 mL/kg/hr, 63 less 
than 0.48 mL/kg/hr 64 65 and less than 1 to 2 mL/kg/hr 66 have 

all been described. The authors interpret urine production less 
than 1 mL/kg/hr in a re hydrated, euvolemic, or hypervolemic 
dog or '’at on intravenous fluids or receiving diuretics as 
patholc t cally oliguric. The concept of pathologic oliguria 
seems justified by the fact that animals with normal renal 
function would be expected to produce more than the lower 
limit of normal urine output under similar clinical conditions. 
Pathologic oliguria should be differentiated from physiologi¬ 
cally appropriate oliguric states associated with prerenal dis¬ 
orders that are responsive to fluid administration. 

Approximately one third of dogs with severe ARF are 
an uric, one third are oliguric, and one third are nonoliguric. 
Severe renal injuries associated with nephrotoxins have a 
higher incidence of anuria. Solute retention, overhydration, 
hyperkalemia, and metabolic acidosis are exacerbated in 
oligoanuric animals compared with those with nonoliguric 
disease. Persistent oligoanuria prevents administration of 
essentia] therapies associated with large fluid volumes (enteral 
and parenteral medications, blood products, and nutrition). 
The conversion from an oliguric to a nonoliguric state may 
facilitate delivery of these therapies without concurrent 
improvement in GFR. 

Electrolyte and Acid-Base Disturbances 

Impaired excretory function of the diseased kidney leads to an 
array of electrolyte and acid-base disturbances. The most 
prominent disturbance is hyperkalemia, which can be further 
aggravated by inappropriate potassium administration in 
enteral or parenteral fluids and by metabolic acidosis. 
Hyperkalemia decreases the transmembrane potassium gradi¬ 
ent, depolarizes cell membranes, and impairs excitation and 
conduction. When expressed at the sinus node and on 
myocardial cells, these perturbations cause classic electrocar¬ 
diographic abnormalities associated with the severity of 
hyperkalemia. The cardiac effects lead progressively to brady¬ 
cardia, atrial standstill, and cardiac arrest as the hyperkalemia 
worsens. These same electrophysiologic disturbances affecting 
skeletal muscle, smooth muscle, and peripheral nerves can 
cause profound weakness, flaccid paralysis, respiratory failure, 
GI hypomotility, and hyporeflexia. Hyperkalemia is a leading 
cause of death, failure of conventional therapies, and a specific 
indication for dialysis. 

Abnormalities in serum sodium are frequently iatrogenic 
and induced by inappropriate fluid therapy and excessive use 
of sodium bicarbonate. Hyponatremia is an indication of 
excessive free water administration associated with hypona- 
tric solutions (5% dextrose, TPN, or enteral formulations]. 
Transient dilutioual hyponatremia is seen after the adminis¬ 
tration of mannitol, hypertonic dextrose, or synthetic colloid 
solutions as free water shifts from the intracellular to the 
extracellular space. It may also be recognized with excessive 
losses of sodium associated with vomiting, pancreatitis, 
adrenal insufficiency, or diuretic administration. 

Hypernatremia may be documented at initial examination 
and indicates excessive free water loss. In hospitalized animals, 
it is a common complication of isonatric crystalloid adminis¬ 
tration for maintenance fluid requirements. Hypernatremia is 
a complication of excessive administration of hypertonic 
saline or sodium bicarbonate. 


62 
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Figure 258-2 Cellular events i 


renal tubular epithelia in response to an ischemic insult. 

The diagram illustrates the muitifactoriaj interactions that result ultimately in sublethal cellular 
dysfunction or cell death. 


in 


refractory to conventional therapy. In order of frequency, 
pulmonary edema, pleural effusion, pneumonia, pulmonary 
hemorrhage, uremic pneumonitis, and pulmonary artery 
thromboembolism have been documented. Interstitial 
alveolar edema and pleural effusion develop from excessive 
fluid administration and volume overload. The signs of fluid 
overload must be distinguished from those of CHF before 
appropriate therapy can be instituted. Aspiration pneumonia is 
a common sequelae to protracted vomiting. Severe generalized 
patchy interstitial to alveolar pulmonary infiltrates and 
ated pulmonary dysfunction is recognized in some dogs with 


leptospirosis, 74 Respiratory arrest may complicate all these 
respiratory disorders. 75 


Neuromuscular Disorders 

The underlying cause for neuromuscular dysfunction is mul¬ 
tifactorial but includes intrinsic central nervous system (CMS) 
pathology (cerebral hemorrhage) and secondary manifesta¬ 
tions of the uremic state (electrolyte and acid-base imbal¬ 
ances, hypertension). Resulting clinical signs are diverse 
and include fatigue, dullness, lethargy, impaired mentation, 
altered behavior, confusion, stupor, tremors, seizures, coma, 


or 


assoa- 
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necrosis of the tongue, 


cutaneous bruising, discoloration or 

tachycardia or bradycardia, tachypnea, muscle fasciculateons, 
and seizures are present in proportion to the severity and 
duration of the azotemia. Bilaterally enlarged, firm, slightly 
resilient, or painful kidneys noted on abdominal palpation is 
indicative of acute nephritis or nephrosis or bilateral ureteral 
obstruction. Enlarged and firm kidneys on palpation are more 
suggestive of renal neoplasia, amyloidosis, or polycystic kidney 
disease. Asymmetry in kidney size is being recognized 
frequency in cats with acute uremia due to the increasing 
incidence of unilateral ureteral obstruction (Figure 258-3). 
The obstructed kidney is enlarged, and the contralaterally 
smaller kidney is frequently end-stage and nonfunctional. The 
size of the urinary bladder is variable on abdominal palpation, 
depending on the quantity of urine formation and the 
Integrity of the outflow tract. An undetectable urinary bladder 
indicates profound oliguria or anuria or complete ureteral 
obstruction. An enlarged, firm, and painful bladder predicts 

outflow obstruction of the bladder. 

In the absence of hemorrhage or hemolysis, mucous mem¬ 
branes are usually pink in dogs and cats with ARF. This is in 
contrast to the pale mucous membranes observed in animals 
with CRF, Most animals with ARF have evidence of dehydra¬ 
tion when first evaluated, which may underscore prerenal 

contributions, Prolonged capillary refill time, dry 

membranes, decreased skin turgor, sunken eyes, 

are consis- 


peripheral neuropathies, myoclonus, muscular cramps, and 
muscular weakness. Ethylene glycol toxicosis 
specific CNS dysfunction before the onset of or in concert 
with the development of overt renal failure* Rapid correc¬ 
tion of the azotemia with hemodialysis can induce osmotic 
shifts of water in the brain, resulting in cerebral edema, 
seizure, cerebellar and brain stem herniation, coma, and 


causes 


death. 


CNS side effects are associated with some medications 
(H z blockers, metociopramide) when administered at conven¬ 
tional doses to animals with reduced capacity to eliminate 
such drugs. Animals with acute renal swelling display pain on 
abdominal palpation due to distension of the renal capsule. 
Prostration, dullness, or aggressive behaviors are typical mani¬ 
festations of renal pain, especially in cats. 


more 


DIAGNOSIS OF ACUTE UREMIA 


The clinical signs of acute uremia vary with the underlying 

and severity of disease, previously administered therapy, 

compounding renal 


cause 

and comorbid diseases predisposing or 
injury. A rapid and accurate differentiation of the possible 
syndromes resulting in acute uremia must be made to direct 
the therapeutic approach. These possible syndromes are (1) 
prerenal azotemia, (2) prerenal azotemia complicating CRF, 
(3) acute (parenchymal) renal failure (ARF), (4) prerenal 
azotemia complicating ARF, (5) chronic end-stage renal fail- 

and (6) postrenal azotemia. Each of these disparate 
azotemic conditions may appear quite similar. Because 
specific biologic markers are available to predict the existence, 
severity, or recovery of renal parenchymal injury, the diagnosis 
of acute uremia is established from a comprehensive data 
base (which includes history, physical examination, labora¬ 
tory testing, diagnostic imaging, histopathology, and special 

testing), 


causes or 
mucous i 

tachycardia, poor pulse quality, and hypotension 
tent with the presence of dehydration and hypovolemia. 
Animals that have been given parenteral fluids may demon¬ 
strate signs of overhydration {wet mucous membranes, serous 
nasal discharge, increased skin turgor, peripheral edema, 
tachypnea, dyspnea, muffled heart sounds, hypertension, and 

ascites). 

ARF is frequently layered secondarily on other diseases or 
CRF. Manifestations of these other conditions may dom¬ 
inate findings of the physical examination and mask its char¬ 
acteristic features. Lameness, icterus, fever, discolored urine, 
back or flank pain, petechia, and dysuria are associated with 

disorders. Uremic animals typically are hypothermic in 
proportion to the severity of the azotemia. The presence of a 
normal or slightly elevated body temperature is inappropriate 
for uremic animals and is consistent with fever associated 
with an underlying infectious or inflammatory state. 


ure 
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History 

Acute uremia is characterized by a sudden onset of illness of 
less than 1 week's duration; however, animals with acute 
uremia secondary to underlying urinary or systemic diseases 

have a longer duration of documented illness, Historical 
include listlessness, depression, anorexia, vomiting, 


some 


may 
signs 

diarrhea, and weakness. Less commonly, seizures, syncope, 
ataxia, and dyspnea may be reported. Potential exposure to 
nephrotoxic chemicals or plants (lily, 21 grapes or raisins 22 - 23 ), 

environmental conditions, ill animat, or traumatic events 
should be ascertained in the history. Recent surgery, diagnos¬ 
tic testing, travel, newly prescribed medications, or blood loss 
potential risk factors for renal injury. Oliguria or anuria are 
consistent features of acute uremia, but a history of normal or 
increased urine production does not exclude its consideration* 
Historical weight loss, polyuria, polydipsia, nocturia or isos¬ 
thenuria, or laboratory evidence of pre-existing renal insuffi¬ 
ciency suggests underlying chronic renal disease. Renal 
function in animals with asymptomatic chronic renal insuffi¬ 
ciency may decompensate suddenly after subtle insults 
including, fever, concomitant disease, vomiting, diarrhea, 
CHF, and drug administration, and they may develop a uremic 

crisis that is seemingly acute. 


Laboratory Assessment 

The initial diagnostic assessment should include a complete 
blood count (CBC), comprehensive biochemical profile (serum 
creatinine, urea, phosphate, calcium, bicarbonate, sodium, 
potassium, chloride, glucose, albumin, globulin, hepatic 

and bilirubin) (Figure 258-4), urinalysis with 


new 


transaminases, 
sediment examination, and urine culture. 

CBC results may reflect primary or comorbid conditions of 
diagnostic relevance. Normal or increased red blood cell 
(RBC) count, hematocrit, and hemoglobin concentrations are 
consistent with prerenal azotemia or acute uremia, whereas a 
nonregenerative anemia suggests CRF. The hemogram may be 
significantly influenced by the hydration status of the animal 
and may overestimate the actual RBC mass with dehydration 
and underestimate red cell mass with over hydration. 

Progressive azotemia is part of the definition for acute 
uremia (Figure 258-4). In humans, the diagnosis is predicated 
on subtle daily increases in serum creatinine, but this feature 
is observed rarely in animals. Animals are usually evaluated 
when the azotemia is well established, and clinical signs are 
clearly apparent. Both serum creatinine and urea nitrogen will 
increase in direct proportion to the severity of the renal 
impairment or completeness of the outflow obstruction. The 
degree of functional impairment can be broadly categorized 


are 


Physical Examination 

Physical examination is an essential component of the diag¬ 
nostic approach and may define the location and cause of the 
uremic state. Due to the acute nature of this condition, most 
animals in ARF have good body and coat condition. They have 
variable degrees of hydration. Depression, hypothermia, oral 
ulceration, "uremic breath,” bile-stained fur, scleral injection, 
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of the uremic state. Urea is also used as a surrogate for the 
production and removal of low molecular weight uremia 
toxins during dialysis. 77 

For comparable azotemia, animals with acute uremia 
usually have more profound alterations of serum mineral 
electrolytes, and bicarbonate concentrations reflected on the 
biochemistry profile than animals with CRF (see Figure 258-4), 
In acute uremia, serum phosphate concentration generally 
exceeds that of creatinine and may be associated with mild to 
moderate hypocalcemia. Scrum calcium concentration may 
be less than 5.0 mg/dL in animals with acute antifreeze intox¬ 
ication. In contrast, serum calcium is usually normal or mod¬ 
erately elevated in proportion to serum creatinine and 

phosphate in animals with CRF. 7g - 7y Serum potassium con¬ 
centration varies with the severity and cause of the uremia, 
extent of vomiting, and fluid and diuretic administration (see 
Figure 258-4). Serum potassium typically is increased 
[between 5,5 mEq/L and 9.0 mEq/L) in proportion to the 
degree of azotemia. It tends to be higher in animals with 
an uric ARF or urinary outflow obstruction. Serum bicarbon¬ 
ate concentration decreases with the severity of the renal 
failure such that bicarbonate deficits of 5, 10, and 15 mmoI/L 
are associated with mild, moderate, and severe degrees of 
acute uremia, respectively. 00 Profuse vomiting or previous 
bicarbonate administration may cause metabolic alkalosis that 
is not consistent for the degree of a 20 temia. 

Distinguishing animals with prerenal azotemia from those 
with intrinsic ARF can often be made from results of history 
clinical findings, and USG. The presence of mild or moderate 
azotemia, clinical dehydration, hypovolemia or hypotension, 
and oliguria in conjunction with a concentrated USG or urine 
osmolality confirms the diagnosis of prerenal azotemia. 
Therapeutic confirmation of the diagnosis can be made by a 
rapid resolution of the azotemia and oliguria with restoration 
of fluid balance and normalization of systemic hemodynamics. 
Numerous laboratory parameters including BUN/creatinine 
ratio, urine/plasma sodium (U/PnJ, and fractional sodium 
excretion (FE Na ) have also been used to distinguish oliguric 
animals with a prerenal condition from those with ARF. The 
discrimination is achieved by the increased reabsorption 
of urea and sodium in prerenal states compared with ARE 
The utility of these tests becomes problematic in animals 
with coexisting diseases that impair concentration of the urine 
or after diuretic administration that increases urinary sodium 
excretion. Additionally BUN/creatinine ratio has been 
shown to provide no localizing value in dogs with renal dis¬ 
ease but may be more predictive of heightened catabolism or 




-w 




j 




I s 


r 




7\ 




* 






pLV) 


fc* -: r v 51 






V 


■- 


■ ' 


y - 


y. 




■: 


■ 




? v„. 








•j’ • 






■M 


ism 








4‘ 




■: 




C 


■ * 


m* 






m 


sa i 








•I 


i ■ 


n 


^V 1 




m 


am 


vl: 


• m 


I-.:": 






14 








■v 






a 


% "• 






■ ■ 




W ■ 


• ■ ». 


3 


m 




« : 








mM 


^£T* 








ac 




i.V* 


I 




-K-r 


-2 








I, 


-• 4 


ZSSSS& 


m 




j 


■■ 










* ■ 




.■y 


i- 


«v* v -.' \-. 












ft 










4 


i 






- I 




r= 


V. 


■ * 


m 








RS8k?4? 








™vwT 


m ■ % 


Iff' 

7 ' U 

y\ 




m 




% 








■tv 






y 




V, 


■Sg&frc T 


i 


V 






“■ 




_•* - ■ - Vr i 

«• • x-’ • 






it 


1+, 




wmgS- 


■ ' 




I 


■- 


Jaeai i 


4. 






Si? 






£A> 








■M 












V. 








PI 




b 




p "C* 


u 


■ * 


















V 




Figure 258-3 Lateral radiographic image of a cat abdomen 
illustrating extreme asymmetry in renal size characteristic of the 
big kidney-little kidney" syndrome associated with ureteral 
obstruction, Hie right end-stage kidney (black arrow) is superim¬ 
posed on the enlarged left kidney. The dashed box and insert 
highlight a radiodensc calcium oxalate urolith in the left ureter 
(white arrow j. 


























based on steady-state serum creatinine concentration given 
the inverse relationship between serum creatinine and renal 
function (GFR), 
can be staged as mild in animals with a serum creatinine con¬ 
centration leSvS than 2.5 mg/dL (>40% of normal function), 
moderate for those with a serum creatinine concentration 
between 2,5 mg/dL and 5.0 mg/dL (between 40% and 20% of 

normal function), severe for those with a serum creatinine 
concentration between 5 mg/dL and 10 mg/dL [between 20% 
and 10% of normal function), and extreme if the serum crea¬ 
tinine concentration is greater than 10 mg/dL (< 10% of normal 
function}. Reductions in lean body mass and overhydration can 
lower the serum creatinine concentration and cause overesti¬ 
mation of true renal function. 

Serum urea nitrogen [SUN) concentration also increases 
inversely with reductions in GFR and contributes to the 
developing azotemia. Unlike creatinine, urea is influenced by 
numerous extra renal parameters that make its concentration 
less specific as a marker of renal function. Urea appearance is 
closely linked with exogenous and endogenous nitrogen 
metabolism, hydration status, urine production, and diuretic 
therapy that make it a useful predictor of the clinical severity 






From this projection, the renal dysfunction 
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Figure 258-4 Incidence of serum biochemical 

changes in 138 dogs with severe ARF at the 
time of referral The proportions of dogs with 

abnormally high (above zero line) and abnor¬ 
mally low (below zero line) values are shown 
for the following parameters: creatinine [Crea], 
BUN, sodium (Na + ), potassium (K*), chloride 
(O’), total C0 2 {TCOJ, anion gap (AG), 
calcium (Ca), phosphorus (Phos), total protein 
(TP), albumin (Alb), globulins [Glob], and 
glucose (Glu), 
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to verify segmental blood flow in the kidney and to predict 
changes in vascular impedance associated with induction and 
resolution of some forms of renal injury and outflow obstruc¬ 
tion The sonographic appearance of the kidneys can pro¬ 
vide immediate verification for conditions like antifreeze 

ureteral obstruction, and end-stage renal disease. 


intestinal bleeding.*-* 1 More recently, the fractional excretion 
of urea (FE UT „) has been shown to be highly sensitive for 
identification of humans with prerenal azotemia from those 
with prerenal azotemia and concurrent diuretic administra¬ 
tion or others with intrinsic ARF (similar testing may be 
useful in animals},® 2 

The tubular epithelial enzymes, gamma-glutamyl 
transpeptidase- (GGT) and N - acetyl-b eta-D-gk cos ami nidase 
(NAG), can be measured in urine to predict cellular leakage 

eariy marker of tubular injury or necrosis/ 397 Urinary 
enzymes have shown good sensitivity for early recognition 
of renal injury, but they have not been adopted widely in 
veterinary or human diagnostics. Carbamylated hemoglobin is 
a nonenzymatic and nonreversible reaction product of the 

metabolite, cyan ate, with hemoglobin. The concentration 
of carbamylated hemoglobin reflects time exposure of blood 
to the azotemia and has been shown to differentiate dogs with 
acute azotemia from those with CRF. KBfSy Testing for car¬ 
bamylated hemoglobin is becoming more readily available in 
human hospitals and is likely to find increased utility 

uremic animals. 

A complete urinalysis should be performed on every dog 
cat with obtainable urine at initial examination prior to 
instituting therapy. Both renal concentrating and diluting 
capabilities become impaired in the early phases of intrinsic 
ARF resulting in a USG that is fixed in the range between 

LOOS and LOIS, A USG greater than 1.03.0 for dogs or 

greater than 1.035 for cats in the presence of azotemia 
indicates prerenal filtration failure, 90 A USG between 1.012 
and 1.029 (dogs) or 1,012 and LQ34 (cats) associated with 

azotemia is consistent with a prerenal component superim¬ 
posed on intrinsic renal insufficiency (prerenaion-acute or 
prerenal-on-chwnic disease) or an underlying urineconcentrating 
defect. Glucosuria in the absence of hyperglycemia is present 
50% of dogs with severe ARF and is an important sign of 
proximal tubular dysfunction. 62 It predicts tubular necrosis 
and is a useful discriminator between intrinsic ARF and other 
types of acute or chronic uremia. 11 Qualitative (dipstick) 
proteinuria is detected in most uremic animals but has little 
discriminatory importance. 31 Overt proteinuria associated 
with a urine protein/creatinine ratio greater than six should 
alert the possibility of primary glomerular injury. 

The urine sediment examination may demonstrate RBCs, 
white blood cells (WBCs), casts, crystals, yeast, fungi, or bac¬ 
teria that aid the differential diagnosis and cause of the uremia 
and should be performed routinely on freshly obtained urine. 
The presence of granular and hyaline casts document active 
renal pathology with tubular epithelial shedding or necrosis 
and glomerular protein leakage. Casts are detected in approx¬ 
imately 30% to 40% of dogs with ARF, but their absence does 

not exclude a diagnosis of acute parenchymal injury. 11 
Calcium oxalate crystalluria is indicative oi hyperoxaluria 
associated with ethylene glycol intoxication and oxalate 

nephrosis (cats)d 9 ^ 93 

Imaging of the urinary tract with survey radiography and 
ultrasonography is indicated in the evaluation of all animals 
with acute uremia. Ultrasonography is complementary to 
diagnostic radiography and is the preferred imaging modality 
for urinary disease. Ultrasonography is rapid, non invasive, and 
provides greater delineation of renal geometry, intra- 
renal architecture, parenchymal consistency, and outflow 
integrity. It prorides a more definitive assessment of renal and 
abdominal pathology, including nephritis and nephrosis, 
pyelonephritis, urolithiasis, hydronephrosis, outflow obstruc¬ 
tion, pancreatitis, abdominal neoplasia, prostatitis, and ascites. 
Ultrasonic imaging facilitates collection of diagnostic specimens 
for biochemical analysis, cytology, culture, and histology by 
incorporation of guided percutaneous needle aspiration 
biopsy techniques, 94 Duplex Doppler sonography can be used 


poisoning, 

Ethylene glycol intoxication, for example, is characterized by 
marked to intense increases in cortical echogenicity with vari¬ 
able degrees of hypoechoic intensity at the cortical medullary 
junction (halo sign) (Figure 258-5). However, the increased 

ail ability and utility of ultrasonography has curtailed the 
routine use of survey radiography to image the urinary tract. 
For the diagnosis of ureteral obstruction in cats, survey radio¬ 
graphs may be more sensitive and predictive than ultrasonog¬ 
raphy, if careful scrutiny is directed to barely perceptible 
radiodcnsiUes in the retroperitoneal space, and they are justi¬ 
fied in all cats with acute uremia (see Figure 258-3). 

Excretory urography, renal scintigraphy, computed tomog¬ 
raphy (CT), and magnetic resonance imaging (MR!) may have 
specific indications in selected animals, but these imaging 
modalities are not routinely available. Antegrade pyelography 
incorporating ultrasound-guided pyeloccntesis has become 
increasingly useful to confirm the presence, degree, and loca¬ 
tion of ureteral obstruction in cats (Figure 258-6)* In 20% to 

30% of cats with ureteral obstruction, no discrete calcific 
material is identified with either sonographic or survey radio- 
graphic techniques. For these circumstances, and for cases 
with multiple sites of obstruction or stenosis, antegrade 
pyelography remains the best aid for identification and local¬ 
ization for surgical intervention. 

The cause and course of the acute uremia can be deter¬ 
mined for most animals from assessment of the history, phys¬ 
ical findings, and contemporary diagnostic testing. Where 
these features cannot be predicted with certainty, renal 
histopathology can provide a specific morphologic and poten¬ 
tially causative basis for the disease, its potential reversibility, 
and chronicity. Details of the techniques, indications, and 
contraindications for renal biopsy have been described 
recently. 979 * Percutaneous or laparoscopic needle techniques 
can be performed in both dogs and cats with minimal seda¬ 
tion, anesthesia, or invasiveness and obviate the need for 
surgically obtained renal specimens. Routine biopsy of ani¬ 
mals with acute uremia is probably unjustified when balanced 
against the potential for complications and lack of scientifi¬ 
cally documented assessment of risk versus benefit* Renal 
biopsy should be considered if the definitive cause, extent, and 
chronicity of the renal injury cannot be established with non- 
invasive diagnostic methods or if therapeutic decisions would 
be predicated on this information. Discretion should he used 
in extrapolating acute morphologic findings from the biopsy 
the potential long-term reversibility of the functional defi¬ 
ciencies. The advent of hemodialysis has changed the clinical 
understanding of reversible and irreversible renal failure. 
Identification of severe pathology at acute stages of disease 
may not correspond to an unfavorable outcome if the 
potential (time) for renal repair is provided with finite periods 

of renal replacement. 

Serologic testing for leptospirosis should be performed 
all dogs with acute uremia without a confirmed cause. The 
evaluation should be expanded to include titers to L. potnona, 
L bmtislava , L. grippotyphosa f L. autumnalis, and L hard jo in 
addition to L. canicola and L. ictewhaetnorrhagiae, because the 
distribution of infecting serovars differ geographically/ Sira l 
criteria for serologic conformation of an active leptospira I 
infection have not been established, and the recent introduction 
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* Referencefs 32, 33. 37, 38, 99, 100. 
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Figure 258-5 Ultrasonographic image of the kidney from a dog 
acutely poisoned with antifreeze. The renal cortex is markedly 
hyperechoic, compared with the ultrasonic density of the adja¬ 
cent spleen. This sonographic feature is a consistent finding with 
ethylene glycol intoxication. 


Figure 258-6 Nephropyelogram of a cat kidney with a proxi¬ 
mal ureteral obstruction. The figure highlights the ultrasound- 
placed needle in the renal pelvis and the extensive pelvic and 
ureteral dilation outlined by the injected contrast. The proximal 
ureter is dilated, torturous, and ends abruptly (arrow), despite 
the increased pressure associated with contrast injection. These 
findings are consistent with a radiolucent structure producing 
complete ureteral obstruction. 


of multivalent vaccines makes interpretation more difficult, 
A microscopic agglutination titer greater than 1:100 indicates 
positive serology, and a fourfold or greater rise in titer 
between paired sera separated by 7 to 14 days predicts active 
infection, 1011 " 5 Ambiguity in the diagnosis arises when only a 
single titer is available for analysis. Previous retrospective 
studies arbitrarily established single titers of greater than 
1:800 and greater than 1:3200 to nonvaccinal serovars as cri¬ 
teria for a positive diagnosis of leptospirosis in dogs. 33 - 34 36 
However, laboratory variation, differences in humoral 
responses to individual serogroups, vaccination, and back¬ 
ground (asymptomatic) exposure make strict serologic crite¬ 
ria difficult to assign. Vaccination can produce titers greater 
than 1:1250 to serogroups, iaerokaemarrhagiae and canicokt r 
in dogs; however, vaccination should not produce titers to 
nonvaccinal serovars that exceed those of vaccinal agents. 103 
A recent survey of nonselected dogs identified a surprisingly 
high percentage of nonvaccinated dogs with positive serology 
to leptospirosis serogroups indicating background population 
exposure. 3 ^ Shedding of leptospiral DNA has also been recog¬ 
nized using a sensitive polymerase chain reaction (PCR) assay 
in both asymptomatic and symptomatic seronegative dogs. 
These observations suggest some dogs have delayed 
version or fail to seroconvert despite being actively infected. 
This sensitive diagnostic technique will improve clinicians' 
ability to diagnose active infections and understanding of 
renal carriage, shedding, and risks of leptospirosis in the 
presence and absence of vaccination. Given the limitations of 
current diagnostic methods, clinical guidelines for a diagnosis 
of active infection include a single elevated titer (> 1:800) to 
a vaccinal serogroup accompanied by clinical signs consistent 
with leptospirosis; a single microscopic agglutination titer 
1:800 for nonvaccinal serogroups; evidence of seroconversion 
in paired acute and convalescent sera; and presence of typical 
clinical signs of leptospirosis followed by a response to appro¬ 
priate antimicrobial therapy. 32 

A diagnosis of ethylene glycol intoxication can be made 
presumptively by the presence of an increased serum osmo¬ 
lality, osmolal gap, profound metabolic acidosis, increased 
anion gap, hypocalcemia, the presence of calcium oxalate 
crystalluria, and sonographic appearance of the kidneys (see 


Figure 258-5). 19 91 Confirmation of the diagnosis, documen¬ 
tation of the degree of intoxication, and response to therapy i 
best performed by chemical analysis of gastric fluid, serum, or 
urine for the presence of ethylene glycol or its toxic metabo¬ 
lites by commercial laboratories. Blood ethylene glycol and 
glycolic acid concentrations may persist for days at toxic 
centrations despite therapy with alcohol or 4-methylpyrazole 
in affected animals with severe oliguria or anuria, 104 ' 105 
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MEDICAl MANAGEMENT Of ACUTE UREMIA 


Medical management of acute uremia in animals remains 
founded on observations from animal models of ARF and 
recommendations extrapolated from human therapeutics. 4106 - 108 
Recommendations are prioritized to prevention of renal 
injury in predisposed or high-risk animals, to elimination of 
underlying or ongoing renal insults, and to amelioration of 
identified biochemical, metabolic and clinical 


]fW 
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consequences 

of established uremia. The mechanisms underlying the impaired 
glomerular hemodynamics, epithelial and vascular disruption, 
and intratubular obstruction that mediate acute renal injury' 
have been characterized in great detail in recent years (see 
Pathogenesis of Acute Renal Failure), Cellular energetics, 
vascular congestion, cytosolic calcium, oxidant stress, necrosis, 
apoptosis, nitric oxide, epithelial cytoskeleton, and growth 
promoters are but a few mediators recently recognized to 
participate in the pathogenesis of ARE Novel therapies have 
emerged from each of these areas of discovery to counteract 
specific pathophysiologic events scientifically crafted in the 
experimental models. Despite the therapeutic promise of 
each of these areas of investigation to prevent or ameliorate 
development of ARF or to accelerate renal repair, none have 
become established in clinical therapeutics. This is to be 
expected in animals with naturally acquired disease that 
possess multifactorial risks and predispositions to acute 
uremia of diverse cause, severity, duration, and expression. 
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Thus conventional approaches to management of acute 
uremia remain supportive for the predicted and documented 
clinical consequences that develop. 

Prevention of Acute Renal Injury 

The highest priority for the management of acute uremia is to 
recognize those dogs or cats highly predisposed to a uremic 
crisis and to intervene to prevent its development. Pre-existing 
renal disease, advanced age, dehydration, hypovolemia, 
hypotension, sepsis, fever, prolonged anesthesia and surgery, 
trauma, systemic disease, use of vasoactive or nephrotoxic 
drugs, high environmental temperatures, and nephrolithiasis 
are predispositions that pose an increased risk. 109 Risk factors 
are cumulative and predispose additive potential for renal 
injury. When predispositions coexist with ongoing or projected 
therapies having a potential for renal injury, the following 
procedures should be reviewed. Exposure to ischemia and 
toxic insults should be eliminated, and the dose of nephro¬ 
toxic drugs should be modified. Hemodynamic adequacy 
must be established, and life-threatening fluid, electrolyte, and 
acid-base imbalances corrected. Decontamination procedures 
(induced vomiting, gastric lavage, administration of activated 
charcoal, and cathartics) and treatment with specific antidotes 
should be instituted after acute exposure to known nephro- 
toxins. Table 258-1 illustrates these points in the therapeutic 
approach to acute antifreeze poisoning. The correction of 
existing fluid deficits and attention to ongoing fluid balance 
offers the best insurance to moderate ATL Mild to moderate 
ECF volume expansion with isonatric fluids is beneficial 
before the administration of known nephrotoxic drugs 
[aminoglycosides, cisplatin, amphotericin B), anesthesia, or 
surgical intervention. Mannitol administered (see details, 
following) prior to exposure to hemodynamic or nephrotoxic 
insults will promote urine formation and a natriuresis but has 
shown only limited efficacy to protect against the develop¬ 
ment of ATL The preventative use of other therapies has 
consistently failed to provide any advantage over judicious 
fluid management. 4 - 110 - 113 

Conventional Management of Established Uremia 

Strategy for the management of existing ARF includes elimi¬ 
nation of known causes of renal injury (see Prevention of 
Acute Renal Injury) and supportive therapies directed to the 
life-threatening consequences of acute uremia. Systemic 
infections such as leptospirosis should be treated aggressively 
with appropriate antimicrobial therapy, and hemodynamic 
deficiencies must be resolved rapidly to establish euvoiemia 
and normotension. Animals with mild renal damage may 
regain adequate function within 3 to 5 days of initiating treat¬ 
ment. This may forestall progression to life-threatening 
uremia. Animals with moderate or severe renal damage may 
require weeks to achieve repair of the injury; yet most die 
from uremia within 5 to 7 days. The disparity between this 
window for effective medical therapy and the re-establishment 
of renal function underlays, in part, the high mortality and 
unfavorable outcome associated with ARF. 

Systemic Hemodynamics and Body Fluids 

Alterations in body fluid composition are classic causes and 
consequences of acute uremia. Fluid therapy remains the foun¬ 
dation of medical management. The fluid plan must restore 
deficiencies in fluid volume, correct abnormalities in fluid 
composition, and promote urine formation. Replacement 
fluids should mimic as closely as possible the composition of 
fluid deficits. Priority is given to restoration of intravascular and 
interstitial volume, normalization of arterial blood pressure 
and renal perfusion, and compensation for ongoing fluid losses. 
At initial examination most animals with ARF are dehydrated 
and hypovolemic due to active fluid losses (vomiting, diarrhea. 


Table 


Therapeutic Approach to Acute Antifreeze Poisoning 


THERAPEUTIC OPTIONS 


THERAPEUTIC PLAN 


L Induce vomiting 
2* Perform gastric lavage 
3. Administer activated charcoal 

1. Correct ECF volume deficits 
(saline, lactated Ringer's) 

2. Correct metabolic acidosis 
(if present) 

3. Correct hypocalcemia 

if present) 

4. Initiate maintenance fluids/ 

ongoing losses 

Document urine production/ 1. Establish urinary catheter, 

monitor urine output 
2. Administer mannitol, 
furosemide* or both after 
rehydration 

1. Ethanol (20%): 5.5 mL/kg IV 
q4h-5 Rx, then 
(dogs/cats) 5.5 mL/kg IV 
q6h-4 Rx 


Prevent ongoing exposure 
(< 2 hours) 


Correct ECF fluid deficits 


Correct dehydration 


promote diuresis 


Administer antidote 


or 


2. Ethanol (30%): 13 mt/kg IV 
bolus, then 

(dogs/cats) 0*42 mL/kg/hr IV 
for 48 hours 
3.4-methyl pyrazole: 

20m g/kg IV, the n 
(dogs) 15 mg/kg IV @ 12 & 
24 hours, then 
5 mg/kg IV @ 36 hours 
4. Hemodialysis at earliest 
opportunity 
(dogs/cats) 

1. Conventional medical therapy 

2. Hemodialysis 


Eli m inote tox i n/m eta bo! ites 








Manage ARF/oliguria 


and possibly hemorrhage). The fluid deficit should be cor¬ 
rected with 0.9% sodium chloride or balanced crystalloid solu¬ 
tions (lactated Ringer's) administered intravenously to replete 
vascular volume* The initial replacement volume (milliliter) 
to correct the extracellular deficit is calculated from clinical 
estimates of dehydration according to the formula; 

Volume Replacement (mL) 

= [body weight (kg)] x [estimated deficit (%)] x 1000 

The estimated deficit is a value between 5% and 15% deter¬ 
mined from history, physical examination, and laboratory 
information or computed from known deviations from histor¬ 
ical body weight. The rate at which the deficits are corrected 
is predicated on the hemodynamic stability of the animal and 
its tolerance for fluid administration. Mild or moderate fluid 
deficits (5% to 8%) in hemodynamically stable animals can be 
replaced within 6 to 8 hours. Moderate or severe fluid deficits 
(>8%) associated with evidence of hypovolemia must be 
corrected more aggressively. The hypovolemic component of 
the deficit should he administered as bolus infusions within 
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30 minutes to restore intravascular volume and prevent 
prolonged hypoperfusion of kidneys. The remainder of the 
deficit can then be delivered over 6 to 8 hours to correct the 
dehydration. 

Aggressive fluid replacement must be tempered in animals 
with cardiovascular disease to prevent circulatory congestion 
and heart failure. Serial monitoring of central venous pressure 
(CVP) can facilitate safe and efficient fluid administration. 
An increase in CVP of 5 to 7 cm H^O above baseline 
absolute CVP greater than 10 cm H^O indicates an excessive 
rate or volume of fluid administration. Five percent dextrose 
in water or maintenance formulations f including half-strength 
saline and dextrose solutions) are not appropriate choices 
to replete the initial deficits and should be reserved to 
compensate insensible or maintenance losses later in the 
course of treatment. 

Fluid deficits associated with profound hypovolemia and 
hypotension or severe blood loss must be replaced 
rapidly with crystalloid solution (up to or greater than 
90 mL/kg/hr) or with fluids targeted for blood volume expan¬ 
sion. Synthetic colloid solutions (Dextran-70 or Hetastarch) 
administered at 20 mL/kg will expand blood volume immedi¬ 
ately by 17% to 24% and by approximately 35% within 
60 minutes of administration, 114 Synthetic colloid solutions 
provide no replacement of extravascuIar volume necessitating 
concurrent administration of crystalloid solutions to replete 
the interstitial compartment. These solutions may be rational 
choices for support of vascular volume in clinical settings 
where oxygen-carrying capacity is less critical than volume 
restoration. Hypovolemia secondary to blood loss or hemor¬ 
rhage may require administration of compatible whole blood, 
blood components, or synthetic hemoglobin products 
(Oxyglobin®, BioPure, Cambridge, Massachusetts}. 115 * 116 

Tfie production of urine at greater than ] + 0 mL/kg/br with 
fluid volume replacement suggests a significant prerenal 
contribution to the oliguria and azotemia. Failure to induce a 
significant diuresis after volume replacement indicates either 
that parenchymal damage is severe or that initial fluid deficits 
were underestimated. Additional fluid may be administered 
taking care to promote only mild volume expansion without 
overhydration. 

After correction of the initial fluid deficits, subsequently 
administered fluid must reflect maintenance requirements 
and ongoing losses. Maintenance fluid should be limited to 5% 
dextrose in water to replace insensible free water losses (20 to 
25 mL/kg/day) and balanced electrolyte solutions to replace 
measured or estimated urine, GI, and other sensible losses. 
Commercial maintenance formulations can be supplied if 
insensible and urinary losses are approximately equal. Animals 
that are provided only isonatric solutions (saline, lactated 
Ringer's) become depleted of free water and develop hyper¬ 
natremia within 3 to 4 days. The severity of the hyperna¬ 
tremia may be amplified in animals with appreciable free 
water loses in the urine during the diuretic phase of ARF, post 
obstructive diuresis, or subsequent to treatment with osmotic 
diuretics like mannitol In oliguric animals, the urinary 
replacement should be negligible and not prescribed at the 
same rate as in animals with normal urine production. Urinary 
losses should be measured or accurately estimated in no noli g- 
uric animals to prevent underestimation of the urinary 
replacement. Nonoliguric animals in the diuretic phase of 
ARF or after relief of postrenal obstruction may produce 
greater than ] 0 mL/kg/hr of urine that will not be matched by 
estimates of normal urine production. 

Supplementation of potassium in replacement or mainte¬ 
nance fluids must be prescribed on an individual case basis. 
Fluids containing supplemental potassium are generally con¬ 
traindicated in oliguric animals or during rapid fluid replace¬ 
ment If the supplemental load of potassium has no effective 


elimination route, it will quickly promote hyperkalemia. 
Animals in the diuretic phase of ARF may excrete excessive 
amounts of potassium and require supplementation to pre¬ 
vent potassium wasting; but potassium supplementation 
should always be provided cautiously and only with monitor¬ 
ing of dady serum potassium concentrations. 

Fluids must be administered conscientiously to oliguri 
an uric animals. Hypervolemia is a common complication of 
overzealous fluid administration or improper monitoring of 
fluid balance. Sixty to 70% of animals with moderate to severe 
acute uremia are overhydrated when referred to the authors' 
emergency service, or they become hypervolemic during the 
initial hospitalization period. Failure to induce an effective 
diuresis (> 1 mL/kg/hr) once the fluid deficits are replete 
predicts further fluid loading will be unproductive and pre¬ 
dispose the animal to over hydration. Weight gain, tachypnea, 
harsh breath sounds, increased skin turgor, chemosis, serous 
nasal discharge, peripheral or pulmonary edema, circulatory 
congestion, ascites, and systemic hypertension are consistent 
indicators of over hydration and hypervolemia. The presence 
of dry oral mucous membranes in uremic animals does not 
reflect hydration status due to decreased salivary secretion 
(xerostomia). This finding may cause underestimation of true 
hydration and inappropriate fluid administration. 

An excessive fluid load may be difficult or impossible to 
correct in animals with marginal urine formation. At the first 
evidence of overhydration, all fluid delivery should be 
tailed appropriately or discontinued, and attempts should be 
made to induce a diuresis (see following), if the fluid burden 
cannot be managed successfully with diuretic administration, 
no medical options are available to resolve the over hydration 
and therapy must be directed to consequences of circulatory 
overload (systemic hypertension, peripheral and pulmonary 
edem a, pleural effusion, CHF, and asd tes) ♦ For life-threatening 
overhydration, fluid removal with hemodialysis or peritoneal 
dialysis is the only available therapeutic option (see Renal 
Replacement Therapy, following). 

Cross-linked polyelectrolyte sorbents offer a promising and 
clinically applicable oral solution for overhydration in uremic 
animals. These materials can adsorb up to 50 times their 
intrinsic weight in GI water, providing an effective alternative 
for fluid elimination. At typical doses, orally administered 
sorbets could eliminate up to 1 L of daily fluid accumulation 
in a 30 kg dog. Additionally, these polymers can adsorb solutes 
dissolved in intestinal water, provi ding ana Itemati ve cle arance 
for urea, creatinine, and potassium. Prototype materials 
have been used successfully in a uremic dog and are being 
developed for human administration. 117 

Inadequate Urine Production 

The conversion from ohgoanuric to nonoliguric renal failure 
has been a long-standing goal in the management f acute 
uremia. The routine use of diuretics and vasodilators has been 
advocated when fluid therapy alone is ineffective to promote 
diuresis. 4 * 110 * 111 * 138 Management benefits of an induced diure¬ 
sis include (1) disclosure of less severe renal injury, (2) better 
regulation of fluid and electrolyte balance, (3) opportunity to 
provide parenteral nutrition, (4) increased toxin He arance, 
and (5) optimism for attending clinicians. Despite conven¬ 
tional endorsement of diuretic therapy in the management of 
ARF, this practice is losing credibility due to a lack of docu¬ 
mented efficacy of pharmacologic agents to alter the course, 
morphology, or outcome of ARF, Empiric use of these drugs 
impose recognized risks. 4 * I07 .ikmi2,iib-i zi recent cohort eval¬ 
uation of diuretic administration in human patients with ARF 
documented an increased risk of death and failure to recover 
renal function with diuretic use compared with its nonuse . n2 - 172 
If delayed beyond a few hours firom the initiation phase of the 
insult, the efficacy of diuretics becomes negligible. Their use 
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undesired vasoconstriction, tachycardia, cardiac arrhythmias 
and potential for myocardial, intestinal and renal 

ischemia. 4 - 110111110130 At doses between 0.5 to 3 pg/kg/min, 

dopamine may increase urine formation and facilitate conver¬ 
sion from an oliguric to a non oliguric state. Higher doses pro¬ 
mote renal vasoconstriction, tachycardia, cardiac arrhythmias, 
and are contraindicated in ARK Problems arise with overlap in 
dose effects, variable dopamine elimination, and individual 
animal sensitivity and binding affinities. These variables pre¬ 
dispose critical animals to untoward and unpredictable effects 
to standard dosing. 

Studies in anesthetized cats document a different spec¬ 
trum of dopaminergic effects that suggest a lack of dopamine- 
specific receptor activity in the kidneys of this species. 

Low-dose dopamine infusion (1 to 3 pg/kg/min) causes no 
significant changes in mean arterial blood pressure, heart rate, 
urine output, or sodium excretion. 131 - 132 Only at doses greater 
than 10 pg/kg/min did dopamine infusion results in dose- 
dependent increases in urine output and sodium excretion; 
however, the diuretic response was coupled with variable 
decreases in GFR, renal vasoconstriction, and inconsistent 
changes in mean arterial blood pressure and renal blood flow 
most consistent with a-adrenoreceptors effects. 131 These dif¬ 
ferences in the actions of dopamine predict it is conceptually 
inappropriate for use in cats with oligoanuric ARE Recently, 
D| receptors with a high affinity to fenolodopam were identi¬ 
fied in the kidney cortex of cats, suggesting alternative drug 
strategies to promote diuresis. 130 

Despite the early observational benefits ascribed to 
dopamine that have fostered its contemporary use, essentially 
no documented benefits exist to support its continued use in 
acute uremia, except for pressor control. 4110 - 11 L - 113,119 Dopamine 
has no propensity to improve renal function or alter outcome 
and can no longer be patently endorsed. 

Management of Electrolyte and 
Acid-Base Disorders 

Hyperkalemia is a common and life-threatening electrolyte 
disorder in animals with acute uremia. Severity of hyper¬ 
kalemia and its associated cardiac and neuromuscular distur¬ 
bances dictate therapeutic approach. Options for the 
management of hyperkalemia are to antagonize the increased 
resting potential in cardiac myocytes, redistribute potassium 
from the extracellular to the intracellular fluid compartments, 
and eliminate the potassium load from the body [Table 258-2). 

Severe hyperkalemia (> 8 mmol/L) is associated with life- 
threatening cardiac arrhythmias and conduction disturbances 
that are accentuated by rapid increases in serum potassium 
and the degree of hyponatremia. To immediately resolve these 
threats, calcium gluconate (10 % solution) can be adminis¬ 
tered at 0.5 to 1.0 mL/kg as a slow intravenous bolus over 
10 to 15 minutes to increase the threshold potential for car¬ 
diac excitation (see Table 258-2). 133-135 Calcium chloride is 
not an appropriate substitute because of its potency, acidify¬ 
ing tendency, and irritation if injected extr a vascul ar I y. Rapid 
injection of calcium solutions may cause hypotension and car¬ 
diac arrhythmias; therefore arterial blood pressure and 
electrocardiogram (ECG) monitoring should be established 
during calcium administration. The infusion should be halted 
temporarily if S-T segment elevation, Q-T interval shortening, 
progressive bradycardia, or hypotension is observed. The 
effects of calcium infusion on the myocardium are rapid in 
onset but short lived (approximately 25 to 35 minutes), and 
it has no effect on serum potassium concentrations. Calcium 
infusion should be regarded as a stopgap to counteract 
conduction disturbances until longer-lasting controls can be 
initiated. 

Once the cardiotoxicity has been controlled, transient 
lowering of serum potassium can be achieved by promoting 


should never supplant judicious fluid and hemodynamic 
support. 4110111118123 


Hypertonic mannitol (an osmotic diuretic) 
monly for the prevention and management of 
of ARF. Therapeutic effects include decreased vascular resis¬ 
tance and cellular swelling; increased renal blood flow (RBF), 
GFR, and solute excretion; protection from vascular conges¬ 
tion and erythrocyte aggregation; increased osmotic tubular 
fluid flow with dispersion of tubular debris, casts and obstruc¬ 
tions; and scavenging of toxic free radicals, 4 - 110124126 Its use to 
promote urine formation in the early stages of acute oliguric 
renal failure has been recommended in animals but lacks 
evidence-based justification. 9,106,127 Mannitol (20% to 25% 
solution) is administered to fluid replete animals as a slow 
intravenous bolus at 0,25 to 1.0 g/kg. If an effective diuresis 

results within 30 to 60 minutes, a CRI at 1.0 to 2.0 mg/kg/min 
or intermittent boluses of 0.25 to 0,5 gfkg intravenously, every 
4 to 6 hours, can be given to continue the diuresis for 24 to 
4 8 hours. If an adequate diuresis is not established by 60 minutes, 
additional 0.25 to 0.5 g/kg intravenous bolus can be 

repeated cautiously, but further administration is contraindi¬ 
cated due to the risks of volume expansion, hemodilution, 
hypervolemia, and mannitol toxicity, 9 - 106127-129 Mannitol 
should not be given to animals with severe fluid overload, 
pulmonary edema, or CHF. The more established the onset of 
uremia, the lower the expectation mannitol will promote a 
diuresis or influence the course of the disease. 

Furosemide is less effective than mannitol at improving 
renal function in experimental renal injury, but these observa¬ 
tions have not been verified in clinical trials or in dogs and cats 
with naturally occurring forms of disease. Furosemide inhibits 
active sodium and chloride re absorption in the distal nephron 
causing diuresis, natriuresis, and kaliuresis. It increases tubular 
fluid flow and osmolar clearance, similar to the effects of man¬ 
nitol Additionally, it causes vasodilation, increased RBF, and 
decreased tubular oxygen consumption in hypoxia-sensitive 
tubular segments, 4 * 110 ' 126 

Overhydration, hyperkalemia, and toxin elimination are 
the established indications for the use of furosemide in ani¬ 
mals or humans with ARE* Furosemide is given initially at 

2 to 6 mg/kg intravenously after existing fluid deficits have been 
corrected. If an adequate diuresis of greater than 1 mL/kg/hr 
is not achieved within 30 minutes, the initial dose can be 

repeated. If a diuresis is achieved, the dose can be repeated 

every 6 to 8 hours or given as a CRI at 0.25 to 1.0 mg/kg/hr 
to extend the diuresis for 24 to 48 hours. Diuretics should 
always be administered cautiously The animals fluid and 
electrolyte balance must be monitored to prevent depletion of 
ECF volume that might precipitate additional prerenal insults 
on the existing renal injury. Like mannitol, the diuresis 
induced by furosemide may not improve renal morphology or 
change the outcome or clinical course of animals with ARE 
Predictable adverse effects are development of ECE volume 
contraction, sodium wasting, deafness, and delay to referral. 

Dopamine is a catecholamine with diuretic properties 
caused by PGEj-medjated renal vasodilation, increased RBF, 
increased GFR, decreased tubular sodium and water reab- 
sorption, and decreased tubular oxygen consumption. The 
pharmacologic effects of dopamine are dose dependent and 
differentially mediated through dopaminergic and adrenergic 
receptors. In dogs, ‘renal" doses of dopamine between 0.5 to 

3 pg^kg/min promote these responses primarily by activating 
dopamine-specific Drlike and D r Uke receptors in the kidney 
and postganglionic sympathetic nerves. Doses between 5 and 
7 pg/kg/min activate {3 1 -receptors to increase cardiac output; 
whereas higher doses stimulate alpha receptors causing 
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Table 


Management of Hyperkalemia in Acute Renal Failure 


THERAPY 


MECHANISM OF ACTION 


Mild Hyperkalemia (< 6.0 mEq/L) 

IV fluids 

(0.9% saline, iactated Ringer's) 

Kayexala te 

2g/kg in 3-4 divided doses PO with 20% sorbitol; 

may also be given as retention enema without sorbitol 


Plasma volume expansion, dilutes K+, and increases GFR and 
renal potassium excretion 


Exchanges K+ for Na+ across the intestinal mucosa 


Moderate Hyperkalemia (6.0 to 8.0 mEq/L) 

Sodium bicarbonate 

1-2 mEq/kg IV slowly over 20 minutes 

Dextmse (2Q%-50%) 

1.5 g/kg IV bolus 

Regular insulin and dextrose (20%-50%) 

Insulin @ 0.1-0.25 U/kg plus 
Dextrose® 1-2 g/U IV 


Translocates K+ to intracellular space in exchange for H+ 


Stimulates insulin release, which promotes transcellular entry of 
K+ into cells 

Promotes transcellular entry of K+ into cells 


Severe Hyperkalemia (> 8.0 mEq/L) 

Calcium gluconate (10%) 

0.5-1,0 mL/kg over 10-15 minutes; 

monitor the ECG during administration 

Hemodialysis/peritoneal dialysis 


Specific antagonist of the cardiotoxic effects of K+ 


Whole-body clearance of excessive potassium load 


its translocation from the extracellular to the intracellular 
fluid compartment with sodium bicarbonate or insulin and 
glucose administration. During these temporary reprieves 
from the hyperkalemia, additional measures must be initiated 
to provide long-term regulation of serum potassium. 

Moderate hyperkalemia (6.0 to 8.0 mmoi/L) may resolve 
naturally after induction of diuresis. If diuresis cannot be 
established or serum potassium cannot be controlled with 
furosemide administration, all potassi um-containing parenteral 
fluids should be replaced with solutions devoid of potassium. 
Sodium bicarbonate should be given to correct any existing 
deficit. Sodium bicarbonate can be administered empirically 
at 1 to 2 mmol/kg intravenously over 20 minutes in the absence 
of serum bicarbonate measurements (see Table 258-2). 
Therapeutic effects begin within 10 minutes and may persist 
for 1 to 2 hours. 133 ' ]35 Bicarbonate administration increases 
extracellular pH, which translocates potassium into cells in 
exchange for hydrogen jons. m ’ m Sodium bicarbonate is con¬ 
traindicated in animals with metabolic alkalosis and is risky in 
overhydrated animals. Sodium bicarbonate administration 
may lower serum calcium concentration and precipitate a 
hypocalcemic crisis in animals with pre-existing hypocal¬ 
cemia. Recent studies have shown equal efficacy for either 
hypertonic sodium chloride or sodium bicarbonate to reduce 
serum potassium and cardiac toxicity in dogs with artificially 
in du ced h ype rkalemi a. 1137 

Hypertonic (20%) glucose can be administered at 0.5 to 
1.5 g/kg intravenous! y as an aJtemative to sodium bicarbonate. 
Glucose stimulates insulin release and promotes the 


transcellular uptake of potassi um. Alternative ly, regular insulin 
can be given at 0.25 to 1,0 U/kg intravenously in combination 
with intravenous glucose at 1 to 2 g/U of administered 
insulin, 133 ] 3 * The effects of bicarbonate and glucose and 
insulin are more sustained than the effects of calcium but 
must be repeated as clinical circumstances dictate until the 
potassium load is alleviated. 

Mild hyperkalemia i <6.0 mmol/L) is rarely problematic 
but should be monitored at 8- to 12-hour intervals. Mild 
hyperkalemia generally resolves with initial (potassium free) 
replacement fluids and routine furosemide or bicarbonate 
administration (or both). For long-term control in pets with 
refractory hyperkalemia, sodium polystyrene sulfonate resin 
(Kayexalate) may be given orally at 2 g/kg in 3 to 4 divided 
doses as a suspension in 20% sorbitol (to prevent consti¬ 
pation), The resin can also be used as a retention enema 
suspended in water in animals unable to tolerate oral admin¬ 
istration. The resin exchanges sodium for potassium secreted 
into the intestinal lumen to promote increased intestinal 
potassium clearance. Exchange resins are effective at control¬ 
ling low-grade hyperkalemia, but have little efficacy in 
the management of the associated cardiotoxidty. The accept¬ 
ability of these preparations is low due to persistent side 

effects including nausea, constipation, GJ ulceration, and 
necrosis. 

If conventional therapy fails to provide an immediate or 
lasting resolution for the hyperkalemia, peritoneal 
hemodialysis is indicated as alternative therapies fsee Renal 
Replacement Therapy). 


or 
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oxygenation. Sodium bicarbonate is not an appropriate ther¬ 
apy for the acidemia of respiratory origins. 

Uremia Intoxications 

Uremia toxins must be removed from the body by restoration 
of excretory function, intensive fluid diuresis, or dialysis to 
resolve the signs attributable to the azotemia. Immediate 
recovery of excretory function is rarely possible in advanced 
forms of acute uremia, and symptomatic therapies must be 
provided to ameliorate the uremic intoxications (Table 258-3). 

Oral and Gastrointestinal Complications Oral hygiene, 
uremic stomatitis, and oral ulcerations can be improved dra¬ 
matically by rinsing the oral cavity every 6 to 12 hours with 
solutions or gels containing 0.1% to 0.2% chlorhexidine. This 
therapy reduces the bacterial contamination of the oral cavity, 
helps prevent and heal oral ulcers, and relieves the discomfort 
associated with the stomatitis and Ungual necrosis. Pain from 
lingual necrosis or severe ulceration can be managed further 
with topical lidocaine preparations. 

Antiemetic therapy is required to manage fluid and elec¬ 
trolyte imbalances, nutritional needs, and the discomfort 
associated with protracted vomiting. All oral fluids, medica¬ 
tions, and food should be discontinued until vomiting ceases 
for 12 to 24 hours. H z -receptor antagonists such as cimetidine, 
ranitidine, and famotidine have become mainstays for the 
management of gastritis, vomiting, and gastric ulceration (see 
Table 258-3), 70 - i39 They reduce gastric acid production by 
blocking the histamine receptor on gastric parietal cells and 
also reduce pepsin production, which may promote gastric 
ulcer formation. H 2 receptor antagonists undergo 50% to 70% 

renal elimination, and dosing should be reduced in proportion 
to the degree renal failure to prevent side effects. Omeprazole 
is a potent inhibitor of gastric acid secretion and acts by irre¬ 
versible inactivation of HVK + -ATPase activity to prevent 
secretion of hydrogen ions into the stomach. 139 Omeprazole 
reduces acid secretion in the dog for up to 24 hours; however, 
expense may limit its widespread application. 

Oral antacids are of limited value to reduce gastric acidity 
due to their frequent dosing requirement. Their usefulness is 
limited further in animals with protracted vomiting. 
Sucralfate is a basic aluminum salt of sucrose octasulfate used 
to manage gastric ulceration. It binds tightly to exposed 
protein in gastric ulcers to form a protective barrier against 
pepsin, add, bile, or pancreatic secretions. Sucralfate also 
stimulates mucus and bicarbonate secretion and mucosal 
prostaglandin production to improve microvascular integrity 
and mucosal blood flow. The efficacy of sucralfate is limited in 
animals that cannot tolerate oral medications. Medical therapy 
is typically continued for 2 to 3 weeks but may need to be 
extended in animals with severe gastritis after antifreeze 
ingestion or severe uremia. Management of the gastritis gen¬ 
erally controls vomiting if excretory function can be restored 
quickly and the azotemia resolved. 

Centrally acting anti emetic therapy should be considered if 
vomiting cannot be controlled by restricted oral intake and 

treatment of the gastritis (see Table 258-3). Metoelopramide 

is a D 2 -dopaminergic antagonist that directly suppresses the 
chemoreceptor trigger zone. 139 It also has prokinetic effects 
on the stomach to promote gastric emptying, which is often 
delayed in uremic animals. Metoelopramide can be provided 
by either oral or parenteral routes and is most effective when 
administered as a constant intravenous infusion (see Table 
258-3). Metoelopramide is excreted by the kidneys, and the 
dose needs modification in animals with severe uremia. 
Phenothlazine derivative antiemetics (chlorpromazine, 
prochlorperazine, acepromazine) suppress vomiting through 
antagonism of a-adrenergic receptors at the CRTZ and the 


Hypokalemia 

Hypokalemia may develop during the diuretic stage of ARE 
if renal potassium losses exceed potassium intake. The use of 
diuretics, inadequate dietary intake, vomiting, and diarrhea 
contribute to its development. Hypokalemia is usually asymp¬ 
tomatic, but clinical signs may be noted If the serum potas¬ 
sium concentration is less than 2.5 mmol/L. Muscle weakness, 
fatigue, vomiting, anorexia, GI ileus, and cardiac arrhythmias 
may become apparent. Ventroflexion of the neck is observed 
commonly in cats. 

Oral potassium supplementation at 1 to 3 mmol/kg/day is 
usually sufficient in animals that are able to eat. Guidelines for 
parenteral potassium supplementation are based on the sev¬ 
erity of hypokalemia. Serum potassium rarely is less than 
2.0 mmol/L in animals with acute uremia, and maintenance 
fluids containing potassium concentrations between 20 and 
30 mmol/L are usually sufficient to restore normokalemia. 
Potassium supplementation, including that in maintenance 
fluids, should be provided cautiously in uremic animals. 
Serum potassium should be evaluated frequently to avoid 
hypokalemia or hyperkalemia. 

Add-Base Imbalances 

Metabolic acidosis is the most common acid-base disorder in 
uremic animals. Mild metabolic acidosis (serum bicarbonate 
>16 mmol/L) will often resolve after fluid replacement and 
the onset of diuresis. Moderate to severe metabolic acidosis 
(serum bicarbonate <16 mmol/L) should be treated with 
intravenous sodium bicarbonate. Initial treatment should be 
directed at correcting serum pH and serum bicarbonate to 
approximately 7.2 and 14 to 16 mmol/L, respectively 
The initial bicarbonate replacement dose (mmol) = [body 
weight (kg) x 0.3 x bicarbonate deficit (desired bicarbonate - 
measured bicarbonate)]. One half of the calculated replace¬ 
ment is administered intravenously over 20 to 30 minutes, and 
the remainder is provided with intravenous fluids over 2 to 

4 hours if arterial pH is less than 7.2 after distribution (30 to 

60 minutes) of the initial bolus. 108 - 134138 

Full equilibration of the initial bicarbonate dose requires 
2 to 4 hours, but most uremic animals have an ongoing 
requirement for sodium bicarbonate of approximately 80 to 
90 mg/kg/day to offset production of metabolic acids. 
Consequently, bicarbonate should be reassessed after admin¬ 
istration of the initial replacement dose and at least once daily 
to determine if therapy has been adequate or additional ther¬ 
apy to normalize serum bicarbonate concentration is required. 
Excessive sodium bicarbonate administration can promote 
metabolic alkalosis, volume overload, pulmonary edema, and 
hypertension. Serum potassium and ionized calcium 
concentrations may decrease precipitously with overcorrec- 
tion of the acidemia causing secondary hypoventilation, 
hypercapnia, shift in oxyhemoglobin dissociation, reduced 
tissue oxygen delivery, and paradoxic cerebral acidosis after 
rapid increases in serum pH. 108 1341,38 Alternative alkalizing 
agents, including sodium acetate, sodium lactate, sodium or 
potassium citrate, and calcium carbonate, require hepatic 
metabolism to generate bicarbonate and offer no advantage to 
that of sodium bicarbonate. 

Mild to moderate metabolic alkalosis (serum bicarbonate 
> 26 and < 35 mmol/L) resolves with administration of normal 
saline or balanced electrolyte solutions to correct the ECF 
fluid volume and chloride deficits and with the onset of diure¬ 
sis. Protracted vomiting must be controlled with anti emetics 
to prevent persisting metabolic alkalosis. Respiratory acid- 
base disorders are seen in animals with concurrent pulmonary 
complications. Management of the respiratory component 
requires correction of the underlying pulmonary or pleural 
disease (or both) and appropriate regulation of ventilation and 
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Table 


Therapeutic Agents Used in the Management of Gastrointestinal Uremic Intoxications* 


AGENT 


IN DICATION/M E CH ANISM 

Stomatitis, oral ulceration 
Bacteriocidal agent 
Esophagitis, gastritis, gastric 
a Iceration/h e mo rrh age 

preceptor antagonist 
Esophagitis, gastritis, gastric 

ulceration/hemorrhage 
H 2 *receptor antagonist 

Esophagitis, gastritis, gastric 
u iceratio n/hem o rrha g e 

H 2 -receptor antagonist 
Esophagitis, gastritis, gastric 
u I ce ra t i o n/hem orrhag e 
H+/K+ -ATPase proton pump blocker 
Esophagitis, gastritis, gastric 

ulceration/hemorrhage 
Cytoprotective agent 
Esophagitis, gastritis, gastric 
ulceration/hemorrhage 
Cytoprotective agents-PGE, analog 
CRTZ, emetic center antiemetic 

a 2 -adrenergic, D^dopaminergie, 

H^-h istominergic, M^-chofinergic 
antagonists 

CRTZ, emetic center antiemetic 

a^-adrenergic, 0 2 -dopaminergic, 
hVhistaminergic, M r cholinergic 
antagonists 

CRTZ, emetic center antiemetic 
ct 2 -ad ren e rg ic f D 2 -do pa mine rg it, 

H-j*histominergic, -cholinergic 

antagonists^ 

5-HT 3 receptor antagonist 
CRTZ, peripheral vagal 
5-HT 3 receptor antagonist 
CRTZ, peripheral vagal nerve 
CRTZ antiemetic, prokinetic agent 
D 2 -dopaminergic antagonist, 
5HT 3 -serotonergic antagonist 
Prokinetic agent 

5-HT 4 receptor agonist, S-HT/S-HT 
receptor antagonist 


CONVENTIONAL DOSE 


Chlorhexidine (CHX-Guard®) 


Gmetidinet 

(Tagamet® Smith Kline French) 
Ronitidinet (Zantac® Glaxo) 


5-10 mg/kg PO, IM t IV q4-6h (dog) 

5-10 mg/kg PO, 1M, IV q6-Sh (cat) 
0*5-2.0 mg/kg PO, IV q S-12h 


Famatidinet 

(Pepcid® Merck Sharp Dohme) 
Omeprazole 

(Prilosec® Merck Sharp Dohme) 
Sucralfate (Carafate® Marion) 


0*5-1.0 mg/kg PO, IM, IV q 12-24H 


0.5-1.0 mg/kg PO q24h 


0.5-1,0 g PO q 6-8b (dog) 

0.25-0,5 g POq8-12h (cat) 

1-5 g/kg POq6-12h 


Misoprostol (Cytotec® Searle) 


ue 


Chlorpromazine (Thorazine ® 
Smith Kline French) 


0.2-0.5 mg/kg IM, SQ q6*8h 


Prochlorperazine (Compazine® 

Smith Kline French) 


0.1-0.5 mg/kg IM, SQ q8-12h 


Acepromazine {PromAce® 

Fort Dodge) 


0.01-0.05 mg/kg IM, 5Q q8-12h 


Ondansetron (Zofron® 
Glaxo Wellcome) 
Dofasetron (Anzemet® 

Hoechst Mahon Russel) 

M etado pra m id et 

(Region® Robins) 

Cisapride (Propuisid® 

Jansen Pharmaceutica Inc) 


0.1 mg/kg PO q12-24h 
0*1-03 mg/kg IVq8-12h 
0,5 mg/kg PO, SQ, JVq24h 

0*1-0,5 mg/kg PO, IM, SQ q 6-8h 
0.01-0.02 mg/kg/hr CRI 

0*1-0.5 mg/kg POq8-12h 


nerve 




•Most of these drugs have not been approved for use in the dog or cat. 

eOC * rerial eXcreti0n and the dose must adjusted accordingly to prevent toxicity 

CRTZ, Chemoreceptor trigger zone; 5-HT f S-hydroxytryptamine. ^ 


emetic center. They are effective antiemetics in uremic ani¬ 
mals but prone to sedative and hypotensive side effects They 
should be considered for animals with intractable vomiting in 
which the adverse effects can be accepted* Serotonin receptor 
antagonists (ondansetron and dolasetron) provide central 
antiemetic effects at both the CRTZ and emetic center. They 
highly effective for chemotherapy-induced vomiting and 
may be effective in acute uremia. Prokinetic agents can be 


used to treat delayed gastric emptying 
and the persistent vomiting. 

Uremic bleeding can be fatal if associated with CNS hem¬ 
orrhage but more commonly causes GJ bleeding and anemia. 
Uremic bleeding improves with resolution of the azotemia 
after intensive diuresis or di alysis* Transfusion of packed RBCs 
is indicated for animals with severe anemia and active bleed¬ 
ing and may reduce bleeding time through indirect effects 


uremic gastric paresis, 


are 




CHAPTER 258 


* Acute Uremia 


1749 


on platelet function. 140 Transfusion of platelet-rich plasma 
will not improve platelet function or reduce bleeding time, 
because function of the transfused cells is altered upon expo¬ 
sure to uremic plasma. 

impaired Immunity Uremia imposes increased susceptibil¬ 
ity to infection due to accumulation of toxins that impair 
immunity and cellular host defenses, uu43 The deficiencies in 
host defenses are compounded by widespread breaches of 
mucosal integrity associated with GI ulceration, intravenous 
and bladder catheterization, parenteral medications and feed¬ 
ing, and intervention with hemodialysis, peritoneal dialysis, and 
immunosuppressive drugs.Infection may be difficult to iden¬ 
tify because uremia dampens the febrile response. Strict asepsis 
during catheter placement and meticulous catheter site care are 
mandatory for uremic animals. If infection is suspected, blood, 
urine, and catheter tip cultures should be obtained, and broad- 
spectrum antibiotic therapy initiated pending culture results. 
Prophylactic use of antibiotics may foster bacterial resistance or 
"superinfections" and should be prescribed with caution. 

Pulmonary Signs Respiratory complications arise mostly 
from overhydration, infection, and aspiration of gastric fluids 
during vomiting. Overhydration is treated by cessation of fluid 
delivery and diuretic administration to achieve an appropriate 
dry weight. Animats with severe pulmonary edema and olig¬ 
uria may require removal of the fluid burden by peritoneal or 
hemodialysis. Bacterial pneumonia is managed with antibi¬ 
otics and supportive pulmonary care. Aspiration pneumonia 
should be treated aggressively with antiemetic therapy, 
parenteral broad-spectrum antibiotics, and supplemental 
oxygen or ventilatory support, if required. Uremic pneumoni¬ 
tis is a complication of severe azotemia resulting in a respira¬ 
tory distress syndrome, noncardiogenic pulmonary edema, 
and respiratory compromise or failure. 75 Uremic pneumonitis 
is treated supportively with supplemental oxygenation or 
mechanical ventilation. It has potential to improve with reso¬ 
lution of the azotemia and is an indication for dialysis. Dogs 
with leptospirosis frequently develop radiographic and clinical 
signs consistent with uremic pneumonitis that is independent 
of the severity of the azotemia. The lesions are induced by 
endothelial damage and vasculitis . 74 

Nutritional Management of Acute Renal Failure 

Protein-calorie malnutrition is a component of the acute 
uremic syndrome. This includes impaired immune function, 
increased susceptibility to infection, delayed wound healing, 
decreased strength, and poor quality of life. The imposed 
catabolism exacerbates the hyperkalemia, hyperphosphatemia, 
acidosis, and azotemia. It increases morbidity and mortal¬ 
ity. 143144 Anorexia, nausea and vomiting, comorbid diseases, 
uremic toxins, insulin resistance, and hyperparathyroidism con¬ 
tribute to the nutritional inadequacies. Metabolic acidosis is a 
major stimulus for breakdown of muscle protein and amino 
acid oxidation and contributes to the ongoing catabolism. 145146 

An accurate assessment of nutritional status is necessary to 
guide nutritional therapy Change in body weight is the sim¬ 
plest parameter to assess. This can be flawed by changes in 
hydration status, lean body mass, or fat stores. Body condition 
scoring is a useful index to document sequential changes in 
body composition, but it is only qualitative and subject to 

hydration errors and experience of the evaluator . 147 - l4B 
Bioelectrical impedance analysis is a new, safe, noninvasive, 
and reproducible method to precisely quantitate changes in 
total body water, extracellular fluid volume, and body cell 
mass with potential application in uremic animals. 149150 Goals 
of nutritional therapy are to meet the energy and nutrient 
requirements of the animal; alleviate the azotemia; prevent 


alterations in fluid, electrolyte, vitamin, mineral, and acid-base 
balance; and aid the renal repair. The optimal nutritional 
regime for dogs and cats with ARF has not been defined, but 
a high-energy and moderate protein, potassium and phos¬ 
phate formulation as prescribed for CRF is logical. Sufficient 
energy must be supplied to prevent catabolism of endogenous 

protein, spare lean body mass, and minimize azotemia. The ill¬ 
ness energy requirement for animals with acute uremia is 
determined as the resting energy requirement times a stress 
factor (1*2 to 1*4 for uremic dogs and U2 for uremic cats). 
RER is determined according to die following formulae; 

RER (kcal/day) - 70[WqJ 


0.75 


or 


RER (kcal/day) = 70 + {30 x WtJ 

(where Wt kft is the body weight in kilograms 151 ) 

Carbohydrate and fat provide the nonprotein sources of 
energy required in the diet. Commercial diets, liquid enteral 
formulations, or parenteral solutions designed for the man¬ 
agement of renal failure can be used. These formulations 
contain a relatively high fat content to increase energy density, 
and they should be introduced slowly to prevent GI compli¬ 
cations, especially pancreatitis. 

The optimal protein requirement for animals with acute 
uremia is not known and is likely to be influenced by underlying 
and coexistent clinical conditions. Consequently, the minimum 

protein requirements for normal dogs (1*25 to 1,75 g/kg/day; 
approximately 8% to 10% protein on a ME basis) and cats 

(3.8 to 4*4 g/kg/day; approximately 20% to 25% protein on a 

ME basis) are generally adopted for uremic animals. This 
degree of restriction may not be necessary or desired in ani¬ 
mals with mild or moderate azotemia or greater catabolic 
stresses, where more liberal protein prescriptions may be 
needed. Phosphorus, sodium, potassium, and magnesium 
intake should be restricted to prevent accumulation of these 
minerals; however, intake must be modified according to the 
clinical and biochemical dictates of the animal. 

Delivery of adequate nutrition is constrained by in appe¬ 
tence and the GI complications of uremia. Oral or enteral 
feeding may not be possible or recommended in the initial 
stages of ARF due to gastritis, pancreatitis, or uncontrolled 
vomiting. Peripheral parenteral nutrition or total parenteral 
nutrition is indicated under these circumstances to provide 
interim nutritional support* 152 Peripheral parenteral nutrition 
is formulated with isotonic solutions administered through a 
peripheral vein. However, complete nutritional requirements 
cannot be met by this technique. It should only be used as an 
adjunct to oral intake or to supply partial nutritional support 
n ot to exceed 5 da ys. Total p arente ral nutrition is fannul ated 

to provide all essential nutrients for indefinite periods but 
requires central venous administration due to the hypertonic¬ 
ity of the nutrient solutions. 

Oral or enteral tube feeding is recommended in animals 
that are not vomiting but fail to achieve caloric requirements. 
The indications, complications, and technical aspects of 
enteral feeding have been reviewed recently* 151 Esophageal 
feeding tubes or percutaneous gastrostomy tubes are invalu¬ 
able aids for the long-term nutritional support of animals that 
are likely to have prolonged recovery times. Caloric and pro¬ 
tein requirements can be met readily by the intermittent or 
continuous administration of blended therapeutic diets or 
liquid enteral preparations formulated for the management 
of renal insufficiency. 151 The clinical benefits of enteral or 
parenteral nutrition cannot be overemphasized, but it may 
not be possible to supply the volume required to achieve the 
nutritional requirements in oliguric animals without dialysis 
to alleviate overhydration, 
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Renal Replacement Therapy 

ARE is the most common indication for dialytic intervention in 
dogs and cats, and modem dialysis equipment and procedures 
are well suited for uremic animals. 77 ,io4 P ios Medical therapi 
cannot approach the efficacy, efficiency, and clinical benefits 

that dialysis provides. Without dialysis, animals with_ 

uremia generally die within 5 to 7 days precluding sufficient 
opportunity for regeneration or repair of the renal injury. 
Dialysis extends the life expectancy of uremic animals facili¬ 
tating their potential for recovery. Peritoneal dialysis uses the 
peritonea] lining as a dialytic exchange surface across which 
diffusive and osmotic forces transfer toxic wastes and excessive 
fluid from the blood to a dialysate solution instilled in the 
abdominal cavity, io4,iob ( i» ft ^ a conceptually simple technique 

applicable in both general and specialty practice but can be a 
deceptively intensive and fraught with technical and clinical 
complications. IW - 154 Continuous renal replacement therapy 
(CR RT] is a noninterrupted extracorporeal procedure using 
hemofiltration for solute and fluid removal. CRRT is less 
demanding technically than intermittent hemodialysis. Jt is 
generally provided in intensive care settings for patients with 
profound clinical and hemodynamic instability. 1 M.l*■ss The tech¬ 
nical and clinical lure of CRRT has captured the interest of 
w terinary critical care specialists for the management of acute 

Intermittent hemodialysis is the standard extracorpo¬ 
real therapy for acute uremia in humans and animals. The 
tl u i tl r t ■ 1 1 8 k_ tro l yt tv a ra d acidase a b n o r m a li ties are corrected, 
and the accumulated uremia solutes are removed from the 
body by diffusive and convective gradients between blood and 
the dialysate solution in the artificial kidney. n t m,\m 
Hemodialysis has become a routine therapy for 
in both dogs and cats. 

Immediate renal replacement therapy is indicated when 
the clinical consequences of the azotemia, inadequate urine 
production, and the fluid, electrolyte, and acid-base distur¬ 
bances cannot be managed with medical therapy alone. 
General guidelines for patient selection and indications for 
dialytic therapy are outlined in Box 258-3. Hemodialysis (and 


peritonea] dialysis and CRRT therapies) can resolve virtually 
all excretory deficiency of acute 

To date, failure to recover renal function after 1 to 4 weeks 
of conventional medical support have been used as bench¬ 
marks to predict irreversible from reversible renal failure in 
animals. However, these criteria have been redefined with the 
advent of hemodialysis, and many animals with seemingly 
irreversible disease at the outset of medical 
recover j 

4-week limit. 


uremia. 


i es¬ 


se v ere 


management can 
renal function if supported by dialysis beyond the 


Azotemia Even severe azotemia can be corrected com¬ 
pletely with just a few hemodialysis sessions, but the expedi¬ 
ency of its resolution must be tempered by the tolerance of 
the animal to rapid changes in serum solute concentrations. 
Both peritoneal dialysis and CRRT procedures produce a 
more gradual and continuous resolution of the azotemia 
throughout the first 2 to 3 days of therapy. For animals that do 
not recover within this time period, CRRT must be transi¬ 
tioned to intermittent hemodialysis for long-term support. 


Electrolyte EHsturbances Dialysis is indicated in patients 

where medical treatments provide only transient resolution of 
the hyperkalemia and no relief of the 


excessive potassium 

load for long-term control. Life-threatening conduction 

disturbances are frequently corrected within minutes of 

starting hemodialysis despite the absence of perceptible 

changes in peripheral blood potassium concentration, thus 

providing both an immediate and prolonged solution to 
hyperkalemia. 

Abnormalities of other electrolytes or minerals resulting 
from the uremia, comorbid diseases, or therapy, can be cor¬ 
rected by formulating the dialysate to approximate the serum 
concentration desired for each solute at the end of the dialysis 
session. The bicarbonate concentration of the dialysate can 
be increased above reference values to promote accrual of 

depleted buffer reserves and to supplement impaired renal 
bicarbonate generation. 


uremia. 


severe uremia 


Correction of Fluid Excesses 

Excessive fluid load 


be removed readily by ultrafiltration 
using intermittent hemodialysis or CRRT, or by osmotic 

gradients with peritoneal dialysis. Slow rates of ultrafiltration 

between 5 to 10 mL/kg/hr generally are tolerated. Increased 

rates of fluid removal are possible but require careful assess- 

ments of the animal's hemodynamic condition and use blood 
volume monitoring equipment. 


can 


Indications for Dialytic Therapy in Animals 


Acute Uremia: 

1. Anuria 

2. Failure of fluid administration or diuretic therapy 

initiate an adequate diuresis * ^ T 

3. Failure off conventional therapy to control the azotemia 

or the biochemical and clinical manifestations of acute 
uremia 

mt n -r » ^ r •* r* t Pf * ^ ^ J$ I ~ # -A m 3 . * ■ W m i r. ~' m — 

4. Life-threatening fluid overload 

5. Lrfe-threaten i ng electrolyte or a cid-base d isturba nces 

6. BUN > 100 mg/dL; serum creatinine > 10 mg/dl 

1. Clinical course refractory to conservative therapy for 
12-24 hours t . 


Acute Intoxications 

Hemodialysis should be considered for the immediate man¬ 
agement of acute poisoning when the toxin is dialyzable, 
when antidotal therapy has been delayed, or when no specific 
antidote to the intoxication is available. Hemodialysis is indi¬ 
cated specifically for the treatment of common poisonings 
including ethylene glycol, methanol, salicylate, lithium, 
ethanol, phenobarbital, acetaminophen, theophylline, amino¬ 
glycosides, tricyclic antidepressants, and possibly metalde- 
hyde. 77 -104,105 Peritoneal dialysis and CRRT procedures may be 

capable of removing a variety of toxins, but these treatments 
are less efficient than hemodialysis and do 
satisfactory substitutes. 

Hemodialysis will rapidly eliminate ethylene glycol and 
its metabolites from animals poisoned with antifreeze 
[Figure 258-7]. It should be initiated without any delay 

the principal therapy to resolve the intoxication and to sup¬ 
port the accompanying fluid, electrolyte, and acid-base disor¬ 
ders associated with the toxicosis, 77 For 


to 


not represent 


Miscellaneous: 

■ • » k| 1 -1 jfi _ a 1 ■ 1 ^ <1 4 L I J 1 J f M • * 1 u . M 

T Severe overhyd ratio m pu Imorra ry edema; 

heart failure (CHF) 

2. Acute poisoning/drug overdose 


con gest ive 


as 


acute poisoning 
[within 5 to 6 hours), it is possible to remove all the toxin 






* Acute Uremia 


CHAPTER 258 


1751 


treatments must be provided to support the uremia and renal 
repa ir. 


800 


Transplantation of renal allografts from unrelated dogs and 
cats has become more successful in the past 10 years and 
provides an alternative renal replacement option for animals 
that sustain irreparable renal injury.Transplantation 
early in the course of severe renal injuries (antifreeze poison¬ 
ing) may prove more cost-effective than a protracted course 
of dialysis. 

Outcome and Prognosis 

The prognosis for recovery from acute uremia depends on the 
cause, extent of damage, com orb id diseases, multiple organ 
involvement, and availability of diagnostic and therapeutic 
services. Little documentation exists in the veterinary litera¬ 
ture to accurately predict the importance of these indepen¬ 
dent variables. A recent review of 99 cases of ARF in dogs 
produced by the usual causes documented a mortality of 
nearly 60% from death or euthanasia. 11 Nearly 60% of the 
surviving dogs subsequently developed CRF, and only 44% 
recovered normal renal function. Severity of the azotemia, 
hypocalcemia, anemia, proteinuria, specific cause (ethylene 
glycol intoxication), and comorbid systemic disease (D1C) 
were associated with failure to survive. In this series, 92% 
of dogs with a history of ethylene glycol ingestion died or 
were euthanatized due to the poor prognosis. In another series 
of 37 dogs with confirmed ethylene glycol intoxication, greater 
than 95% of those with initial azotemia died, whereas all non- 
azotemic dogs survived. 160 Survival for dogs with hospital- 
acquired ARF was reported as 38%, with age and initial urine 
production as significant predictors of mortality. 

In contrast to these outcomes in dogs, 9 of 15 (60%) cats 
with severe ARF secondary to pyelonephritis and ethylene 
glycol intoxication that were managed with hemodialysis or 
transplantation recovered with partial or normal renal func¬ 
tion. 31 One hundred percent of cats with acute pyelonephritis 
survived. In these animals, as in other series, the magnitude of 
the azotemia at presentation did not predict survivability. 
Similar to previous reports, a recent review of 138 cases 
of severe ARF in dogs requiring hemodialysis revealed an all- 
cause mortality of nearly 60% from death or euthanasia. 62 For 

the majority of surviving dogs, renal function had been sub¬ 
stantially recovered by the time ol discharge. Survival from 
infectious (80%) and hemodynamic and metabolic causes 
(40%) is more favorable than survival from toxic causes 
(20%), 62 The outcome for dogs with acute leptospirosis is 
particularly favorable, with survival approaching 90% with 
either severe (dialysis dependent) or milder forms {medically 
managed) of ARE 85 

ARF is a serious and frequently fatal disease in both dogs 
and cats. Recovery is best for animals with infectious causes 
and worst for animals with nephrotoxic causes or multiple 
organ failure* Early recognition, appropriate fluid therapy, and 
extended support with dialysis offer the greatest opportunity 
for a favorable outcome. 
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Figure 258*7 Changes in serum glycolic acid (upper panel) and 
etHylene glycol (looser panel) concentrations in two dogs treated 
with hemodialysis after simultaneous exposure to antifreeze 4 to 
6 hours before presentation. Despite the extremely high initial 
concentrations of these toxins, both dogs recovered uneventfully 
with no evident renal injury after a single dialysis treatment. 


and prevent development of renal injury with a single dialysis 
treatment , 77 - 112 If the treatment is delayed beyond this 
window, renal injury may be expected, and a series of dialysis 
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Renal Transplantation 


Cathy E. Langston 
Lori L. Ludwig 


hronic renal failure is a progressive, debilitating, and 
terminal disease. Medical management, although effective 
initially, is not sufficient for cats with end-stage renal 
failure. Kidney transplantation offers an avenue of therapy 
when medical management fails. The first clinical feline renal 
transplantation was performed in 1987. Several centers 
offer this procedure. 


C 


clinical disease in several cats. An attempt should be made to 

carefully both the donor and the recipient for toxopl 
mosis. A positive toxoplasmosis titer does not determine 
whether active infection is present. A serologically positive 
recipient must be considered at higher risk, A seropositive 
donor should not be used for a seronegative recipient. 

A thorough cardiac evaluation, including thoracic radio¬ 
graphs, an electrocardiogram (EKG), and an echocardiogram, 
should be performed prior to transplantation surgery. Because 
of the shortened anticipated life span associated with signifi¬ 
cant cardiac disease, cats with congestive heart failure : 
diffuse hypertrophy are eliminated as candidates. Intolerance 
of aggressive fluid therapy or focal hypertrophy are relative 

contraindications and must be evaluated in light of the entire 
clinical picture. 2 

Other conditions likely to affect renal function or patient 
longevity, including uncontrolled hyperthyroidism, diabetes 
mellitus, or neoplasia, should exclude any cat from considera¬ 
tion for renal transplantation. Hypertension affects about 30% 
of feline transplantation candidates. 3 Prior to transplantation, 
antihypertensive therapy should be titrated to control blood 
pressure. 2 Intensive handling is necessary, particularly in 
the immediate postoperative period, therefore fractious 
should not undergo transplantation, because they will 
tolerate the level of care necessary for a good outcome. 

Transplantation is appropriate when medical management 
fails to maintain the cat in satisfactory condition. It can be 
difficult to determine the point of decompensation, but good 
guidelines include weight loss, the development of anemia, or 
worsening azotemia. Some programs suggest transplantation 
when a certain creatinine level has been exceeded (e.g,, 
A mg/dL), Despite the uncertainty involved in determining 
the best time for transplantation, a lengthy delay from decom¬ 
pensation to transplantation must be avoided. Severe debilita¬ 
tion with excessive weight loss (greater than 25%) and 
chronic uremia reduces the success rate of transplantation. 
Transplantation is not a salvage operation, and cats that 
severely debilitated should not be considered for it. Attempts 
to reverse the debilitation in these cats with enteral nutrition 
ia a feeding tube have been disappointing. 1 Hemodialysis 
to control azotemia and uremic symptoms has been quite 
successful, but peritoneal dialysis is not advised because of 
frequent complications, including peritonitis. 


as- 


now 


CANDIDATE SELECTION 


or 


Ideally, a feline candidate for kidney transplantation should have 
no medical problems other than kidney failure. Renal diseases 
appropriately treated with transplantation include acquired 
conditions (e.g., chronic interstitial nephritis, toxic nephropathy, 
membranous glomerulonephropathy) and congenital disorders 
(e.g., renal dysplasia, polycystic kidney disease). Amyloidosis, 
pyelonephritis, and obstructive nephropathy from calcium 
oxalate nephrolithiasis are relative contraindications because 
of potential effects on the transplanted kidney. To avoid injury 
to the transplanted kidney, cats with ethylene glycol-induced 
renal failure should not be considered for transplantation until 
the ethylene glycol and its metabolites have been completely 
eb min a ted from the body. Hemodialysis may be 
ensure elimination of these metabolites. 

An extensive diagnostic evaluation (Box 259-1) should be 
performed prior to transplantation to identify contraindica¬ 
tions to the procedure. These tests commonly are performed 
locally, especially if significant travel to a transplantation 
center otherwise would be necessary, to avoid needless travel 

and expense for the owners of cats that turn out to be poor 
candidates. 


cats 

not 


necessary to 


The immunosuppression necessary to prevent graft (renal) 

rejection in an animal that previously has had pyelonephritis, 

a bacterial urinary tract infection (UTI), or an indwelling 

catheter may "reactivate" a latent infection. Infection 
cause 


may 

pyelonephritis in the transplanted kidney and activation 
of the rejection process. 1 Also, these animals are predisposed 
to overwhelming systemic infection. Such cats therefore are 
not ideal candidates, and a 1- to 3-week "test" course of 
cyclosporine (CyA) and prednisone prior to transplantation is 
recommended. 2 If urine culture results are positive after such 
a trial, transplantation should not be performed. 

Another potential contraindication to kidney transplanta¬ 
tion is inflammatory bowel disease (lBD).The variability of 
absorption of CyA in cats with IBD increases the risk of rejec¬ 
tion. Inflammatory bowel disease may also heighten immune 
system activation, making immunologic attack on the trans¬ 
planted kidney more likely. 1 Cats infected with the feline 
leukemia virus (FeLV) or the feline immunodeficiency virus 
(FIV) should also be excluded as candidates because of their 
increased susceptibility to infection. 

The immunosuppression associated with renal transplanta¬ 
tion has resulted in activation of Toxoplasma tissue cysts and 


are 


DONORS 


Because sufficient renal function can be provided even by a 
portion of just one kidney, unilateral nephrectomy for kidney 
donation does not diminish the quality of life or life span of 
the donor. 4 Kidney donors should be young cats that have been 
screened to ensure their general health (i.e., complete blood 
count [CBC], chemistry panel, urinalysis, and urine culture) 
and lack of infectious disease (FeLV, FIV, toxoplasmosis). 
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methods are used, the donor kidney is removed, Bushed with 
a storage medium, and stored in solution on ice until the 
recipient has been prepared. Hypothermic preservation of the 
harvested kidney has been reported in cats with storage times 
of up to 7 hours. 7 The advantages of cold preservation indude 
the need for only one surgical team, the additional time avail¬ 
able for vessel preparation after kidney harvest, and the longer 
time before ischemic injury occurs during anastomosis. 5 7 


Diagnostic Testing for Candidates for R enal 
Transplantation 


The following diagnostic tests should be performed for any 
animol being considered for renal transplantation; 

* Complete blood count (CBC) 

* Chemistry panel 

* Thyroid level determination 

* Feline leukemia virus (FeLV) and feline 
immunodeficiency virus (FIV) testing (cats) 

* Blood typing 

* Electrocardiogram (EKG) and echocardiogram 

* Thoracic radiographs 

* Abdominal ultrasonography 

* Toxoplasmosis titer 

* Urinalysis and culture 

* Blood pressure measurement 


RECIPIENT SURGERY 


Magnification (x3 to xlO) is required for anastomosis of the 
vessels and ureters in small dogs and cats. In dogs, the left 
common iliac vein is sutured to the renal vein in an end-to- 
side manner, and the iliac and renal arteries are sutured end- 
to-end. This technique was also initially reported for use in 
cats; however, it has been associated with neuropraxia and 
lameness of the pelvic limb on the side of the anastomosis.^ 
The technique currently preferred in cats is an end-to-side 
anastomosis of the renal vein to the caudal vena cava and of 
the renal artery to the aorta. The time from occluding blood 
flow to the kidney for harvesting to release of the vascular 
damps after anastomosis (warm ischemia time) should be 

kept to less than 60 minutes. 8 

Several techniques have been described for implantation 
of the donor ureter into the recipient bladder. A drop-in 
technique initially was used in cats, because the small diame¬ 
ter of the feline ureter (0.4 mm) makes primary anastomosis 
technically difficult, 10 With this intravesical technique, a 
ventral cystotomy is performed, and the ureter is brought into 
the bladder through a small incision in the dorsal bladder wall. 
The distal end of the ureter is either attached to the inside of 
the bladder with a single suture or left free in the bladder 
lumen. Obstruction of the ureter by granulation tissue 
frequent complication of this technique, therefore it has been 

replaced by the mucosal appositional technique. 11 

For mucosal apposition, an operating microscope is used to 
allow visualization of the distal end of the ureter, which is 
incised longitudinally and then sutured to the bladder mucosa 
in a simple interrupted pattern. Ureteral obstruction is less 

with this technique; however, partial obstruction 
may still be seen in the immediate postoperative period. An 
extra vesical technique was recently described and may reduce 
the incidence and severity of postoperative obstruction. With 
this procedure, a seromuscular incision is made in the ventral 
surface of the urinary bladder, avoiding a large cystotomy, and 
a small incision is made in the mucosa at the caudal aspect of 
the seromuscular incision. The ureteral mucosa is sutured to 
the bladder mucosa, and the seromuscular layer is closed. In 
dogs either the intravesical or extravesical mucosal apposi¬ 
tional technique can be used. 6 

Before the abdomen is closed, the transplanted kidney is sta¬ 
bilized to the body wall by suturing of the kidney capsule to a 
pocket in the retroperitoneal membrane or to a muscle flap cre¬ 
ated in the transversus abdominis muscle. 5 8 This helps prevent 
graft torsion and vessel avulsion in the postoperative period. In 
dogs, the native kidneys are usually removed to minimize sys¬ 
temic hypertension unless delayed graft function is suspected. 6 
The native kidneys are usually preserved in cats. In all recipi¬ 
ents, biopsy of one of the native kidneys should be performed. 


An intravenous pyelogram allows evaluation of renal struc¬ 
ture. Donor cats ideally are the same size or bigger than the 
recipient, but no more than 0.5 kg smaller Most programs 
require the recipient family to adopt the donor cat. 


PREOPERATIVE MANAGEMENT 


The cat that is to receive a new kidney (the recipient) should 
be admitted to the hospital several days prior to the scheduled 
transplantation surgery. The recipient is cross-matched to 
several potential donors, and any further evaluation of the 
donor or recipient should then be completed. Intravenous 
fluids are given at a rate that maintains hydration or that 
provides diuresis if the blood urea nitrogen (BUN) is greater 
than 100 mg/dL, If anemia has not been corrected by previ- 
erythropoietin therapy, blood transfusions can be given to 
achieve a target packed cell volume (PCV) of 30% or higher. 
Cyclosporine (NeOral, 3 to 4 mg/kg given orally twice daily) 
is administered starting 1 to 2 days before surgery. Prednisone 
(1,mg/kg given orally twice daily) is started the d ay of surgery. 
Enteral nutrition is provided by feeding tube if the recipient 
cat is not eating voluntarily. Blood samples for determination 
of CyA concentrations are submitted the morning of surgery. 
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common 


DONOR SURGERY 


not used, anesthesia is 


If kidney preservation methods are 
induced in the donor cat approximately 30 minutes before 

the recipient. The donor is given mannitol 
(0.25 to 1 g/kg) intravenously prior to harvesting the kidney 
to protect against acute tubular necrosis associated with warm 
ischemia, 5 The left kidney is preferred for transplantation 
because of the longer renal vein. If two renal veins are present, 
the smallest is ligated and the largest prepared for anastomosis. 
Kidneys with two renal arteries are usually avoided in cats 
because both would need to be preserved to ensure adequate 
renal blood flow. Preservation and anastomosis in dogs with 

two renal arteries has been reported. 6 

Once the recipient vessels have been prepared, the donor 
kidney is removed and flushed with ice-cold heparinized 
saline solution. The surgical team working with the donor 
closes the abdominal incision while the team working with the 
recipient performs the vascular anastomosis. If preservation 


induction in 


PERIOPERATIVE MANAGEMENT 
AND COMPLICATIONS 


Postoperative treatment should include fluid therapy, 
immunosuppressive drugs, analgesia, and careful monitoring 
of the hematocrit, electrolyte balance, and cardiovascular status. 
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Blood pressure should be monitored every 1 to 2 hours after 
surgery for the first 48 hours. Hypotension in the postopera¬ 
tive period is dangerous to graft function because of decreased 
renal blood flow and an increased risk of vessel thrombosis. 
Hypertension is also dangerous in the postoperative period 
because it has been associated with central 


1 to 3 months, the CyA dosage can be reduced to achieve 
trough levels of 350 to 450 ng/mL, Fluorescent immunoassay 
(TDx-FLx assay) yields whole blood levels 1,5 to 4.2 times 
higher 5 If HPLC is not readily and reliably available, compar- 
ison of HFLC to TDx-FLx values in a minimum of three 
samples in an individual cat can provide a conversion rela¬ 
tionship that allows correct clinical decisions to be made in 
many cats, 16 

An excess of circulating CyA can cause nephrotoxicity. In 
humans, values above 1000 ng/mL are associated with azotemia, 
but many cats tolerate higher levels (up to 3000 ng/mL) before 
renal toxicity becomes apparent. 17 In contrast, some cats 
have developed CyA nephrotoxicity at trough levels of 700 

800 ng/dL, 5 The 


nervous system 

[CNSJ disorders, including seizures. 12 The urine specific gravity 

and serum BUN and creatinine concentrations should be 

monitored daily, and these parameters usually improve within 
12 to 72 hours after surgery. s 

Complications seen in the immediate postoperative period 
may include vessel torsion, hemorrhage, or thrombosis; ureteral 
leakage or obstruction; malignant hypertension; neurologic 
abnormalities; and delayed graft function. 12 - 13 Delayed graft 
function associated with ischemia-reperfiision injury or partial 
ureteral obstruction results in lack of improvement in kidney 
function after surgery. If improvement is not seen within a 
few days of surgery, abdominal ultrasonography should be 
performed to assess blood flow in the renal vessels and to 
evaluate the transplanted ureter for dilatation, which may 
indicate obstruction. Complete ureteral obstruction or leak¬ 
age of urine from the uretero neocyst ostomy site would 
require additional surgery to correct the abnormality. 
Intestinal intussusception has been reported in dogs after 
transplantation. 6 


to 


creatinine concentration rarely 
exceeds 2 to 3 mg/dL from CyA toxicity. Increases in the 

creatinine concentration usually occur 1 to 2 days after 
the CyA level reaches high values and normally decline within 
1 to 2 days of a decrease in the drug to acceptable levels. 5 
Adverse effects of CyA in cats include mild GI signs. Dogs 
may exhibit gastrointestinal irritation, weight loss, gingival 
hypertrophy, papillomatosis, shedding, and hypertrichosis. 

Prednisone is a standard component of transplantation 
immunosuppression. It inhibits production of some cytokines 
(IL-1, FL-6, gamma interferon) that are essential for T-cell 
production and function. Prednisone also inhibits production 
of local chemotactic factors, prostaglandins, thromboxanes, 

and leukotrienes. By 1 month after surgery, the initial dosage 
of 1 mg/kg given every 12 hours can be reduced to 0.5 to 
1 mg/kg given orally every 24 hours. Other immunosuppres¬ 
sive drugs are rarely used in feline renal transplant recipients. 
Azathioprine (0.3 mg/kg given orally every 3 days) has been 
used in a few cases, but myelosuppression is a potential 
problem associated with this drug. In dogs, azathioprine has 
been used successfully with CyA and prednisone, but hepato- 
toxicity and pancreatitis are noted side effects. Leflunomide 
analogs are showing promise, but the expense makes this drug 
unlikely to become the first-line drug of choice. 


serum 


serum 


IMMUNOSUPPRESSION 


Cyclosporine is a calcineunn inhibitor that blocks the transcrip¬ 
tion of mterleukin-2 (IL-2), impairing T-helper and T-cytotoxi. 
lymphocytes. CyA is not myelosuppressive and has no effect 
nonstimulated lymphocytes, thus preserving nonspecific 
host resistance to infection. The decrease in IL-2 also results in 
a decrease in other mediators that cause rejection. Prednisone 
and CyA are synergistic and inhibit T-cell proliferation. 

CyA is available as a microemulsified form (NeOral, 
Novartis Pharma AG, Switzerland; Gengraf, Sangstat Medical 
Corp., Cambridge, MA), The bioavailability of this formula¬ 
tion is greater and less variable than that of the 


on 


MONITORING 


. . _ , , nonmi- 

croemulsired formulation (Sandimmune, Norvartis), primarily 

because of more reliable gastrointestinal (GI) absorption. These 

forms are not interchangeable. The oral form is bitter and 

should be put in a gelatin capsule. CyA is also available as an 

intravenous formulation. All forms of CyA must be protected 
from light. 

CyA is cleared by the cytochrome p-450 system. Drugs 
that induce p-450 enzymes (e.g., phenobarbital) reduce CyA 
levels Drugs that compete for clearance by p-450 (e.g., cime- 
tidine, ketoconazole, erythromycin) increase CyA levels. 
Ketoconazole increases blood levels of CyA twofold in cats and 
twofold to threefold in dogs. lJ *- 15 Although this reduces the 
dosage of CyA needed to maintain therapeutic levels, the indi¬ 
vidual variations in effect and the risk of hepatotoxicity are 
undesirable. Certain drugs, such as ranitidine, aminoglycosides, 
trimethoprim, or sulfamethoxazole, can potenti a te renal dam age. 

Because of variations in absorption and metabolism and 
because the therapeutic window is relatively narrow, CyA 
blood levels must be closely monitored. The appropriate 
target range depends on the methodology, sample type, and 
time after transplantation. Whole blood levels are generally 
higher than plasma levels, because CyA is extensively bound 
to the red blood cells. High-performance liquid chromato¬ 
graphy (HPLC) provides the most reliable results. Other 
methods, including immunoassays that use polyclonal or 
monoclonal antibodies, measure the parent compound and 
metabolites, which vary in their immunologic effect. Trough 
levels of 400 to 600 ng/mL as measured by HPLC in whole 
blood are recommended for the first month. After the first 


Weekly examination is recommended for the first month after 
transplantation. At each examination the BUN, creatinine, 
cyclosporine levels, PCV, and body weight are evaluated. The 
owner should bring in a urine sample for assessment of the 
urine specific gravity; cystocentesis and urinary catheteriza¬ 
tion should be avoided to reduce the risk of inducing urinary 
tract infection. Each examination should he arranged so that a 
trough CyA level can he drawn. The owner should administer 
the next dose immediately after blood sampling to 
the dosing schedule. 

As the cat clinically improves and the CyA levels stabilize, 
examinations are reduced to every 2 weeks for a month, then 
monthly for 3 months. At that point, quarterly 
are usually sufficient. Urine culture, complete chemistry 
panel, and CBC are performed two to four times a year, and a 
cardiac consultation should be done yearly. Monthly measure¬ 
ment of antibody titers to Toxoplasma gondii for the first 
6 months has been recommended. 10 


maintain 


examinations 


COMPLICATIONS 


Rejection 

Hyperacute rejection from preformed antibodies occurs in the 
first several hours after transplantation and has not been 
reported in clinical cases. In the absence of immunosuppres¬ 
sion, acute rejection results in destruction of the kidney in 5 to 
8 days. Acute rejection is typically reported within the first 
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may exacerbate the hypertension. Diligent blood pressure 
monitoring for at least 48 hours after surgery is advised. If 
hypertension develops, treatment with a fast-acting antihy¬ 
pertensive agent is indicated (e.g., hydralazine, 2.5 mg given 

sub cuta n eously) . 3 

Infection 

The immunosuppression necessary to prevent rejection pre¬ 
disposes recipients to infection. Over 50% of human trans¬ 
plant recipients develop infection in the first year, and 
bacterial UT] is the most common type. In humans, common 
infections (UT!, surgical wound infection, pneumonia) tend 
to occur more often in the first month, corresponding to the 
highest levels of immunosuppression. In cats, bacterial UT1, 
viral upper respiratory infections, toxoplasmosis, and a variety 

of fungal infections have been reported. 

Because CyA primarily interferes with cell-mediated 

immunity, unusual infections may arise. Toxoplasmosis has 
caused fatal infections in three cats and one dog. 16 Infections 
occurred 3 weeks to 6 months after surgery and were associ¬ 
ated with administration of increased immunosuppressive 

medications in three of the four cases. Transmission of toxo¬ 
plasmosis from the donor to the recipient was suspected in 

- reactivation of latent infection was suspected in the 
three with high levels of immunosuppression. Close monitor¬ 
ing of seropositive recipients after surgery is recommended, 
and treatment with clindamycin is advised if titers rise. 
Transplant recipients should avoid situations that might expose 
them to large numbers of other cats, including boarding 

kennels. 

Neoplasia 

Human renal transplant recipients on long-term immuno¬ 
suppressive therapy have a higher rate of neoplasia compared 
to the general population. The rate of de novo cancer in feline 
renal transplant recipients is 9,5% to 14%. Lymphosarcoma is 
the most common neoplasm. Other reported malignancies 
include squamous cell carcinoma, malignant round cell 
tumors, hepatic carcinoma, bronchogenic adenocarcinoma, 
transitional cell carcinoma, and intestinal adenocarcinoma. 520 

Miscellaneous Complications 

A variety of other complications have been reported. 
A hemolytic-uremic—like syndrome was reported in three 
cats 21 ; it was characterized by hemolysis, thrombocytopenia, 

and thrombotic microangiopathy. Intrarenal thrombosis leads 
to renal cortical necrosis. In children, this syndrome is typi¬ 
cally caused by £, coli 0157:H7 endotoxin; other causes in 

renal transplant recipients include acute vascular rejection, 
lignant hypertension, and nephrotoxicity arising from 
CyA, tacrolimus, or antilymphocyte antibody administration. 
In cats, the outcome has been graft failure and death. 
Retroperitoneal fibrosis, characterized by the development of 
fibrous tissue around the ureter and renal capsule, has been 
encountered. Surgical debulking of this tissue can relieve 
ureteral obstruction and renal compression. 22 Hypercalcemia 
was reported in one cat as a result of primary hyperparathy¬ 
roidism. 23 Prednisone and CyA have been implicated in the 
development of post-transplantation diabetes mellitus, which 

has been recognized in cats. 24 


2 to 3 months or at any time CyA levels decline to sub thera¬ 
peutic values. Early clinical signs, which may be vague, include 
general malaise, vomiting, anorexia, and depression; the 
serum creatinine concentration may not be elevated in early 
rejection. Aggressive antirejection therapy should be started 
with any suspicion of rejection to reduce the damage to the 
kidney. Intravenous CyA ts administered over 4 to 6 hours 
(i.e., 6.6 mg/kg given every 24 hours, or 4 mg/kg given twice 
daily diluted in 20 to 100 mL of 0.9% saline or 5% dextrose). 

Intravenous prednisolone sodium succinate (10 mg/kg given 
every 12 hours) is also administered. Intravenous fluid therapy 
is administered to maintain hydration. The BUN and creati¬ 
nine concentrations should improve within 24 to 48 hours. 
Once these concentrations have normalized and the cat is 
taking food, intravenous medications can be changed to the 

oral form. 

Chronic allograft nephropathy can be caused by chronic 
rejection or nonimmunologic factors. Arterial hyperplasia, 
which leads to graft ischemia, is the predominant lesion of 
chronic allograft nephropathy. Nonimmunologic factors, such 
as glomerular hyperfiltration due to small kidney size and a 
reduced number of nephrons, hypertension-induced vascular 
injury, and cyclosporine toxicity, have not been recognized as 
major problems in feline transplantation. Graft survival in cats 
with chronic allograft nephropathy is about 3 years. 


one case 


Ureteral Obstruction 

Ureteral obstruction caused by stricture formation occurs 
most commonly 7 to 14 days after surgery. Signs include 

in the creatinine concentration, a decrease in the 


an 


increase 

urine specific gravity, and a dilated renal pelvis and/or ureter 
on abdominal ultrasonography. Surgical revision of the 
neoureter ostomy site is indicated. Use of a mucosal apposition 
surgical technique has markedly reduced the incidence of 
this complication. Obstruction secondary to retroperitoneal 

fibrosis, an uncommon cause, occurs at 1 x k to 5 months after 




30 






surgery. 

Neurologic Signs 

A variety of neurologic signs can be encountered in the post¬ 
operative period, including seizures, disorientation, obtunda¬ 
tion, or coma. 19 In humans, several potential causes have been 
identified, including infection, hypertension, CyA toxicity, 
hypomagnesemia, uremic encephalopathy, erythropoietin 
thetapy, and underlying neurologic disease. 12 Cyclosporine has 
been associated with postoperative neurologic signs, although 
CyA levels have not been consistently increased in cats that 
showed neurologic abnormalities. An immediately function¬ 
ing graft has been proposed to decrease solute concentrations 
rapidly, as in dialysis disequilibrium syndrome, a neurologic 
complication associated with rapid osmolar shifts. A BUN 
concentration greater than 100 mg/dL and a serum creatinine 
concentration greater than 10 mg/dL increase the risk of CNS 
disease by tenfold; preoperative hemodialysis should he 
considered in this population. 12 Control oi hypertension post- 
operatively reduces neurologic signs, making hypertensive 
cephalopathy a plausible cause of such signs. 3 

Hypertension 

Severe hypertension that occurs in the first 48 hours after 
surgery can lead to neurologic signs, ataxia, stupor, seizures, 
blindness, ocular hemorrhage, or retinal detachment. The 

for the development of postoperative hyper¬ 
tension is unknown. Preoperative hypertension does not pre¬ 
dict postoperative hypertension, although volume expansion 
during surgery may play a role. Vasoactive substances gener¬ 
ated in the transplanted kidney during the warm ischemia 
time may be released when the vascular clamps are opened, 
resulting in hypertension. Pain associated with the surgery 
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exact reason 


The outcome after transplantation has improved as veterinary 
surgeons have gained more experience with the procedure. 
Perioperative mortality is approximately 25%* For cats 
discharged from the hospital, the 6-month survival rate is 60% 
70%. Mortality is highest in the first 6 months after surgery. 


to 
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Older age at surgery [over 10 years] predicts a worse out¬ 
come, particularly in the first 6 months, but in one study these 
deaths were not attributed to age-related diseases, 12 The over¬ 
all 3 -year survival rate is 40% to 50%. 5 -< 2 In one study one 
third of deaths were due to allograft rejection, i* CNS disease, 
neoplasia, viral upper respiratory infection, hemolytic-uremic 
syndrome, gastrostomy tube peritonitis, and a variety of other 
causes of death have also been reported. 


reported, but antithymocyte serum is not commercially avail- 
abie.G Protocols involving leflunomide, CyA, and prednisone, 
or CyA, azathioprine, and prednisone are undergoing evalua¬ 
tion in unrelated dogs that are haplotype mismatched. 


SUMMARY 


Renal transplantation provides a method of treating end-stage 
renal disease in cats. S uccessful long-term outcomes are possible, 
with improved quality of life in addition to prolonged longevity! 
Careful patient selection is advised. Long-term immuno¬ 
suppression is necessary. Multiple complications have been 
encountered, but improvements in surgical technique, man¬ 
agement, and monitoring are gradually extending the average 
survival time of transplant recipients. The procedure i 
becoming more widely available, and more clients 
ing evaluation and referral of their pets. 


CANINE TRANSPLANTATION 


Renal transplantation is not as well established in dogs as in 
cats. Problems with the efficacy and toxicity of immuno¬ 
suppressive drugs in dogs make sufficient immunosuppression 

difficult. Unacceptable GJ toxicity of many immuno¬ 
suppressive drugs precludes their routine use. Long-term 
survival in unrelated dogs using rabbit antidog antithymocyte 
serum, CyA, azathioprine, and prednisone have been 
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OVERVIEW OF CHRONIC KIDNEY DISEASE 


Chronic Kidney Disease—Defined 

Kidney disease is defined as the presence of functional 

structural abnormalities in one or both kidneys. It is recog¬ 
nized by reduced kidney function or the presence of kidney 
damage. Kidney damage is defined as either (!) microscopic 
or macroscopic renal pathology detected by kidney biopsy or 
direct visualization of the kidneys or (2) markers of renal 
damage detected by blood or urine tests or imaging studies 
{Box 260-1). 3 The severity and clinical implication of kidney 
disease varies greatly depending on the magnitude of kidney 

involvement. 

CKD is defined as (I) kidney damage that has existed for 
at least 3 months, with or without decreased glomerular 
filtration rate (GFR), or (2} a reduction in GFR of more than 
50% from normal persisting for at least 3 months. The authors 
recommend that a duration of at least 3 months be used as the 
benchmark criterion for confirming the diagnosis of CKD based 
the observation that renal compensatory hypertrophy 
and improvement in renal function may continue for up to 
3 months after acute loss-of nephrons. 


Chronic kidney disease (CKD) is the most common kidney 
disease in dogs and cats. Regardless of the cause or causes of 
nephron loss, CKD is characterized by irreversible structural 
lesions. After correcting any reversible primary diseases 
and prerenai or postrenal components of renal dysfunction, 
further improvement in kidney function should not be 
expected in patients with CKD, because compensatory and 
adaptive changes designed to sustain kidney function have 
largely already occurred. However, unless additional kidney 
injury occurs or CKD is very advanced, rapid deterioration of 
intrinsic kidney function is also unusual. The magnitude of 
kidney dysfunction typically remains stable or slowly declines 
over months to years. 12 However, it may not be necessary for 
the disease process responsible for the initial kidney injury 
to persist for progressive dysfunction to occur. Therefore irre¬ 
spective of underlying causes, CKD is often described 
irreversible and progressive disease. 

Patients with CKD often survive for many months to years 
with a good quality of life. Although 

can 


or 


as an 


on 


as yet no treatment 
correct existing irreversible kidney lesions of CKD, the 
clinical and biochemical 

function can 


Terms and Concepts Related to Kidney Disease, 
Kidney Failure, and Uremia 

Use of the terms kidney disease , kidney insufficiency, kidney 
failure, azotemia, and uremia as synonyms may result in misdi¬ 
agnosis and formulation of inappropriate or even contraindi¬ 
cated therapy In addition, it may result in misinterpretation of 


consequences of reduced kidney 
often be ameliorated by supportive and symp¬ 
tomatic therapy. In addition, therapy may be designed to 

interrupt mechanisms that contribute to the self-perpetuation 
of progressive CKD. 
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Kidney function adequate for homeostasis does not require 
that ail nephrons be functional. The concept that adequate 
kidney function is not synonymous with normal kidney func¬ 
tion is of importance in understanding the difference between 
kidney disease and kidney failure; formulating meaningful 
prognoses; and formulating therapy. The term kidney failure is 
analogous to liver failure or heart failure in that a level of 
organ dysfunction is described rather than a specific disease 
entity. Similarly the term kidney insufficiency implies kidney 
dysfunction, but at a level that is less severe than kidney 
failure. The kidneys perform multiple excretory, regulatory, 
and biosynthetic functions including selective elimination of 
waste products of metabolism from the body, maintenance of 
fluid, acid-base and electrolyte homeostasis, and synthesis of a 
variety of hormones. Failure to perform these functions may 
not be an all or none phenomenon. For example, in slowly pro¬ 
gressive kidney diseases, failure to appropriately concentrate 
or dilute urine according to body need typically precedes failure 
eliminate waste products of metabolism of such magnitude 
that it causes azotemia. In turn, laboratory detection of 
impaired ability to eliminate waste products of metabolism 
[such as urea and creatinine) and to maintain electrolyte and 
nonelectrolyte solute balance within normal limits typically 
precedes the onset of polysystemic signs of kidney dysfunc¬ 
tion. Clinical signs and polysystemic disorders caused by 
abnormalities of water, electrolyte, acid-base, endocrine, and 
nutrient balance are not invariably present in patients with 
primary kidney failure (i.e., not all patients with primary 
kidney failure are uremic). This is related, at least in part, to 
the reserve capacity of the kidneys and the ability of unaf- 

dergo compensatory hypertrophy and 
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Markers of Kidney Damage 


Blood Markers 

Elevated blood urea nitrogen (BUN) concentration 
Elevated serum creatinine concentration 
Hyperphosphatemia 
Hyperkalemia or hypokalemia 

Metabolic acidosis 
Hy poa Ibu m inem ia 


Urine Markers 

Impaired urine-concentrating ability 

Proteinuria 

Cylinduria 

Rena I hematu ria 

Inappropriate urine pH 

inappropriate urine glucose concentration 
Cysti n urio 

Imaging Markers—Abnormalities in Kidney 

Size 

Shape 

Location 

Density 

Number 


to 


fected nephrons to un 
hyperplasia. 

In dogs, acute loss of two thirds or more of functional 
nephrons is associated with loss of adequate urine-concentrating 
ability, whereas acute loss of three fourths or more of functional 
nephrons results in azotemia. However, over the subsequent 
weeks to months, urine-concentrating ability and excretory 
function improve as a consequence of compensatory hyper¬ 
trophy and hyperplasia of surviving nephrons. As a conse¬ 
quence, 3 months after loss of three fourths of functioning 
nephrons, renal concentrating ability is often adequate and 
azotemia is no longer present. Chronic renal insufficiency 
therefore implies a 75% reduction in GFR that typically 

loss of substantially more than 75% of the 


•Markers must be confirmed to be of renal origin to be evidence of 
kidney damage. 
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epidemiologic data. For example, in the past, confusion has 
occurred in the interpretation of statistics about the frequency 
of kidney lesions reported by pathologists. Some investigators 
misinterpreted data regarding the frequency of morphologic 
evidence of kidney disease and suggested that all cases with 

kidney disease had kidney failure. 

Kidney disease should not be used synonymously with 
kidney failure or uremia. Depending on the quantity of renal 
parenchyma affected and the severity and duration of lesions, 
kidney disease or diseases may or may not cause kidney 
failure or uremia. The clinical relevance of the difference 
between kidney disease and kidney failure is emphasized by 
the fact that symptomatic and supportive therapies designed 
to correct fluid, electrolyte, acid-base, nutrient, and endocrine 
imbalances in patients with kidney failure typically are not 
appropriate for patients with kidney disease without kidney 

dysfunction. 

Kidney disease may affect glomeruli, tubules, interstitial 
and vessels. Some kidney diseases may be associated 

, some forms of nephrogenic diabetes 
forms of renal tubular acidosis) or 


corresponds to 
functional nephrons. 

Azotemia is defined as an abnormal concentration of urea, 
creatinine, and other nonprotein nitrogenous substances in 
blood, plasma, or serum. Azotemia is a laboratory finding with 
several fundamentally different causes. Because nonprotein 
nitrogenous compounds (including urea and creatinine) are 
endogenous substances, abnormally elevated concentrations in 

_may be caused by an increased rate of production (by 

the liver for urea; by muscles for creatinine), or by a decreased 
rate of loss (primarily by the kidneys). Because azotemia may 
be caused by factors that are not directly related to the urinary 
system and by abnormalities of the lower urinary tract (LUT) 
not directly related to the kidney, azotemia should not be used 

synonym for kidney failure or uremia. Although the 
concentrations of serum urea nitrogen (SUN! and creatinine 
commonly used as crude indices of GFR, meaningful inter¬ 
pretation of these parameters depends on recognition and eval¬ 
uation of prerenal, primary renal, and postrenal factors that 

may reduce GFR. 

Uremia is defined as (1) abnormal quantities of urine 
constituents in blood caused by primary generalized kidney 
disease and (2) the polysystemic toxic syndrome which occurs 

result of abnormal kidney function. When the structural 
and functional integrity of both kidneys has been compromised 
to such a degree that polysystemic signs of kidney failure are 


serum 


tiss ue, 

with dysfunction (e.g 

insipidus and some 
biochemical abnormalities (e.g., cystinuria) without detectable 

morphologic alterations. Others may be associated with 
orphologic kidney disease (anomalies, infections, endoge¬ 
nous or exogenous toxin-induced lesions, immune-mediated 
lesions, damage caused by hypercalcemia and other mineral 
imbalances, traumatic lessons) that affects one or both kidneys 
with variable effects on kidney function. The specific cause or 

of kidney disease or diseases may or may not be known; 
however, quantitative information about kidney function 
or dysfunction) is not defined or implied by the term kidney 

disease . 
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clinically manifested, the relatively predictable symptom 
complex called uremia appears, regardless of underlying 
In some instances, uremic crises may suddenly be precipitated 
by prerenal disorders or, less commonly, postrenal disorders in 
patients with previously compensated primary kidney failure. 
Uremia is characterized by multiple physiologic and metabolic 
alterations that result from impaired kidney function. 

In summary, kidney disease may precede kidney insuffi¬ 
ciency and failure, and likewise, kidney insufficiency and 
failure may precede uremia. In some situations, kidney disease 
may not progress to kidney insufficiency or failure In others, 
prerenal events may precipitate a uremic crisis in patients 
with chronic kidney insufficiency or failure. In untreated 
patients with kidney disease, uremia is always accompanied by 
kidney failure and azotemia. 

Staging Chronic Kidney Disease 

Patients with CKD can be categorized into stages along a 
continuum of progressive kidney disease. 4 The value of staging 
CKD is to facilitate application of appropriate clinical prac¬ 
tice guidelines for diagnosis, prognosis, and treatment. The 
International Renal Interest Society (IRIS) has proposed 
four-tier system for staging CKD in dogs and cats [Box 260-2 
and 260-3; Figures 260-1 and 260-2). Although the specif! 

values used to categorize patients with CKD into these stages 
are inherently arbitrary, staging is nonetheless useful for estab¬ 
lishing prognosis and managing patients with CKD. 

The stage of CKD is assigned based on the level of kidney 
function. The level of GFR is accepted as the best measure of 
overall kidney function in health and disease. 3 Ideally, the 
stage of CKD would be assigned based on measured GFR 
values. However, because of technical and 
straints, GFR is usually estimated in dogs and cats by 


cause. 


Stages of Feline Chronic Kidney Disease 




Stage 1 (Nonazotemic) 

m • a a _ f ^ ■ ■*. ■ v » *♦ “* Mb 

Markers of renal disease present 
Creatinine < 1.6 mg/dL (< 140 pmof/L) 
Proteinuria: Classify—P/NP/BP 
Hypertension: Classify—Hc/Hnc/NH/BH/HND 
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Stage 2 (Mild Renal Azotemia) 

Markers of renal disease present ;i 
Creatinine 16-2,8 mg/dL (140-250 pmol/L) 
Proteinuria: Classify—P/NP/BP 

H y p ert ens ion: CI a ssify—Hc/Hnc/N H/BH/HND 
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Stage 3 (Moderate Renal Azotemia) 

Creatinine 2.3-5.0 mg/dL (251-440 pma!/L) 
Proteinuria: Classify—P/NP/BP 
Hypertension: Classify—Hc/Hnc/NH/BH/HND 
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Stage 4 (Severe Renal Azotemia) 

Creatinine > 5.0 mg/dL (> 440 jimal/L) 
Proteinuria: Classify—P/NP/BP 
Hypertension; Classf 
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P, Proteinuria; NP f nonproteinuria; BP t borderline proteinuria; 

He, hypertenrion with complications; Hnc, hypertensive with no 
complications; NH, nonhypertensive; BH, borderline hypertensive; 
HND, hypertension not determined. 


economic con- 

serum 


(or pi asma) creatinin e con centration. Limitations on specificity 
and sensitivity of serum creatinine concentration as an estimate 
of GFR can lead to misclassification. Ideally, two 
serum creatinine values obtained when the patient is fasted 
and well hydrated should be determined over several weeks to 
stage CKD. Further, variations between laboratories, patient- 
specific characteristics [e.g., breed, age, gender, body condi¬ 
tion, and lean body mass) and transient prerenal and postrenal 
events may influence serum creatinine values. Reduced 
muscle mass, a common manifestation of advanced CKD, 
may result in a substantial reduction in serum creatinine 
concentration relative to true GFR. Greyhounds reportedly 
have higher serum creatinine concentrations, presumably 
due to their athletic nature. 5 Because of these variations, pub¬ 
lished reference ranges for serum creatinine are often exceed¬ 
ingly broad. Using the staging system described here, some 
patients classified as having mild renal azotemia (stage 2) may 
have serum creatinine values within published reference 
ranges. As a consequence, the patient's overall clinical status 
should be considered when interpreting serum creatinine 
concentration and other laboratory tests and when planning 
patient management. 

Stage 1 CKD includes dogs and cats with CKD that are not 
azotemic, whereas stage 2 CKD includes dogs and cats that 
mildly azotemic (see Boxes 260-2 and 260-3), Patients in these 
stages of CKD typically do not have clinical signs of kidney 
dysfunction with the exception of polyuria and polydipsia. 
Occasionally cats with stage 2 CKD may have weight loss or 
selective appetites. However, patients may have clinical signs 
resulting from their kidney lesions (e.g. ( acute pyelonephritis, 
nephrolithiasis). Patients with m arked p rotein uria or systemic 
hypertension due to CKD may have clinical signs related to 
these aspects of kidney disease. Renal function is often stable 
for an extended period in nonproteinuric, nonhypertensive (NH) 
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Stages of Ca nine Chronic Kidney Disease 
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Stage 1 (Nonazotemic) 

Markers of renal disease present 
Creatinine < 14 mg/dL (< 125 pmot/L) 

Proteinuria: da ssify—(P/NP/BP) 

Hy pe rt e nsion: d assify—(Hc/Hnc/NH/B H/HN D) 
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Markers of renal disease present 

Creatini n e 1.4-2.0 mg/d L (125-180 pm ol/L) 

Proteinuria: classify—(P/NP/BP) 

Hypertension: ciassify—(Hc/Hnc/NH/BH/HND) 
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Stage 3 (Moderate Renal Azotemia) 
Creatinine 2,15.0 mg/dL (181-440 pmol/L) 
Protei nu ria: Cla ssify—(P/N P/BP) 
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Oeotlnine > 5.0 mg/dL (> 440 pmol/L) m ^ 

Protein u ria: Classify—(P/N P/BP) 

Hy pert ension: Classify—(Hc/Hnc/N H/BH/H ND) 


P, Proteinuria; NP, nonproteinuria; BF t borderline proteinuria; 
Hq hypertension with complications; Hnc t hypertensive with 
no complications; NH f nonhypertensive; BH r borderline 

hypertensive; HND, hypertension not determined. 
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SECTION XVIII 


* Urinary System 


Feline patient 


Markers of kidney 

disease 


Measure blood 
creatini n e 


Continued on page 1761 


Creatinine <1.6 mg/d I 


Creatinine 

1.6-2.8 mg/d I 


Clinical evaluation 


Measure urine 
specific gravity (SG) 


Firm evidence of renal 
insufficiency absent 
Reevaluate within 
6 months 


Firm evidence of renal 
insufficiency present 


<1.030 




Radiographs 

and/or ultrasound, 

protein/creatinine 

ratio, blood pressure, 
urine culture 


Classify as stage 1 
Evaluate proteinuria 
Evaluate blood 
pressure (classify as 
proteinuria or non- 
proteinura [P/UP] 
and hypertensive 
vers u s non hyper¬ 
tensive [H/NH]) 


Abnormal 


Normal 


Classify as 

prerenal, renal 
(stage II ; 

P/NP; H/NH), 

or postrenal 


Reevaluate 

within 

2 months 




I nitiate treatment 


Initiate 

treatment 


Figure 260-2 Classification of feline chronic kidney disease (CKD) based on serum creatinine con¬ 
centrations. Firm evidence of renal disease would generally be morphologic, such as abnormal renal 
architecture on survey radiographs, abnormal renal ultrasound findings, or biopsy- diagnosis of renal dis¬ 
ease. Classification of prerenal azotemia (generally due to dehydration or renal ischemia) or postrenal 
azotemia (generally due to ureteral obstruction, urethral obstruction, or a rupture of a portion of the 
urinary tract) is based on careful evaluation of the history and physical examination and other clinical 
imaging findings. Classification of azotemia as renal is based on the presence of azotemia with no 
identifiable prerenal or postrenal causes and urine specific gravity (USG) less than 1.040. peveloped 
by the International Renal Interest Society www.iris-kidney.com. Used with permission.) 


dogs and cats with stages 1 and 2 CKD. However, when 

gression does occur in this group of patients, it may 

largely as a consequence of their primary kidney disease. 4 

Patients with stages 1 and 2 CKD should be evaluated with 

the goals of identifying and providing specific treatment for 

their primary kidney disease. In addition, renal function should 

be monitored to assess for possible progression of their kidney 
disease. 


to their loss of kidney function; however, with appropriate 
treatment, they typicaUy do not have clinical signs of overt 
uremia. Patients with stage 3 CKD may progress due to inher¬ 
ent mechanisms of spontaneous progression, as well as their 
underlying kidney disease. Therefore in addition to identifying 
and treating primary kidney disease, therapy designed 

modify factors promoting progression of renal disease may be 
of benefit to these patients. 

Stage 4 CKD includes dogs and cats with severe azotemia 
(serum creatinine values greater than 5.0 mg/dL). This stage 


pro- 
oecur 


to 


Patients with moderate azotemia 


are classified as stage 
3 CKD, Patients in this stage may have clinical signs referable 
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Continued from page 1760 


Creatinine 
>2.8 mg/di 


Clinical evaluation 


Azotemia classified 

as renal 


Azotemia classified as 
prerenal or postrenal 


Clinical evaluation 


Correct underlying 
abnormalities 
Reevaluate 


Renal database 


Classify as 
stage III or IV 
Eva I uate proteinu ria 
Evaluate blood 
pressure (classify as 
P/NP; H/NH) 


If SG >1.040 


Abnormal 


If SG 1.030-1.040 


Correct 
underlying 
extrarenal 
abnormalities 
Ree va luate 
immediately 


Reevaluate 
creatinine within 
6 months 


Reeval u ate 
creatinine within 
1 month 


t 




Initiate treatment 


Reeval u ate 








Creatinine >1.6 mg/d! 


Creatinine <1.6 mg/dl 


i 


Reeval uate with in 
12 to 24 months 


Radiographs and/or ultrasound, 
protein/creatinine ratio, blood 
pressure, urine culture 


C lass ify as stage I - IV, P/N P, 

and H/NH 


I nit iate t re atm e nt 


0.5 and 1,0 are classified as borderline proteinuric (BP). 
Values less than 0 5 are classified as nonproteinuric (NP). 
Patients with borderline proteinuria should be re-evaluated 
after 2 months to reassess classification. In some patients, 
classification of proteinuria may change due to the natural 
course of their disease or in response to therapy. The role of 
microalbuminuria in this classification scheme remains to be 
determined. 

The lack of consensus as to what blood pressure values 
constitute hypertension in dogs and cats obfuscates any classi¬ 
fication of patients as to their hypertension status. It is likely 
that *" 0001131 " blood pressure values for dogs and cats will 
change as more data become available. The IRIS has proposed 
the following hypertension classification system for dogs 


is also called chronic kidney failure and is frequently associated 
with clinical signs that occur as a consequence of loss of 
kidney function. Diagnostic and therapeutic initiatives in this 
stage include those appropriate for stage 3 patients, as well as 
therapy designed to prevent or ameliorate signs of uremia. 

It is useful to further subclassify patients according to their 
urine protein loss and systemic blood pressure. Proteinuria 
and hypertension may influence prognosis and may be 
amenable to therapeutic intervention. Classification of 
patients as proteinuric necessitates eliminating hemorrhage, 
inflammation, or both as the cause for proteinuria and deter¬ 
mination of the urine protein/creatinine ratio. For both 
dogs and cats, patients are classified as proteinuric (P) when 
their protein/creatinine ratio exceeds 1.0, Values between 
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SECTION XVJIJ * Urinary System 


and cats: Patients may be classified as hypertensive with 
complications (Hnc) when their systolic blood pressure 
exceeds 160 mm Hg and no extrarenal evidence of hyp„ 
tension exists (he., ocular, neurologic, or cardiac changes 
consistent with hypertensive injury). Patients may be classi¬ 
fied as hypertensive with extrarenal complications (He) when 
their systolic blood pressure exceeds 150 mm Hg and 
extrarenal evidence of hypertension is present. Patients may 
be classified as borderline hypertensive (BH) when their sys¬ 
tolic blood pressure is between 150 mm Hg and 180 mm Hg 
and no extrarenal evidence of hypertension exists. Patients 
may be classified as NH when their systolic blood pressure is 
less than 1 50 mm Hg. If blood pressure has not been deter¬ 
mined, the patient should be classified as hypertension not 
determined (HND). 


no 


er- 


Disofilers That JVf ay Ozuse Chtottic Renal Tailtife 


Familial or Congenital 

Amyloidosis in Sbar Pei and beagle dogs 
Cystadenocorcinoma in German shepherd dogs 

Renal dysplasia in Shi Tzu, Lhasa apso, golden 

retrievers, Norwegian Elkhounds, Chow Chows, 
and others 

Glomerulopathy in English cocker spaniels, 

Doberman pinschers, bull terriers, 
soft-coated Wheaton terriers, Samoyeds 
Fan coni syndrome in Basenjis 

Polycystic disease in Cairn terriers 


Dogs 


Affected Population 

CKD is a common cause for illness and death in dogs and cats. 

It is among the most common diseases recognized in older 

cats. The prevalence of kidney disease has been estimated to 

range between 0.5% 6 and 7% 7 in dogs and between L6% 6 and 
20% 7 in cats. 

Although frequently considered a disease of older animals, 
CKD occurs with varying frequency in dogs and cats of all 
ages. In a retrospective study of cats with CKD, 53% of affected 
cats were over 7 years old, but animals ranged in age from 
9 months to 22 years.® In a study on age distribution of kidney 
disease in cats based on data submitted from 1980 to 1990 to 
the Veterinary Medical Data Base at Purdue University, 37% 
of cats with renal failure were less than 10 years old, 31% of 
cats were between the ages of 10 and 15, and 32% of cats 
were older than 3 5 years of age. 9 Similarly, in a study of cats 
with CKD reported in 1988, their mean age was 12.6 years 
with a range of 1 to 26 years. 30 Mean age among 45 control 
cats in this study was 10,0 years. During 3990, the prevalence 
of kidney disease among cats of all ages was reportedly 16 cases 
for every 1000 cats examined. During the same year, the pre¬ 
valence of kidney disease among cats 10 years of age or older 
was 77 per 10Q0 cats examined, and among cats older than 
1 r? years, 153 per 1000.® Maine coon, Abyssinian, Siamese, 
Russian blue, and Burmese cats were disproportionately 

reported as affected. 

Although renal failure apparently occurs less commonly in 
dogs than cats, its incidence increases similarly with age. Based 
data submitted from 1983 to 1992 to the Veterinary 
Medical Data Base at Purdue University, 18% of dogs with 
renal failure were less than 4 years old, 17% of dogs were 
between the ages of 4 and 7, 20% of dogs were between the 
ages of 7 and 10, and 45% of dogs were older than 10 years of 
age. During this period, the prevalence of renal failure among 
dogs of all ages was nine cases for every 1000 dogs examined. 
The prevalence of renal failure among dogs 7 to 10 years of age 
was 12.5 per 1000 dogs examined; among dogs 10 to 15 years, 
24 per 1000, and among dogs older than 15 years, 57 per 1000. 


Cats 


Amyloidosis in Abyssinian cats and oriental 
shorthair cats 


Polycystic disease in Persian and Himolayans 


Acq uired 
I nfectious 
Bacterial 

Mycotic—b I ostomy cos is 

Leptospirosis 

Leishmaniasis 


Feline infectious peritonitis (FIP) 

Immune complex glomerulopathy 
(Consult Chapter 261 on glomerulopathies) 

Amyloidosis ^ 

Neoplasia 
Lymphosarcoma 

Renal cell carcinoma 

Nephroblastoma 
Others 

S eq uela of acute re no I f ai I u re 
Bilateral hydronephrosis 
Spay granulomas 
Transitional cell carcinoma— 
Nephrolithiasis 
Polycystic 
Hypercalcemia 
Malignancy 

Primary hyperparathyroidism 
Idiopathic 


bladder trigone location 


on 


* 


l p i J 






bacterial urinary tract infection (UTI) is more often a sequela 
of the immunocompromised condition associated with renal 
failure than the cause. In one retrospective study of renal 
failure cats, bacterial UTI was detected in 20% of the patients. 9 
Glom end ©nephropathies have been linked to a variety of 
neoplastic, metabolic, and infectious and noiunfectious inflam¬ 
matory processes . 11 Periodontal disease has been linked to 
microscopic renal lesions in dogs, but a cause-and-effect rela¬ 
tionship has not been established'■ 3 Feline immunodeficiency 
virus (F1V) has been linked to renal disease in cats although 
few cats with CKD are FJV positive. Subcutaneous admin¬ 
istration of feline herpesvirus 1 (FHV-1), calicivims, and 
panleukopenia virus vaccines grown in feline tissue culture 
systems to kittens have been shown to induce production 
of antifeline renal tissue antibodies in serum (Lappin and 
colleagues). 16 This observation prompts the question as to 


Causes of Chronic Kidney Disease 

CKD may be initiated by a variety of different familial, con¬ 
genital, or acquired diseases (Box 260-4). In a study of biopsy 
findings in 37 dogs with primary renal azotemia, chronic 
tubulointerstitial nephritis was observed in 58%, glomeru- 
ionephropathy occurred in 28%, and amyloidosis was observed 
in 6%, 11 In cats, tubulointerstitial nephritis was observed 
70%, glomerulonephropathy occurred in 15%, lymphoma 
was observed in 13%, and amyloidosis occurred in 2%. 
Unfortunately, the initiating cause or causes of CKD often 
cannot be identified at the time of diagnosis. The initiating 
causes of diseases thought to originate in the tubulointer- 
stitium have been especially elusive. AJ thou eh bacteria 
cause tubulointerstitial lesions, in the author? 
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Prognosis of Chronic Kidney Disease 

Cats with stages 2 and 3 CKD commonly survive 1 to 3 years, 
whereas dogs with stage 3 CKD typically survive about 6 to 
12 months. However, many survive much longer A host of 
factors influence prognosis of CKD, both favorably and unfa¬ 
vorably, Included among these factors are the quality of med- 

provided to the patient and the level of owner 
commitment. The estimate of prognosis often influences the 
owner's 

recommendations for management of the patient. A compre¬ 
hensive evaluation of the patient is the best way to establish 

a reasonably accurate prognosis. 

Prognosis for patients with CKD is usually subcategorized 
according to the probability of immediate survival (short-term 
prognosis) and survival over the subsequent months to years 
(long-term prognosis). A guarded prognosis indicates that the 
chances for recovery are unpredictable. Fair, good, or excellent 
prognoses indicate varying degrees of probable recovery, whereas 
poor or grave prognoses indicate that recovery is improbable or 
hopeless. Loss of renal function is irreversible in patients with 
CKD, In this context, recovery refers to improvement of 
biochemical deficits and excesses and amelioration of clinical 
signs rather than recovery of renal function. 

Factors to be considered in establishing meaningful prog- 
for patients with CKD include (1) the nature of the 
p rim ary renal disease, (2) severity and du ration of clinical si gns 
and complications of uremia, (3) probability of improving renal 
function (reversibility—primarily of prerenal, postrenal, and 
newly acquired primary renal conditions), (4) severity of intrin¬ 
sic renal functional impairm ent, (5) rate of progression of renal 
dysfunction with or without therapy, and (f) age of the p atient. 
In addition, blood pressure and the magnitude of proteinuria 
are risk factors influencing prognosis in dogs with CKD. 

Severity of uremic sigfts is often a relatively good predictor 
of short-term prognosis* Patients with stable CKD without 
clinical signs of uremia usually have a good short-term prog¬ 
nosis. Untreated patients with severe clinical signs of uremia 
typically have a guarded to poor short-term prognosis. 
However, it is best to determine whether renal function and 
clinical signs can be therapeutically improved in such cases 
before establishing the short-term prognosis. A uremic crisis 
often occurs in patients that present with CKD as a conse¬ 
quence of superimposed acute renal failure or prerenal or 
postrenal conditions. Although CKD is an irreversible condi¬ 
tion, improvement of renal function is potentially possible 
when uremia results from the sum effects of CKD and a 
potentially reversible cause of azotemia. If treatment results 
in improved renal function and ameliorates clinical signs 
of uremia, the short-term prognosis often becomes guarded 
to good. 

Severity of renal dysfunction as determined by serum cre¬ 
atinine concentration or measurement of GFR provides a less 

of assessing short-term prognosis than does 


whether repeated vaccinations play a role in development of 

chronic renal disease. 

Difficulty in detecting the ind ting cause of CKD is associated 
with three phenomena related to the evolution of progressive 
renal diseases. First, various components of nephrons (glomeruli, 
peritubular capillaries, tubules, and interstitial tissue) are func¬ 
tionally interdependent. Second, the functional and morpho¬ 
logic responses of tissues comprising the kidneys to different 
causative agents are limited* Third, after maturation of nephrons, 
which occurs at approximately 1 month of age, new nephrons 
cannot be formed to replace others irreversibly destroyed by dis- 

Progressive irreversible lesions initially localized to one por¬ 
tion of the nephron are eventually responsible for development 
of lesions in the remaining but initially unaffected portions of 
nephrons. For example, progressive lesions (such as amyloid or 

complex disease) confined initially to glomeruli will 
subsequently decrease peritubular capillary perfusion. Reduced 
peritubular capillary perfusion will in turn result in tubular 
epithelial cell atrophy, degeneration, and necrosis* Recent stud¬ 
ies suggest that tubular epithelial cells may also be damaged as a 
consequence of glomerular proteinuria. Secondary tubular 
damage may be related, at least in part, to excessive tubular 
cell uptake of filtered proteins or protein-bound substances. 17 
Studies showing that the rate of disease progression correlates 
with the amount of proteinuria, and that therapy designed to 
reduce proteinuria retards progression, support the concept that 
glomerular proteinuria damages tubules. The secondary pro¬ 
of inflammation an d fibrosis amplify these processes. An 
influx of T cells and macrophages into the interstitium may 
cause further tubular injury, and macrophages in particular pro¬ 
duce profibrotic substances. Ultimately nephron destruction ini¬ 
tiated by glomerular disease will simulate repair by substitution 
of functioning nephrons with nonfunctional connective tissue 
Similarly* generalized progressive interstitial disease initially 
caused by bacteria eventually destroys tubules and glomeruli 
and stimulates inflammation and fibrosis. Thus irrespective 
of the initiating cause, replacement of the majority of the dam¬ 
aged nephrons with collagenous connective tissue results in 
overall reduction in kidney size and impaired renal function. 

Because of the structural and functional interdependence 
of various components of nephrons, differentiation of different 
progressive renal diseases that have reached an advance stage 
is often difficult. Functional and structural changes prominent 
during earlier phases of progressive generalized renal diseases 
may permit identification of a specific cause and localization 
of the initial lesion to glomeruli, tubules, interstitium, or vessels. 
With time, however, destructive changes of varying severity 
(atrophy, inflammation, fibrosis, and mineralization of diseased 
nephrons), superimposed on compensatory and adaptive 
morphologic and functional of remaining partially and totally 
viable nephrons, provide a functional and morphologic similarity 
to the findings associated with these diseases. 

Despite the irreversibility of generalized renal lesions asso¬ 
ciated with CKD, it is important to formulate diagnostic plans 
to try to identify the underlying cause and to determine if it is 
still active. Although specific therapy directed at eliminating 
or controlling the primary cause will not substantially alter 
existing renal lesions, it is important in the context of mini¬ 
mizing further nephron damage. Renal diseases potentially 
amenable to specific therapy include bacterial pyelonephritis, 
chronic urine outflow obstruction, nephrolithiasis, renal lym¬ 
phoma (particularly in cats), hypercakemic nephropathy, and 

some immun e-medi ated diseases. 

Acute onset of nonurinary disorders, especially those that 
interfere with compensatory polydipsia, may precipitate a 
uremic crisis in patients with asymptomatic CKD (so-called 
acute-on-chronic uremic crisis). However, if acute decompen¬ 
sation of CKD has been caused by reversible factors, correc¬ 
tion of them will often result in recompensation of the CRF. 


ical 


decisions about treatment options in complying with 


immune 


noses 


3D 


16 




30 






m 


accurate means 
the clinical condition of the patient. The relationship between 
gnitude of renal dysfunction and clinical signs of uremia is 
often unpredictable. Therefore short-term prognosis should 
not be established based on a single measurement of the 
severity of renal dysfunction. In addition, a single determina¬ 
tion of renal function is unreliable as an index of the potential 

for improvement in renal function. 

Assessment of the severity of renal dysfunction is typically 
more useful in establishing long-term prognoses. In general, 

renal dysfunction is associated with shorter long-term 
survival and, often, a lower quality of life. This generalization 
is supported by findings of a recent study of cats with sponta- 

CKD. 2 For cats with CKD without apparent clinical 
signs and having a mean plasma creatinine concentration 
of 2,6 mg/dL f mean survival was 397 days. For cats with CKD 
with one or more clinical signs attributable to CKD and a 
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severe 
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mean plasma creatinine concentration of 3.6 mg/dL, mean 
survival was 313 days. Uremic cats with a mean plasma crea¬ 
tinine concentration of 10.3 mg/dL survived less than 3 days. 
However, in a recent clinical trial in dogs with spontaneous 
CKD, mean serum creatinine concentration did not appear to 
influence survival when dogs were fed a renal diet. Median 
survival for 21 dogs with a mean serum creatinine concentra- 
tion of 3 ,3 mg/dL was 615 days. Median survival for a sub- 
population of dogs in this group with serum creatinine values 
between 2.0 and 3.1 mg/dL was also 615 days. However, 

among 17 dogs fed a maintenance diet in this study median 
survival for dogs with 


uremia was adopted originally because of the presumption 
that all of the abnormal!ties result from retention in the blood 
of end-products of metabolism normally excreted in the 
urine. However, uremia involves more than renal excretory 
failure alone. A variety of metabolic and endocrine functions 
normally performed by the kidney are also impaired, resulting 
in anemia; malnutrition; impaired metabolism of carbohy¬ 
drates, fats, and proteins; defective use of energy; alterations in 
immunity; and metabolic bone disease. 

Urea, once thought to be "the" uremic toxin, is not a major 
cause of uremic toxicity, although it may contribute to some 

of th e clinical abn ormalities, inclu ding an orexi a, m al at sc, an d 
vomiting. Numerous nitrogenous compounds with a molecu¬ 
lar mass of 500 to 12,000 D (so-called middle molecules) are 
retained in CKD and appear to contribute to morbidity and 
mortality in uremic subjects. 23 In addition to impaired excre¬ 
tion, many middle-sized molecules along with various 
cytokines and growth factors accumulate in CKD because the 
kidney's capacity for catabolizing many substances is also 
impaired. Further, plasma levels of many polypeptide hor¬ 
mones, including parathyroid hormone (PTH), insulin, gas¬ 
trin, glucagon, luteinizing hormone (LH), and prolactin, 
increase in patients with CKD because of impaired renal 
catabolism and enhanced glandular secretion♦ 

Gastrointestinal Consequences 

Gastrointestinal (G1 complications are common and promi¬ 
nent clinical signs of uremia, Anorexia and weight loss 
nonspecific findings that may precede other signs of uremia in 
dogs and cats. The patient's appetite may be selective for cer¬ 
tain foods, and it may wax and wane throughout the day. 
Factors promoting weight loss and malnutrition include 
anorexia, nausea, vomiting and the subsequent reduction in 
nutrient intake, hormonal and metabolic derangements, and 
catabolic factors related to uremia, particularly acidosis. 

Anorexia appears to be multifactorial in origin. Recent 
research, using a rodent model, has suggested that an anorec¬ 
tic factor in the plasma of uremic patients that can suppress 
appetite.It appears to be a middle molecule in size and may 


a mean serum creatinine of 3.7 mg/dL 
252 days, whereas survival for the subpop illation with 
serum creatinine values between 2.0 and 3.1 mg/dL was 
461 days. In summary, die prognosis should be established in 
the context of the clinical condition of the patient, rate of 
progression of renal dysfunction, response to therapy cause of 
the underlying renal disease (if known), and other complicating 
factors (e.g., UTI, nephrotic syndrome). 

Systemic hypertension has been linked to progression of 
CKD in humans for decades. 19 Increased systolic blood pres¬ 
sure has been shown to increase risk of uremic crises and death 
in dogs with spontaneous CKD. 18 In this study, systolic blood 
pressure values determined at the time of initial patient eval¬ 
uation were compared with long-term outcome Increased risk 
of developing a uremic crisis and of death was observed in the 
patients with the highest blood pressure values. In addition, a 
greater decline in renal function over time was observed in 
these dogs. Although this study was not designed to prove a 
cause-and-effect relationship between hypertension and 
progressive renal disease, it does indicate that initial blood 
pressure values should be considered in formulating a prog¬ 
nosis for dogs with CKD. The prognostic significance of blood 
pressure values in cats with CKD has yet to be established. 

Results of a clinical trial from the University of Minnesota 
Veterinary Medical Center revealed that proteinuria is a risk 
factor for uremia and death in dogs with spontaneous kidney 
disease, 2U In this study, the risk of death associated with CKD 
increased by 60% for each unit of urine protein/ creatinine 
ratio above 1.0, Whether proteinuria conferred this adverse 
risk as an independent mediator of renal injury or as a conse¬ 
quence of the biologic behavior of glomerular diseases is 
unclear. In dogs, glomerulopathies have been associated with 
poor long-term prognoses. 12 This may be related to the obser¬ 
vation that proteinuria has been implicated in promoting pro¬ 
gressive renal injury. 21 Therapeutic amelioration of proteinuria 
using angiotensin-converting (ACE) inhibitors may stabilize 

renal function in humans and dogs with glomerular disease, 
further suggesting a likely role for proteinuria in the oroEres- 

sion of CKD, 22 

Compared with the rate of progression of CKD in middle- 
aged to older dogs with acquired renal disease, CKD often 
progresses at a much slower rate in dogs with congenital and 
familial nephropathies such as renal dysplasia. A comparably 
slower rate of progression has also been observed in young 
dogs with acquired CKD (e.g., after nephrotoxin exposure). 
Many of these patients appear remarkably resistant to devel¬ 
oping clinical signs of uremia despite substantial elevations in 
serum creatinine and urea nitrogen concentrations. 
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Comp lica tions and Comorbid Conditions 
in Chronic Kidney Disease 
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Complications of Chronic Kidney Disease (CKD) 
Anemia 

Arterial hypertension 
Dehydration 

Hyperparathyroid i sm 
Hyperphosphatemia 

Hypocalcemia and hypercalcemia 
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CLINICAL CONSEQUENCES OF CHRONIC 
RENAL FAILURE 


Comorbid Condition? 

Cardiac disease 
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Degenerative joint disease 
Dental and oral diseases 
Hyperthyroidism (cats) 
Nephroliths and ureteroliths 
Urinary tract infections (UTIs) 


Uremia 


Uremia is the clinical state toward which all 


progressive, gen¬ 
eralized renal diseases ultimately converge. Diverse clinical 

and laboratory findings characterize uremia and emphasize 

the polysystemic nature of CKD (Box 260-5). The 
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be a peptide* Elevated serum leptin concentrations have also 
been implicated as a factor contributing to anorexia* 25 

Vomiting is a frequent, but inconsistent finding in uremia. 
It results from the effects of as yet unidentified uremic toxins 
on the medullary emetic chemoreceptor trigger zone and 
from uremic gastroenteritis. The severity of vomiting corre¬ 
lates crudely with the magnitude of azotemia* Because uremic 
gastritis may be ulcerative, hematemesis may occur* Vomiting 
may be a more frequent complaint in uremic dogs than cats* 
Nonetheless, vomiting is reportedly found in one quarter to 

one third of cats with clinical signs of uremia. 2 Vomiting 
may impair compensatory polydipsia, enhancing the risk of 
dehydration and exacerbating prerenal azotemia and clinical 
signs of uremia. 

Uremic gastropathy is characterized microscopically by 
glandular atrophy, edema of the lamina propria, mast cell 
infiltration, fibroplasia, mineralization, and submucosal arteritis. 
Elevated gastrin levels have been implicated in development 
of uremic gastropathy. 26 Gastrin induces gastric acid secretion 
directly by stimulating receptors located on gastric parietal cells 
and by increasing histamine release from mast cells in the gas¬ 
tric mucosa. Enhanced histamine release may also promote G! 

ulceration and ischemic necrosis of the mucosa through a vas¬ 
cular mechanism characterized by small venule and capillary 
dilatation, increased endothelial permeability, and intravascu¬ 
lar thrombosis, 27 Because up to 40% of the circulating gastrin 
is metabolized by the kidneys, reduced renal function may 

promote hypergastrinemia* 

Elevated gastrin levels have been documented in cats with 
spontaneous CKD 26 Although the prevalence of hypergas- 
trinemia appeared to increase as renal dysfunction became 
more severe, there was great variability of gastrin levels among 
cats with similar degrees of renal dysfunction, suggesting that 
additional factors (in addition to the degree of renal impair¬ 
ment] likely affect serum gastrin levels in GKXX 

Gastrin-induced gastric hyperacidity may lead to uremic 
gastritis, G1 hemorrhage, nausea, and vomiting. Back diffusion 
of hydrochloric add and pepsin into the stomach wall may 
lead to hemorrhage, inflammation, and release of histamine 
from mast cells. Thus the cycle may be perpetuated as mast 
cell-derived histamine causes further stimulation of parietal 
cells to produce hydrogen ions. However, gastric hyperacidity 
is not universally found with uremic gastritis. Some human 

uremic patients have hypochlorhydria, Thus hypergastrinemia 
is not the only reason for uremic gastritis. Other factors impli¬ 
cated in the genesis of uremic gastropathy include psychologic 
stress related to illness, an increase in proton back diffusion 
caused by high urea levels, erosions caused by ammonia liber¬ 
ated by bacterial urease acting on urea, ischemia caused by 
vascular lesions, decreased concentration and turnover of 
gastric mucous, and biliary' reflux due to pyloric incompetence 
(which may be an indirect consequence of elevated gastrin 

levels) * 

In a recent study of 80 cats with spontaneous CKD, dys¬ 
phagia and oral discomfort occurred in 7.7% of uremic cats 
and 38.5% of cats with end-stage renal failure, 2 Periodontal 
disease was observed in 30.8% of uremic and 34.6% of end- 
stage CKD cats in the same study Halitosis was reported in 
7.7% of cats in both groups. Moderate to severe CKD may 
result in uremic stomatitis characterized by oral ulcerations 
(particularly located on the buccal mucosa and tongue), 
brownish discoloration of the dorsal surface of the tongue, 
necrosis and sloughing of the anterior portion of the 
tongue (associated with fibrinoid necrosis and arteritis), and 
uriniferous breath. The mucous membranes may also become 
dry (xerostomia). Degradation of urea to ammonia by bacte¬ 
rial urease may contribute to many of these signs. Poor oral 
hygiene and dental disease may exacerbate the onset and 
severity of uremic stomatitis. 


Uremic enterocolitis, manifested as diarrhea, may occur 
in dogs and cats with severe uremia, but it is typically less 
dramatic and less common than uremic gastritis. Owners of 
80 cats with spontaneous CKD did not report diarrhea. 2 
However, when present, uremic enterocolitis is often hemor¬ 
rhagic Considerable GI hemorrhage may initially escape clinical 
detection. Intussusception may occasionally complicate uremic 
enterocolitis. Constipation is a relatively common complica¬ 
tion of CKD, particularly in cats. Primarily it appears to be a 

manifestation of dehydration, but it can occur as a complica¬ 
tion of intestinal phosphate-binding agents. 


Impaired Urine-Concentrating Ability, Polyuria, 
Polydipsia, and Nocturia 


Among the earliest and most common clinical manifestations 
of CKD is onset of polyuria, polydipsia, and sometimes 
nocturia due to reduced urine-concentrating ability. Polydipsia 
was the single most commonly reported clinical sign reported 
in a study of 80 cats with CKD. Cat owners recognized poly¬ 
dipsia over twice as often as polyuria* Although urine specific 
gravity (U S G) values of cats in stages 2,3, and 4 CKD are usually 
below 1.035, the au tho rs h ave seen cats that h ave remained 
persistently up to 18 months) azotemic prior to losing 
adequate concentrating ability (i*e., specific gravity >1*040). 

A decrease in adequate urine-concentrating ability results 
from several factors including increased solute load per 
surviving nephron (solute diuresis), disruption of the renal 
medullary architecture and counter-current multiplier system 
by disease, and primary impairment in renal responsiveness to 
antidiuretic hormone (ADH). Loss of renal responsiveness to 
ADH may result from an increase in distal renal tubular flow 

rate, which limits equilibration of tubular fluid with the hyper¬ 
tonic medullary interstitium. Additionally, ADH-stimulated 
adenyl cyclase activity and water permeability in the distal 
nephron may be impaired in uremia, 28 Polydipsia is of course 
a compensatory response to polyuria. If fluid intake fails to 
keep pace with urinary fluid losses, dehydration will ensue 
because of the inability to conserve water by concentrating 
urine. Dehydration subsequent to inadequate fluid intake is a 
common problem in cats with CKD. 

Arterial Hypertension and Cardiovascular 
Consequences 

Hypertension may be either a cause or consequence of CKD* 
When present, it may adversely affect long-term prognosis. 10 
It is a common complications of CKD, reportedly occurring in 
up to 66% of cats with CKD. 29 Although one recent study 
suggested that hypertension may be unusual in dogs with 
CKD, 30 other studies have reported incidences of from 30% to 
93 % of dogs with CKD, 18 - 30 Dogs with glomerular diseases are 
at increased risk for hypertension. 

The pathophysiology of arterial hypertension and its compli¬ 
cations is described in Chapters 129 and 130* 

Neuromuscular Consequences 

Encephalopathies and Neuropathies Metabolic encepha¬ 
lopathies and peripheral neuropathies may occur tn dogs and 
cats with uremia. 51 ' 33 It is reported that as many as 65% of 
dogs and cats with primary renal insufficiency or renal failure 
have neurologic manifestations. Of dogs with neurologic signs, 

altered consciousness (31% of patients) and seizures (29% 
of patients) were the most common signs. 52 In the authors' 
experience, acute onset of altered mentation is an important 
neurologic finding in dogs and cats with CKD that typically 
heralds a poor short-term prognosis. Other common signs 
include limb weakness, ataxia, and tremors. Patients may 
develop what has been described as the twitch-convulsive state, 
wherein the simultaneous combination of tremor, myoclonus, 
and seizures is seen* In advanced CKD, patients may have 
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neurologic signs that are cyclical and episodic, varying from 

day to day. The severity and rate of p rogressi o n of n eurol ogic 

signs appears to vary directly with the rapidity with which 
uremia develops. 

The pathogenesis of uremic neurologic signs 
unclear, hut important roles for PTH and the uremic environ¬ 
ment are suspected, 31 Both the sodium potassium adenosine 
triphosphate pump and several of the calcium pumps are 
altered in uremia. Alterations in the calcium pumps have 
been thought to be due at least in part to PTH acting 
through monophosphate-independent pathways. Calcium 
pumps are particularly suspected of playing a role in uremic 
encephalopathy because they mediate neurotransmitter release 
and information transfer at nerve terminals. Clinical signs of 
tremors, myoclonus, and tetany may develop due to hypocal¬ 
cemia. Arterial hypertension may also lead to neurologic signs 
in patients with otherwise well-controlled renal failure. 
Clinical signs are acute in onset and may include seizures, 
behavioral changes, dementia, isolated cranial nerve deficits, 
and death. In the authors' experience, many of the patients 
with acute onset of neurologic signs also had hypertension. 

Imbalances of neurotransmitter amino adds within the 
brain have also been implicated in uremic encephalopathy. 
Analysis of cerebrospinal fluid [CSF) in humans with uremic 
encephalopathy has shown decreased levels of glutamine and 
GABA, as well 
serotonin. 


clinical evidence exists for the supporting roles of shortened 
red cell life span, nutritional abnormalities, erythropoietic 
inhibitor substances in uremic plasma, blood loss, and 
myelofibrosis, erythropoietin deficiency has clearly emerged 
the principal cause of anemia in humans and animals with 
CKD. The peritubular fibroblasts of the renal cortex appear to 
be the major source of erythropoietin synthesis. It may also be 
produced by renal interstitial fibroblasts. The kidneys synthe¬ 
size erythropoietin on demand in response to intrarenal tissue 
hypoxia due either to decreased oxygen-carrying capacity 
[anemia) or decreased oxygen content [hypoxia). Many CKD 
patients have a relative, rather than absolute, erythropoietin 
deficiency in that plasma levels exceed the normal 
However, when compared with equivalently anemic but 
non uremic patients, plasma erythropoietin concentrations 
lower Anemic CKD cats have been reported to have plasma 
erythropoietin concentrations similar to normal cats. 36 
Erythropoietin deficiency of CKD has been hypothesized to 
result from decreased renal mass resulting in an insufficient 
cellular capacity for new hormone synthesis. 

Other clinically important causes for anemia in dogs and 
cats with CKD are iron deficiency and chronic GI blood loss. 
In most patients, iron defidency can only be detected by 
measuring serum iron, staining bone marrow biopsy samples 
for iron content, or through response to iron supplementa¬ 
tion, Chronic GI hemorrhage may occur even in the absence 
of characteristic color changes in the feces. It can be suspected 
based on a hematocrit level that is unexpectedly low relative 
to the magnitude of renal dysfunction, and an elevation in the 
SUN/serum creatinine ratio. 

Hemorrhagic Consequences of Uremia Uremia may be 
associated with a hemorrhagic diathesis that is characterized 
by bruising, GI hemorrhage with hematemesis or melena, 
bleeding from the gums, or hemorrhage subsequent to 
venipuncture. GI hemorrhage can be an important route of 
blood loss leading to anemia and exacerbating azotemia and 
uremia. In renal failure, bleeding results from an acquired qual¬ 
itative platelet defect, abnormalities in the interaction of 
platelets and the vessel wall, and biochemical and rheologic 
abnormalities in the blood itself 37 Uremic platelet dysfunction 
appears to be multi factorial in origin. The platelet count is 
ally within the normal range or mildly decreased. Abnormal 

platelet aggregability, diminished thromboxane-A 2 production, 
abnormal intracellular calcium mobilization, and increased 
intracellular cAMP have been described in uremic platelets. 37 
Abnormal glycoprotein function may impair platelet adhesive¬ 
ness to the subendothelium. In addition, uremia may be asso¬ 
ciated with increased release of prostacyclin and nitric oxide, 
which may also impair adhesion of pi ateiets to the endothe¬ 
lium. The largest polymers of von Willebrand’s factor, which 
predominate in the platelet adhesion process, are decreased in 
uremia. Uremic toxins have also been implicated in impairing 
platelet function. For example, elevated levels of plasma guani- 
dmosucciruc add, interfere with activation of platelet factor III 
by ADP, thus leading to abnormal platelet function. 
Administration of desmopressin acetate (DDAVP) has been 
shown to shorten bleeding times and improve clinical bleeding 
uremic humans. 37 DDAVP is thought to stimulate release of 
large multimeric von Willebrand's factor complexes from 
endothelial cells and platelets. 

Unfortunately, development of tachyphylaxis often limits 
usefulness of DDAVP after 2 or 3 doses. Alternative therapies 
have included administration of eryopreripitates or conjugated 
estrogens, which may have similar effects. Increasing hemat¬ 
ocrit values to above 30 by transfusion or administration of 
erythropoietin has also been shown to improve bleeding 
times in humans. Increasing hematocrit may improve bleeding 
times by a rheologic effect or by increasing hemoglobin 
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Myopathies Hypokalemic polymyopathy is occasionally 
observed in association with CKD, primarily in cats. Because 
of the influence of potassium on resting cell membrane 
potentials, potassium imbalances typically manifest clinically 
neuromuscular dysfunction. Hypokalemia increases the 
magnitude [i.e., increases electronegativity) of the resting 
potential, thereby hyperpolarizing the cell membrane, making 
it less sensitive to exciting stimuli. The cardinal and 
dramatic sign of hypokalemia, regardless of cause, is general¬ 
ized musde weakness. In hypokalemic polymyopathy, muscle 
weakness and pain present clinically as cervical ventroflexion 
and a stiff stilted gait. 33 Mild cardiac rhythm disturbances 
may also occur. Serum creatinine kinase and other muscle 

enzyme activities may be elevated, and in severe instances, 
rhabdomyolysis may occur. 

Musde dysfunction unrelated to serum potassium 
trations may also occur in uremia. In humans with CKD 
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mulation of a diaiyzable uremic toxin derived from dietary 

protein has been shown to promote abnorm alities in sarcolemma 

ion flux leading to reduced musde membrane potential. 


Hematologic Consequences 

Anemia Hie anemia of renal failure is usually characterized 
by normochromic and normocytic red blood cells (RBCs). 
Usually hypoplasia of the erythroid precursors in the bone 
marrow occurs, with little or no interference with normal 
leukopoiesis and megakaryocytopoiesis. On blood smears, 
spiculed and deformed red cells {Burr cells or echinocytes) may 
be noted. Although affected by the patient 1 s age, spedes, specific 
renal diagnosis, and concurrent diseases, the severity and progres¬ 
sion of the anemia correlates with the degree of renal failure and 
worsens with progressive renal failure in both dogs and cats. 34 

The hematocrit may become profoundly low. At these low 
hematocrits, compensatory mechanisms such 

levels of 2,3 DPG; lowered peripheral vascular resistance; and 
an elevated cardiac output (in the absence of previous cardiac 
disease) help maintain tissue oxygenation. Clinical signs of 
anemia include pallor of the mucous membranes, fatigue, 
listlessness, lethargy, weakness, and anorexia. 

Anemia in patients with CKD is multifactoriaJ and may be 
exacerbated by concurrent illness. Although experimental and 
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to have an effect on PTH secretion* 38 ' 48 It has been suggested 
that high phosphorous intake may accentuate uremia-induced 
abnormal phosphorous metabolism causing increased 
parathyroid cell phosphorous concentration. 48 Jn miro studies 
have suggested that parathyroid glands exposed to elevated 
phosphorous levels respond by increasing PTH secretion. 45 
Reduced 1,25-dihydroxychoIecakiferol may have a permis¬ 
sive effect, may have an additional direct effect on PTH secre¬ 
tion in this setting, or it may have both, 48 

In more advanced renal failure, only serum calcium con¬ 
centration correlated with serum PTH activity, 48 Impaired 
intestinal absorption of calcium due to low serum calcitrio! 
levels likely plays an important role in hyperparathyroidism in 
these advanced renal failure patients. Blood ionized calcium 
concentrations are often reduced in cats with spontaneous 
CRF; in one study, over 50% of cats with advanced end-stage 
CKD were hypocalcemia 30 

Clinical Consequences Although renal secondary hyper¬ 
parathyroidism and renal osteodystrophy are well-documented 
effects of CKD, clinical signs associated with renal osteodys¬ 
trophy are uncommon in dogs and cats. In dogs, it most often 
occurs in immature patients, presumably because metaheli¬ 
cally active growing bone is more susceptible to the adverse 
effects of hyperparathyroidism. For unexplained reasons, 
bones of the skull and mandible may be the most severely 
affected and may become so demineralized that the teeth 
become moveable and fibrous changes are obvious, particu¬ 
larly in the maxilla. Marked proliferation of connective tissue 
associated with the maxilla may cause distortion of the face. 
Jaw fractures can occur but are uncommon. Other possible 
but uncommon clinical manifestations of severe renal osteo¬ 
dystrophy include, cystic bone lesions, bone pain, and growth 
retardation. 

Although excessive levels of PTH affect bones and kidneys, 
it affects the function of other organs and tissues, including 
brain, heart, smooth muscles, lungs, erythrocytes, lympho¬ 
cytes, pancreas, adrenal glands, and testes as well. 49 Toxidty of 
PTH appears to be mediated through enhanced entry of 
calcium into cells with PTH or PTH2 membrane receptors. 
Sustained PTH-mediated calcium entry leads to inhibition of 
mitochondrial oxidation and production of ATP. Extrusion of 
calcium from cells is reduced because of the impairment in 
ATP production and disruption of the sodium-calcium 
exchanger. Persistently increased basal cytosolic calcium levels 
promote cellular dysfunction and death. 

Potential nonskeletal clinical consequences of hyper¬ 
parathyroidism include mental dullness and lethargy, weak¬ 
ness, anorexia, and an increased incidence of infections due 
to immunodeficiency. 39 Hyperparathyroid-induced cellular 
dysfunction may lead to carbohydrate intolerance, platelet 
dysfunction, impaired cardiac and skeletal muscle function 
(due to impaired mitochondrial energy metabolism and 
myofiber mineralization}, inhibition of erythropoiesis, altered 
red cell osmotic resistance, altered B cell proliferation, synap- 
tosome and T cell dysfunction, and defects in fatty acid 
metabolism. 39 ' 50 Excess PTH levels may also promote 
nephrocalcinosis and consequent progressive loss of renal 

function. 39 

Renal secondary hyperparathyroidism may be associated 
with substantial enlargement of the parathyroid glands. This 
finding may be of clinical importance in cats because of 
frequent coincident hyperthyroidism that may be suggested 
by the presence of a thyroid nodule palpable in the cervical 
region. In a recent report, hyperplastic parathyroid glands were 
palpable as paratracheal masses in 11 of 80 cats with sponta¬ 
neous CKD. 2 Care should be taken to confirm hyperthy¬ 
roidism prior to treatment because both hyperparathyroidism 
and hyperthyroidism can lead to paratracheal masses. 


concentrations that may in turn inactivate the platelet-inhibiting 
effects of nitric oxide. 


Renal Secondary Hyperparathyroidism 

Incidence and Pathophysiology In a recent study of cats 
with spontaneous CKD, the overall prevalence of renal sec¬ 
ondary hyperparathyroidism was 84%. 38 Hyperparathyroidism 
occurred in 100% of cats with end-stage CKD and 47% of 
asymptomatic cats with only biochemical evidence of CKD. 
H yperp arathyro i dism was even detected in some cats with 
normal serum calcium and phosphorous concentrations. 
Plasma PTH concentrations have been reported to increase as 
serum creatinine concentrations increase. 39 

The pathogenesis of hyperparathyroidism in CKD is mul¬ 
tifactorial. Renal secondary hyperparathyroidism occurs in 
association with phosphorous retention, hyperphosphatemia, 

low circulating 1,25-dihydroxyvitamin D (calcitriol; levels, 
reduced blood ionized calcium concentration, and skeletal 
resistance to the calcemic action of PTH. However, in early to 
moderate renal failure, it is difficult to dissect out the specific 
factors responsible for hyperparathyroidism because the 
increase in PTH serves to prevent hypocalcemia, hyper¬ 
phosphatemia, and the decrease in calcitriol formation. 40 
Phosphorous retention and hyperparathyroidism develop 
early in CKD, although serum calcium and phosphorus 
concentrations remain within normal limits, 41 Phosphorous 
retention is intimately related to development of secondary 
hy perparath yro i dis m . 414 3 

Relative or absolute deficiency of calcitriol has been 
hypothesized to play a pivotal role in development of renal 
secondary hyperparathyroidism. 44 Calcitriol, the most 

active form of vitamin D, is formed by la-hydroxylation of 
25-hydroxycholecalciferol in renal tubular cells. PTH 
promotes renal l a-hydroxylase activity and formation of 
calcitriol. In turn, calcitriol limits PTH synthesis by feedback 
inhibition. Phosphrous retention inhibits renal la-hydroxylase 

activity. Early in the course of CKD, the inhibitory effects of 

phosphorus retention on renal tubular 1 a-hy droxy lase activity 
limits calcitriol production. Because calcitriol normally inhibits 
PTH synthesis, reduced calcitriol synthesis promotes renal 
secondary hyperparathyroidism. Initially, the resultant hyper¬ 
parathyroidism increases la-hydroxylase activity despite 
continued phosphorous retention, thereby restoring 
calcitriol production toward normal. However, normalization 
of calcitriol production occurs at the expense of persistently 
elevated plasma PTH activities—a classic example of the trade¬ 
off hypothesis . As renal failure progresses, loss of viable renal 
tubular cells ultimately limits renal calcitriol synthetic capacity 
and calcitriol levels subsequently remain low. Deficiency of 
calcitriol leads to skeletal resistance to the action of PTH and 
elevates the set point for calcium-induced suppression of PTH 
secretion. Skeletal resistance to PTH limits skeletal release of 
calcium, whereas elevating the setpoint for PTH secretion allows 
hyperparathyroidism to persist even when plasma ionized 
calcium concentrations are normal or elevated. 39 44 

Recent evidence suggests that phosphorous retention may 
also play a primary role in promoting hyperparathyroidism. 
Phosphorous has been shown to stimulate PTH secretion in 
parathyroid celt cultures. 45 Further, phosphorous restriction in 
dogs and humans with CKD has been shown to decrease PTH 
secretion without changing serum calcitriol levels. 4647 In 
untreated human patients with mild to moderate CKD 
(serum creatinine concentration <3.0 mg/dL), serum phos¬ 
phorus concentrations correlated directly with PTH, indepen¬ 
dent of serum calcium and 1,25-dihydroxyvitamin D levels. 48 
Interestingly, this correlation was present despite the fact that 
most patients had serum phosphorous concentrations within 
the normal range. Notably, in both humans and cats, overt 
hyperphosphatemia may not be a prerequisite for phosphorous 
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glutamine synthesis, glutamine being the substrate for renal 
ammoniagenesis. 54 The combined effects of reduced protein 
synthesis due to uremia and accelerated proteolysis due to 
acidosis promote elevations in blood urea nitrogen [BUN], 
increased nitrogen excretion, and negative nitrogen balance 
typical of uremic acidosis. Altered branched chain amino acid 
metabolism appears to be involved. Chronic metabolic acidosis 
increases the activity of muscle branched chain keto add 
dehydrogenase, the rate-limiting enzyme in branched chain 
amino add catabolism. This is important in that branched 
chain amino adds are rate limiting in protein synthesis and play 
a role in regulation of protein turnover. Alkalization therapy 
effectively reverses acidosis-associated protein breakdown. 
Clinicians speculate that changes in intracellular pH accom¬ 
panying addosis lead to alterations in gene transcription 
which increase the activity of the cytosolic, ATP* and ubiquitin- 
dependent protein degradation pathway. Severe chronic 
metabolic addosis has the potential to induce a cycle of 
progressive protein malnutrition and metabolic addosis. 
Excessive protein catabolism may lead to protein malnutrition 
despite adequate dietary intake. This process may then accel¬ 
erate breakdown of endogenous cationic and sulfur-containing 
amino acids, thus promoting further acidosis. 

Addosis poses a particularly vexing problem for CKD 
patients consuming protein-restricted diets. Dietary protein 
requirements appear to be similar for normal humans and 

humans with CKD unless uremic addosis is present. When 

add-base status is normal, adaptive reductions in skeletal 
muscle protein degradation protect patients consuming low- 
protein diets from losses in lean body mass. Metabolic acidosis 
blocks the metabolic responses to dietary protein restriction in 
two ways: (1) it stimulates irreversible degradation of the 
essential, branched chain amino acids; and (2; it stimulates 
degradation of protein in muscle. 54 Thus addosis may limit the 
ability of patients to adapt to dietary protein restriction. 
Metabolic acidosis also suppresses albumin synthesis in 
humans and may reduce the concentration of serum albumin. 
These findings have not yet been confirmed in dogs and cats. 

Azotemia Azotemia is defined as an excess of urea or other 
nonprotein nitrogenous compounds in the blood. Loss of 
renal function leads to accumulation of a wide variety of 
nonprotein nitrogen-containing compounds, including urea 
and creatinine. Many waste products of protein catabolism 
are excreted primarily by glomerular filtration. Thus patients 
with primary renal failure have impaired ability to excrete 
proteinaceous catabolites because of marked reduction in 
GFR, Retention of metabolic waste may be further aggravated 
by impaired tubular secretion, and by extrarenal factors that 
promote renal hypoperfusion and increased catabolism of body 
tissues. Although accumulation of wastes is largely the result of 
decreased renal excretion or increased protein catabolism, pro¬ 
duction of some compounds may also be increased (e.g., 
guanidine). Because these compounds are derived almost 
entirely from protein degradation, their production increases 
when dietary protein increases. 

Urea is synthesized using nitrogen derived from amino acid 
catabolism. Urea may be excreted by the kidneys, retained in 
body water, or metabolized to ammonia plus carbon dioxide 
by bacteria in the GI tract. Ammonia produced in the GI tract 
is recycled to urea in the liver yielding no net loss of nitrogen 
or urea. Regardless of whether urea per se is toxic, BUN 
concentrations are typically directly related to the protein 
content of the diet. Further, in patients with renal failure, 
BUN concentrations tend to correlate reasonably well with 
clinical signs of uremia. For practical purposes, BUN may thus 
be viewed as a marker of retained uremic toxins. 

In addition to increasing protein intake and declining renal 
function, BUN concentrations may also be increased by 


Plasma PTH concentrations should be determined by 
methods that measure intact PTH using a two-site immuno- 
radiometrie or immunochemiluminometric assay. The two-site 
method uses antibodies directed against two different regions 
of the intact PTH molecule, A commercially available two-site 
immunoradiometric assay (Allegro Intact PTH, Nichols 
Institute Diagnostics, San Juan Capistrano, CA) has been val¬ 
idated for use in dogs and cats. Only intact PTH will be 
ognized because it will be the only form of the peptide to have 
both determinants. Older PTH assays typically detect those 
species of hormone that contain amino acids located in the 
midregion (43 to 68] of the PTH molecule. 

However, because renal insufficiency and failure results in 
reduced renal clearance of the nonbiologic ally active mid¬ 
region PTH fragments, these methods do not accurately 
reflect parathyroid glandular secretion. Thus renal secondary 
hyperparathyroidism is best monitored by use of a two-site 
assay for intact hormone. 

Laboratory Findings 

Metabolic Acidosis Metabolic acidosis is a common mani¬ 
festation of CKD. It results primarily from the limited ability 
of failing kidneys to excrete hydrogen ions, because of 
reduced ammoniagenesis, decreased filtration of phosphate 
and sulfate compounds, and decreased maximal renal tubular 
proton secretion. 51 Impaired renal tubular reabsorption of 
filtered bicarbonate may also contribute to acidosis. Bicarbonate 
wasting and chloride retention results in hyperchloremic 
(normal anion gap] acidosis. When phosphorous and organic 
arid (uric arid, hippuric acid, lactic acid) retention is sufficient, 
high anion gap acidosis results. 

A combination of tubular reabsorption of filtered bicarbon¬ 
ate and excretion of hydrogen ions with ammonia and urinary 
buffers, primarily phosphorous, maintains normal add-base 
balance. As renal function declines, hydrogen ion excretion is 
maintained largely by increasing the quantity of ammonium 
excreted by surviving nephrons. However, at some level of renal 
dysfunction, the capacity to further increase renal ammoniage¬ 
nesis is lost and metabolic addosis ensues. Decreased medullary 
recycling of ammonia due to structural renal damage may also 
contribute to impaired ammonium excretion. 

Chronic metabolic acidosis may promote a variety of 
adverse clinical effects including anorexia, nausea, vomiting, 
lethargy, weakness, muscle wasting, weight loss* and malnutri¬ 
tion, Alkalization therapy is often of value in reversing these 

signs. In addition, chronic mineral add feeding to dogs has been 
shown to increase urinary calcium excretion and progressive 
bone demineralization, the magnitude of which depends on age 
and dietary caldum levels. Studies on the effects of dietary acid¬ 
ification in cats have revealed that chronic metabolic acidosis 
can cause negative calcium balance and bone demineralization 
or negative potassium balance, which may in turn promote 
hypokalemia, renal dysfunction, and taurine depletion, 52 

Severe acidemia may result in decreased cardiac output, 
arterial pressure, and hepatic and renal blood flows and 
centralization of blood volume. 53 Centralization of blood 
volume results from peripheral arterial vasodilatation and 
central venoconstriction. Decreases in central and pulmonary 
vascular compliance may predispose patients to pulmonary 
edema during fluid administration, an effect that may be 
particularly important in patients with acute uremic crises 
requiring intensive fluid therapy. Acidemia also promotes 
re-entry arrhythmias and a reduction in the threshold for 
ventricular fibrillation. Severe acidosis may also influence 
carbohydrate and protein metabolism, serum potassium 
concentrations, and brain metabolism. 

Chronic acidosis may promote protein malnutrition in 
patients with CKD. Protein catabolism is increased in patients 
with acidosis to provide a source of nitrogen for hepatic 
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Gl hemorrhage, enhanced protein catabolism, decreasing urine 
volumes (due to prerenal factors such as dehydration), and cer¬ 
tain drugs (e.g,, glucocorticoids). Urea nitrogen concentrations 
may decline with portosystemic shunts, hepatic failure, and 
low protein diets. Reduced BUN concentration may also indi¬ 
cate protein calorie malnutrition. Because many extrarenal fac¬ 
tors may influence BUN concentration, creatinine is often used 
as a more reliable measure of GFR in patients with CKD, 

BUN concentrations should be interpreted with knowl¬ 
edge of simultaneously obtained serum creatinine values, 
particularly in patients consuming reduced protein diets. The 
ratio of BUN/serum creatinine concentration should decline 
when dietary protein intake is reduced. In patients consuming 
reduced protein diets, an increase in the ratio of BUN/serum 
creatinine concentrations may suggest poor dietary compli¬ 
ance, enhanced protein catabolism, Gl hemorrhage, dehydra¬ 
tion, anorexia or declining muscle mass. 

Hyperphosphatemia The kidneys play a pivotal role in 
regulating phosphorus balance because they are the primary 
route of phosphorus excretion. Renal phosphorus excretion is 
the net of glomerular filtration less tubular re absorption of 
phosphorus. If dietary phosphorus intake remains constant, a 
decline in GFR will lead to phosphorus retention and ulti¬ 
mately hyperphosphatemia. However, during the early stages 
of renal failure, serum phosphorus concentrations typically 
remain within the normal range because of a compensatory 
decrease in phosphorous reabsorption in the surviving 
nephrons. This renal tubular adaptation is largely an effect of 
renal secondary hyperparathyroidism. Increased PTH levels 
promote renal excretion of phosphorous by reducing the 
tubular transport maximum for phosphorous reabsorption in 
the proximal tubule via the adenyl cyclase system. When 
GFRs decline below about 20% of normal, this adaptive effect 
is no longer is able to prevent hyperphosphatemia. 

In dogs with CKD, serum phosphorus concentrations typ¬ 
ically parallel SUN concentrations. Thus hyperphosphatemia 
is common in azotemic patients but unexpected in patients 

with non azotemic renal disease. The primary consequence of 
hyperphosphatemia is development and progression of secondary 

hyperparathyroidism. Increases in serum PTH activities in 

dogs and humans with CKD are closely associated with 
the degree of hyperphosphatemia. 39 - 4 ® Hyperphosphatemia 
was found to be 72% efficient in predicting hyperparathy¬ 
roidism in cats with CKD. 30 

The combination of hyperphosphatemia and a normal 
plasma calcium concentration produces an elevated calcium- 
phosphate product (Ca x P0 4 in units of mg/dL). If the 
calcium-phosphate product exceeds approximately 70, a 
tendency exists for calcium phosphate to precipitate in arter¬ 
ies, joints, and soft tissues. This process is commonly called 
metastatic calcification . Calcification is especially prominent in 
proton-secreting organs, such as the stomach and kidneys, in 
which basolateral bicarbonate secretion results in an increase 
in pH that promotes calcium hydrogen phosphate (brushite) 
precipitation, 55 However, myocardium, lung, and liver are also 
commonly mineralized in patients with CKD, 

Hyperphosphatemia has been directly linked to increased 
mortality in humans and dogs with CKD, 56 - 57 In humans with 
CKD receiving hemodialysis therapy, the adjusted relative risk 
of mortality was stable in patients with serum phosphorous 
concentrations below 6.5 mg/dL, but increased significantly 
above this level. 1M Patients with serum phosphorous in the 6.6 
to 7.8 mg/dL range had 13% higher mortality than patients in 

the reference range (4.6 to 5.5 mg/dL), Patients in the 7.9 to 
16,9 mg/dL range had a relative mortality risk 34% higher 
than patients in the reference range. Mild hyperphosphatemia 
(5.0 to 6,5 mg/dL) was not associated with an elevated 
mortality risk. 


The calcium x phosphorous product showed a mortality 
risk trend similar to that seen for phosphate with patients 
with Ca x P0 4 products greater than 72 having a relative 
mortality risk of L34 relative to products between 42 and 
52 mg 2 /dL 2 . 56 Mortality risk associated with hyperphos¬ 
phatemia appeared to be independent of elevated PTH levels, 
which alone appeared to have only a weak association with 
mortality. However, the statistical association between PTH 
and mortality may have been impaired by use of multiple 
methods for PTH assay in the patients studied. Analysis of 
calcium revealed no correlation with relative risk of death. 2 


Hypercalcemia , Hypocalcemia, and Hypermagnesemia 
Hypocalcemia is a common disorder of calcium found in 
patients with renal failure. In a recent report, ionized hyper¬ 
calcemia was detected In 6% and ionized hypocalcemia in 
26% of 80 cats with spontaneous CKD. 30 Further, mean blood 
ionized calcium concentration was significantly lower in CKD 
cats in this study than in normal control cats, and over half of 
the cats with advanced end-stage CKD were hypocalcemia 
However, when these same 80 cats were evaluated using total 
serum calcium concentrations, hypercalcemia was found in 
21 % of the cats, whereas hypocalcemia was detected in only 
8%. Clearly, serum total calcium concentrations do not reli¬ 
ably reflect ionized calcium concentrations in cats with CKD. 
Similar discrepancies have been observed in dogs with CKD, 
The mechanism of serum total hypercalcemia in the face of 

normal to reduced blood ionized calcium concentrations is 

unclear but may be related to increased concentrations of cal¬ 
cium complexed to retained organic and inorganic anions 
such as citrate, phosphate, or sulfate 

In patients with hypercalcemia, it is important to ascertain 
whether hypercalcemia is the cause, rather than result of CKD. 
Hypercalcemia due to malignancy or hypervitaminosis D is 
most likely to induce renal failure. One way of discriminating 
the cause-and-effect relationship between hypercalcemia and 
renal failure is to determine the patient s blood ionized cal¬ 
cium concentration. Only ionized hypercalcemia promotes 
renal failure. However, true ionized hypercalcemia may occur 

in patients with CKD as a consequence of excessive doses of 

calcitrioi or calcium-containing intestinal phosphate-binding 
agents or in patients with severe renal secondary hyper¬ 
parathyroidism with marked hyperplasia of the parathyroid 
glands. The authors have also observed small increases in ion¬ 
ized calcium concentrations in dogs with early to moderate 
CKD that are not receiving calcitrioi or calcium therapy and 
do not have advanced hyperparathyroidism. The mechanism 
of ionized hypercalcemia in these dogs is unclear. 

Hypermagnesemia is common in CKD because the kidneys 
are primarily responsible for magnesium excretion. 30 Typically 
in CKD, the protein binding of magnesium is normal, com¬ 
plexed magnesium is usually increased, and ionized magnesium 
may be increased, normal, or decreased. Although the homeo¬ 
static mechanisms involved in the control of magnesium are not 
well documented, they appear to rely on the bone, gut, and 
kidney, as found with calcium and phosphorous control. 

Hypokalemia An association between CKD and hypo¬ 
kalemia has been recognized in cats by several investigators, 59 - 60 
In contrast, hypokalemia appears to be an uncommon finding 
in untreated dogs with CKD, occurring primarily as an iatro¬ 
genic complication of fluid therapy in this species. A particu¬ 
larly intriguing concept is that hypokalemia may be a cause of 
CKD in cats, rather than simply a consequence of it. In a 
recent uncontrolled study of the long-term effects of feeding 
a potass;um-restricted, acidifying diet, evidence of renal dys¬ 
function developed in three of 9 cats; renal lesions consisting 
of lymphoplasmacytic interstitial nephritis and interstitial 
fibrosis were observed in five of the 9 cats, 60 However, it is not 
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dear whether potassium depletion or hypokalemia preceded 
the onset of renal failure. In another study, four of 

with induced CKD fed a diet containing 0,3% potassium 

developed hypokalemia, whereas four cats with normal renal 

function fed the same diet did not develop hypokalemia. 61 

Interestingly, muscle potassium content decreased in 

normokalemic cats with spontaneous CFCD r indicating that a 

total-body deficit of potassium may develop well before the 

onset of hypokalemia. 62 These findings support the concept 

that reduced renal function precedes development of 
hypokalemia. 

The mechanism of hypokalemia in cats with CKD has 
remained elusive, but inadequate intake and increased renal 
losses appear to be likely candidates. Inadequate intake of 
potassium could reflect decreased appetite or insufficient 
dietary potassium content. Dietary risk factors for hypokalemia 
include acidifying ingredients, reduced magnesium content, 
and high protein content. It has yet to be established that 
renal potassium wasting occurs in cats with CKD. 

Normally the kidneys closely regulate potassium. Although 
large quantities of K + appear in glomerular filtrate, essentially 
aU is reabsorbed before reaching the distal tubules. Tlie majority 
of potassium appears in urine as a result of potassium 
tion from tubular cells into the lumen in the distal nephron. 
Potassium excretion in these segments of the nephron is 
sensitive to tubular flow rates; rapid urine formation promotes 
potassium secretion, whereas slow urine formation limits 
potassium secretion. Distal potassium secretion is modulated 
by potassium re absorption by the intercalated cells in the 
cortical and outer medullary collecting tubules. Thus in potas¬ 
sium depletion, net potassium absorption rather than 
tion may occur in the distal nephron. 

In patients with CKD, the residual nephrons 
potassium balance by increasing distal tubular secretion of 
potassium. G1 secretion of potassium (primarily in the colon) 
also appears to increase in CKD and may play an important 
role in modulating potassium balance. Because of these adap¬ 
tations, most dogs and cats with CKD are able to tolerate 
normal dietary potassium intake (about 0.6% dry matter) 
until renal dysfunction is very severe. However, the ability to 
rapidly excrete a potassium load may be impaired in CKD 
resulting in transient hyperkalemia. 

Although hypokalemia continues to be detected with some 
regularity in cats with CKD, its neuromuscular manifestations 
are uncommon. Presumably this change is the result of 
increase in the potassium content of feline diets that has 
occurred over the past decade in response to the problem of 
hypokalemia in cats with CKD. 

Although generalized muscle weakness has been described 
as the cardinal sign of hypokalemia, decreased renal function 
and anorexia are probably more common manifestations of 
hypokalemia in cats with CKD, In many cats with CKD and 
hypokalemia, renal function improves after potassium supple¬ 
mentation and restoration of normokalemia, suggesting that 
hypokalemia may induce a reversible, functional decline in 
GFR, Recently, renal function was shown to be adversely 
affected in normal cats when an acidified, potassium-restricted 
diet was fed. 63 Potassium depletion and acidosis appeared to 
have additive effects in impairing renal function in this study. 
Based on these results, it was hypothesized that in cats with 
CKD, a self-perpetuating cycle of excessive urinary potassium 
losses and whole-body potassium depletion may develop that 
is likely to further decrease in renal function. Feeding acidified 
diets or dietary acidifiers to cats with CKD was suggested to 
exacerbate their tendency develop potassium depleti 

Potassium imbalances may disrupt a variety of cell func¬ 
tions. Hypokalemia-impaired protein synthesis has been 

hypothesized to promote weight loss and poor hair coat. 33 
Marked potassium depletion has also been linked to polyuria 


resulting from decreased renal responsiveness to ADH. This 
antagonism to ADH appears to be due to interference with 
generation and action of cyclic AMP and to impairment of the 
countercurrent mechanism. Locally generated prostaglandins 

may mediate at least part of this effect. 


seven cats 


Progression of Chronic Kidney Disease 

A progressive decline in kidney function typically 
months to years in dogs and cats with naturally occurring 
kidney diseases. 64 It is logical to assume that CKD progresses 
consequence of continuing renal damage induced by the 
disease process that initiated CRF. Although this assumption 
may be at least partially correct for some patients, the initiat¬ 
ing cause cannot be identified at the time of diagnosis of CKD 
in most patients. Instead, renal lesions observed in progressive 
nephropathies of diverse origins typically include focal seg¬ 
mental glomerulosclerosis and tubulointerstitial lesions 
(including tubular dilation and interstitial inflammation and 
fibrosis). Glomerular lesions accompanied by varying levels of 
proteinuria are typical of progressive kidney diseases includ¬ 
ing primary tubulointerstitial diseases. In humans, both the 
decline in GFR and long-term prognosis are more closely 

related to the extent of associated tubulointerstitial lesions 
than glomerular lesions. 65 

In rodents, loss of a critical mass of functional renal tissue 
invariably leads to failure of the remaining nephrons, suggest¬ 
ing that CKD may progress through mechanisms independent 
of the initiating ca use. 66 For ex ample, removal of ap proximately 
three quarters or more of the nephrons in rats by surgical 
resection, infarction, or a combination of these techniq ues, results 
a syndrome of progressive azotemia, proteinuria, arterial 
hypertension, and eventually death due to uremia. Lesions 
that develop in the remaining kidney remnant include focal 
segmental glomerulosclerosis and tubulointerstitial lesions, 
including tubular dilation and interstitial inflammation and 
fibrosis. Progressive renal injury and loss of renal function 
occurs in this rodent model of kidney failure, despite the fact 
that the remaining kidney remnant was initially normal 
Numerous studies have been performed in an attempt to 
determine if findings obtained in partially nephrectomized 
rodents are relevant in dogs and cats. Reducing rend mass in 
dogs and cats resulted in mild proteinuria, glomerulopathy, and 
tubulointerstitial renal lesions. 61 - 67 - 68 Although these findings 

consistent with observations in rats, reducing rend mass by se_ 

eighths or less did not consistently result in a progressive dedin e 

in GFR. In studies performed at the University of Georgia, 

gressive decline in GFR was detected in dogs in which rend__ 

bad been reduced by fifteen sixteenths. 57 These findings confirm 
tnat progressive renal disease develops in dogs; however, 
marked reduction in renal mass may be necessary to initiate this 
process in an otherwise normd remnant kidney. 

The preponderance of clinical and experimentd evidence 
suggests that in dogs and cats with stages 3 and 4 CKD, 
progression of rend disease may result, at least in part, from 
factors unrelated to the activity of the mating disease. 469 - 70 
These factors may include intraglomerular hypertension, 
glomerular hypertrophy, hypertension, proteinuria, tubulointer¬ 
stitial disease, and intra renal precipitation of calcium phosphate. 
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Intraglomerular Hypertension and Glomerular 
Hypertrophy Long-term elevations in intraglomerular 
pressure, resulting from transmission of systemic pressures, 
glomerular hemodynamic processes, or both, appear to be 
deleterious over time, Intraglomerular hypertension, with 
consequent glomerular hyperfiltration. 


on. 


occur as a compen¬ 
satory event designed to maintain the total GFR as nephrons 

are lost to disease. In glomerular diseases, intraglomerular 

hypertension may also occur as a compensatory adaptation to 

reduction in permeability of the glomerular capillary wall 
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to small solutes and water. In this setting, the fall in GFR is 
minimized by elevating intraglomerular pressure. Primary 
renal vasodilatation may occur in some diseases such as 
diabetes mellitus. A compensatory increase in glomerular size 
may also occur in all of these settings. 

The mechanisms by which intraglomemlar hypertension 
and hypertrophy injure glomeruli are incompletely understood, 
because multiple factors are involved. Intraglomemlar hyper¬ 
tension may directly injure endothelial cells of the glomerular 
capillaries. In addition, increased glomerular diameter and 
increased capillary wall stress may cause detachment of 
glomerular epithelial cells from the glomerular cap ill ary walls. 
The consequent focal areas of denudation permit increased flux 
of water and solutes through the glomerular capillary wall. 
However, macromolecules cannot cross the glomerular base¬ 
ment membrane and are trapped in the subendothelial space. 

The result is formation of characteristic hyaline deposits in 
glomeruli that progressively narrow the capillary lumens, 
thereby decreasing glomerular perfusion and filtration. Increased 
strain on mesangial cells can stimulate them to produce 

cytokines and extracellular matrix. The release of cytokines, such 

as transforming growth factor-p (TGF-p) and platelet-derived 
growth factor, may mediate the rise in matrix synthesis, 71 The 
consequent expansion of mesangial matrix further encroaches 
on the capillary surface area. 

Although these effects lead to the characteristic glomerular 
lesions of progressive nephropathies, intraglomerular hyper¬ 
tension also impairs glomerular permselectivity leading to 
proteinuria. Proteinuria is thought to be an important patho¬ 
physiologic link between glomerular injury tubulointerstitial 
injury, and progression of renal disease. 

Systemic Hypertension In humans, the association between 
systemic hypertension and kidney disease is well established. 
The Multiple Risk Factor Intervention Trial (MRFIT) identified 

systemic hypertension as a significant risk factor for develop¬ 
ment of end-stage kidney disease. 72 A similar association has 
recendy been identified in dogs, 18 Further, in the Modification 
of Diet in Renal Disease (MDRD) study, the level of systemic 

blood pressure was linked to progression of kidney disease 
among black and proteinuric human CKD patients. 73 

Systemic hypertension leads to progression of kidney 
disease, at least in part, through unopposed transmission of 
systemic hypertension to the glomerular capillary bed result¬ 
ing in glomerular injury. This event occurs particularly in 
patients with CKD because autoregulation of blood flow, 
which normally protects glomerular capillaries from excessive 
pressure, is impaired. Studies in dogs and cats have confirmed 
that reduced kidney function is associated with an adaptive 
preglomerular vasodilatation that permits transmission of 
systemic hypertension to the glomerular capillaries. 70 ^ 

Proteinuria Proteinuria itself may contribute to progressive 
renal injury. 20 Proteinuria is a strong, independent risk factor 
for progression to end-stage CKD in humans. 75 Studies per¬ 
formed at the University' of Minnesota Veterinary Medical 
Center have shown proteinuria to be a risk factor for uremia 
and death in dogs with naturally occurring CKD. Proteinuria 
has also been reported to be related to progression of renal 
disease in dogs with induced renal failure. 69 A relationship 
between proteinuria and progression of renal disease has not 
yet been established in cats. Proteinuria may promote pro¬ 
gressive ren al injury in several wa ys, S ome proposed m echanisms 
include mesangial toxicity, tubular overload and hyperplasia, 
toxicity from specific proteins such as transferrin containing 
iron, and induction of proinfl amm atory molecules such as 
monocyte chemoattractant protein-L Excessive proteinuria 
may injure renal tubules via toxic or receptor-mediated path¬ 
ways or via an overload of lysosomal degradative mechanisms. 


Abnormally filtered proteins accumulate in the renal proximal 
tubular lumens where, after endocytosis into proximal tubular 
cells, they contribute to renal tubulointerstitial injury' through a 
complex cascade of intracellular events. These events include 
up-regulation of vasoactive and inflammatory genes such as the 
endothelln-1 (ET-I) gene, the monocyte chemoattractant 

protein-1 (MCP-1 1 gene, which encodes for an inflammatory 
peptide involved in macrophage and T-lymphocyte recruit¬ 
ment, and the RANTES (regulated on activation, normal T cell 
expressed and secreted) that encodes for a chemotactic 
molecule for monocytes and memory T cells. 76 Formed in exces¬ 
sive amounts* these molecules are secreted toward the basolat- 
era! side of tubular cells and incite an inflammatory reaction. In 
addition, complement components escaping through glomerular 
capillary walls may initiate interstitial injury. Small lipids bound 
to filtered proteins may also be liberated during resorption. 
Inflammatory or chemotactic properties of these lipids may pro¬ 
mote tubulointerstitial disease. Finally, inspissation of filtered 
proteins due to tubular reabsorption of water in the distal 
nephron may lead to formation of casts that obstruct nephrons. 

Tubulointerstitial Disease in Glomerulopathies In 
humans, primary glomerular diseases are typically associated 
with varying degrees of tubulointerstitial lesions. Remarkably, 
it is the intensity of the accompanying or evolving injury in 
the tubulointerstitium, rather than injury in glomeruli, that is 
the most reliable overall predictor of decline in renal func¬ 
tion, 77 In contrast, primary tubulointerstitial diseases as a 
group are the more indolent and slowly progressive of all 
human nephritides. Although the eti ©pathogenesis of canine 
and feline nephropathies is often uncertain, current evidence 
suggests that a substantial portion of canine CKD results from 
primary glomerulopathies, whereas the majority of feline 
CKD appears to be of tubulointerstitial origin. 1178 The indo¬ 
lent course of CKD commonly observed in cats may be 
related to the tubulointerstitial origin of their disease, whereas 
many dogs experience a more aggressive decline in renal func¬ 
tion, perhaps as a consequence of the glomerular origin of 
their primary renal disease. 

Glomerular diseases have the capacity to incite tubuloint¬ 
erstitial disease. Although the mechanisms underlying the 
development of tubulointerstitial disease in this setting 
are not incompletely understood, multiple factors have been 
hypothesized to contribute. 77 As described previously, 
proteinuria is an important factor. 79 Additional factors include 
tubular ischemia related to decreased postglomerular blood 
flow; loss of tolerance with subsequent tubulointerstitial 
damage secondary to immune mechanisms of glomerular 
injury; seeping of inflammatory mediators from inflamed 
glomeruli; renal deposition of calcium phosphate; and 
enhanced tubular ammoniagenesis leading to complement- 
mediated injury of the tubulointerstitium, 77 Evidence indi¬ 
cates that an active immunologic process may be involved in 
the tubulointerstitium of patients with glomerulonephritidies 
beginning early in the course of disease. In some instances this 
process appears to represent an extension of the inflammation 
in glomeruli. 77 In some models of renal disease, corticosteroids 
or other immunosuppressive therapy can ameliorate the tubu¬ 
lointerstitial damage without effect on glomeruli. 80 

Intrarenal Precipitation of Calcium Phosphate 
Phosphate retention begins early in the course of CKD and has 
been implicated in promoting progressive renal injury in 
several species, including dogs and cats. 57 70 - 81 A role for phos¬ 
phorus in promoting progressive CKD is based on the obser- 
vati on that dietary' phosph orus restriction limited rena 1 - rel ated 
mortality in dogs and renal mineralization in cats. Phosphorus 
may promote progression of CKD, at least in part, by pre¬ 
cipitation with calcium in the renal interstitium, This renal 
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mineralization may then initiate an inflammatory reaction, 
resulting in renal interstitial fibrosis and tubular atrophy. 

Other Factors 

Lipids and progression Experimental studies in rodents 
indicate that hyperlipidemia may promote progression of 
renal disease. 83 This association is based on the observation 
that cholesterol loading enhanced glomerular injury whereas 
reducing lipid levels with drugs such as bvastatin slowed the 
rate of progressive injury. Factors responsible for these effects 
are incompletely understood. Exposing glomerular and tubu¬ 
lar cells to low-density lipoprotein and its oxidized variant 
stimulates their proliferation, induces injury and apoptosis, 
and stimulates them to produce extracellular matrix con¬ 
tributing to fibrosis. 19 An additive effect of hyperlipidemia 
and proteinuria has been described in humans with CKD. 83 
Although hypercholesterolemia is common in dogs and cats 
with CKD, the clinical applicability of these findings in other 
species is unclear. Evidence that lipid reduction is beneficial in 
humans with CKD is conflicting. However, a meta-analysis of 
13 prospective controlled studies indicated that lipid reduc¬ 
tion was associated with a lower rate of decline in kidney 
function and decreased proteinuria. 

Metabolic acidosis Metabolic acidosis has been theorized 
to enhance progression of renal failure by activation of the 
alternative complement pathway as a result of enhanced renal 
ammoniagenesis. 77 In human patients with CKD, reducing 
renal ammoni agenesis and renal tubular peptide catabolism was 
accompanied either by reduced renal tubular injury or by tubu¬ 
lar hyperfunction. However, recent studies in rats have failed to 
confirm a role for acidemia and enhanced renal ammoni agene¬ 
sis in renal injury and progression of renal failure. 85 Longer-term 
studies have suggested that effects initially attributed to 
enhanced renal ammoni agenesis may have been transient or 
related to the timing of therapeutic intervention in the previous 
study These researchers concluded that metabolic acidosis nei¬ 
ther causes nor exacerbates chronic renal injury. Further, the 
renal protective effect of alkali therapy is unproven in humans 
with CKD. Studies performed by the authors in cats with 
induced CKD have likewise failed to identify an adverse effect 
of chronic acidosis on renal structure or function. 


DIAGNOSTIC EVALUATION 


Patients with CKD should be evaluated to determine their 
diagnosis (type of kidney disease), severity, complications, 
comorbid conditions (concurrent diseases unrelated to CKD), 
and risk for continued loss of kidney function. 3 Morphologic 
diagnoses usually require evaluation of kidney biopsy samples. 
However, renal biopsies are indicated only when the benefits 
of renal biopsies (e.g., the results are likely to substantially 
change the prognosis or treatment) outweigh the associated 
risks. 


Severity of CRD is classified based on the level of renal 
function. Serum creatinine concentration is the most com¬ 
monly used measure of severity of renal dysfunction and is the 
basis for staging CKD (see Box 260-2). To optimize accuracy of 

staging of CRD, serum creatinine concentrations used to stage 
CRD should be evaluated when the patient is well hydrated. 
Multiple measurements are desirable to establish accuracy and 
stability of renal dysfunction* However, renal function may be 
more accurately measured using plasma clearances of iohexol, 
inulin, or other substances excreted exclusively by glomerular 
filtration. 87 91 Plasma clearance studies are indicated in at least 
three settings. First, they provide an accurate measure of renal 

dysfunction in stages 1 and 2 patients where serum creatinine 
determinations may be insensitive. 

Second, they provide a basis for dose adjustments for drugs 
that are potentially toxic and are excreted primarily by the 
kidneys. Third, they are an excellent means of assessing 
progression of CKD. Because body muscle mass commonly 
declines as CKD progresses through stages 3 and 4, endo¬ 
genous production of creatinine from muscle creatine may 
decline, confounding interpretation of serial serum creatinine 
values. 

Appropriate management of complications and comorbid 
conditions may improve patient quality of life, as well as 
short- term and long-term survival (see Box 260-5). 
Diagnostics necessary to identify complications and comorbid 

conditions associated with CKD are outlined in Box 260-6, 

The prevalence of complications of CKD is mainly related to 
the level of renal function as reflected in the stage of CKD. 
CKD is typically characterized by alterations in a variety of 
kidney functions in addition to impaired GFR. These may 
include impairment of the (1) filtration barrier for plasma 
proteins (resulting in albuminuria and proteinuria), (2) reab¬ 
sorption or secretion of water or specific solutes, and (3) vari¬ 
ous endocrine functions (anemia due to erythropoietin 
deficiency, calcitriol deficiency, and renal secondary hyper¬ 
parathyroidism) . These functional derangements are the basis 
of most complications of CKD* 

Comorbid conditions are concurrent diseases other than 
CKD, Because patients with CKD are typically middle-aged 

to older, they often have a substantial number of comorbid 
conditions. Comorbid conditions of particular frequency and 
concern for dogs and cats with CKD include UTIs, urolithia¬ 
sis, urinary obstruction, degenerative joint diseases, dental and 
other oral diseases, and cardiac disease. In addition, hyperthy¬ 
roidism and upper urinary tract uroliths are common and 
important comorbid conditions in cats with CKD. In a survey 
of 48 cats with CKD, the authors found that 27 had upper 
urinary tract stones. Comorbid conditions may have an impor¬ 
tant influence on prognosis and treatment. 

The level of kidney function tends to decline over time for 
most patients with CKD. It is important to assess the risk for 
loss of kidney function so that therapy may be designed to 

minimize progressive decline in GFR can be initiated. The risk 
of progression of kidney disease is affected by diagnosis and by 
modifiable and nonmodifiable factors. Some of these factors 
can be assessed even before the decline in GFR (Box 260-7). 
Therapies designed to slow progression of CKD may be specific 


&4 


Chronic hypoxia It has been hypothesized that chronic 
oxygen deprivation to the tubulointerstitial compartment 
contributes to scarring in the tub ulointerstitium , 86 Chronic 
hypoxia is thought to result from compromise of blood flow 
to the interstitial capillary network downstream from 
inflamed glomeruli. Concurrently, the peritubular capillary 
network downstream from other vasodilated glomeruli may 
be damaged subsequent to transmission of systemic blood 
pressures to this normally low-pressure capillary network. 
The resultant tubulointerstitial hypoxia is hypothesized to 
promote fibrosis by regulating gene expression of a broad 
spectrum of molecules including growth factors, hormones, 
vasoactive compounds, and enzymes. For example, in vitro 
studies have indicated that hypoxia is a profibrotic stimulus 
for tubular epithelial cells, interstitial fibroblasts, and renal 
microvascular endothelial cells* Hypoxia has been shown 
to induce a wide variety of growth factors, including many 
implicated in the pathogenesis of progressive renal disease, such 
asTGF-pl and platelet-derived growth factor (PDGF). 

The apparent beneficial role for ACE inhibitors in mini¬ 
mizing progressive renal diseases is consistent with the pro¬ 
posed role for chronic hypoxia* In theory, ACE inhibition 
could protect the kidneys by enhancing interstitial oxygen 
delivery through dilating the efferent arterioles, reducing 
vascular resistance, and improving microvascular flow through 
the interstitium. 







* Chronic Kidney Disease 


CHAPTER 260 


1773 


v 




Risk Factors That May Promote Progression 
of Renal Failure 


Problem-Specific Data Base for Patients 
with Chronic Renal Failure 


Risk Factors for Acute Decline in Renal Function: 

Volume depletion 
Urinary obstruction 
Potentially nephrotoxic drugs: 

Antibiotics 

Nonsteroidal anti-inflammatory drugs (NSAIDs) 
Angiotensin-converting enzyme (ACE) inhibitors and 
angiotensin-2 receptor blockers 
Intravenous radiographic contrast agents 


1, MedicaI history including medication review 
2* Physical examination including retinal examination 

3. Urinalysis with urine sediment 

4. Quantitative urine culture 

5* Complete blood count (CBQ 

6* Urine protein/creatinine ratio (if indicated by urinalysis) 
7* Serum urea nitrogen (SUN) concentration 
8. Serum creatinine concentration 
9- Serum (or plasma) electrolyte and acid-base profile 

including: 

a* Sodium, potassium, and chloride concentrations 

b. Blood gas analysts or total serum C0 2 concentrations 

c. Calcium, phosphorus, and albumin concentrations 
10* Arterial blood pressure 

11, Kidney-bladder-urethra survey radiographs 
a* Kidneys—size, shape, location, number 
b« Uroliths or masses affecting kidneys, ureters, or 
urethra 

c* Urinary bladder—size, shape, location, uroliths 
12* -Clinician should consider 

a* Additional imaging studies as indicated (clinician 
i should rule out urinary obstruction, renal uroliths, 
pyelonephritis, renal cystic disease, perinephric - ~ 
pseudocysts, and renal neoplasia): 
l Renal ultrasound 
it* Intravenous urography 
b* Determining glomerular filtration rate (GFR) 
l Plasma clearance of iohexol, inulin, creatinine, 
or other 

ii * Cla ssi ca I cl ea ranee m et hods or sci ntig raph ic 
methods 

c. Determining parathyroid hormone (PTH) and 
ionized calcium levels for managing renal secondary 
by perpa rathy raid i sm 

d* Skeletal radiographs for evidence of renal 
osteodystrophy, mea s u rement of ca rba my I ated 
hemoglobin concentration, or parathyroid gland 
ultrasonography when the distinction between 
acute and chronic kidney disease (CKD) remains 
unresolved 
e* Renal biopsy 

f, Prior to initiating therapy, clinician should consider 
freezing aliquots of serum (or plasma) and urine for 
additional diagnostics that may be desired later 


Risk Factors for Long-Term Decline in Renal Function 

Active renal disease 
Urinary tract infection (UTI) 

Nephrolithiasis and ureterolithiasis 
Systemic hypertension 
Protein u ria 
Inappropriate diet 


kidney function, management of comorbid conditions, and 

therapy designed to slow loss of kidney function, 3 To this end, 
clinical action plan should be developed for each patient 
based on their diagnosis, stage of CKD, existing complications 
and comorbid conditions, and risk factors for progression of 
their kidney disease. 

Specific therapy for CKD is based on a renal diagnosis. 
Treatment is directed at the etiopathogenic processes respon¬ 
sible for the patient's primary renal disease. Because the renal 
lesions of CKD are irreversible, they cannot be completely 
reversed or eliminated by specific therapy. Nonetheless, pro¬ 
gression of renal lesions may be slowed or stopped by therapy 
designed to eliminate active renal diseases. Specific therapies 
are described in the chapters of this text on glomerular dis¬ 
eases, bacterial infections, familial renal diseases, and renal 
tubular disease. Unfortunately, a renal diagnosis amenable to 
specific therapy is not obtained for most patients. 

Treatment directed at the complications of decreased 
kidney function is often termed conservative medical manage¬ 
ment. It consists of supportive and symptomatic therapy 
designed to correct deficits and excesses in fluid, electrolyte, 
acid-base, endocrine, and nutritional balance thereby mini¬ 
mizing the clinical and pathophysiologic consequences of 
reduced renal function. Conservative medical management 
also includes therapy designed to limit the progressive loss of 
renal function* 

The goals of conservative medical management of patients 
with chronic primary renal failure are to (1) ameliorate clini¬ 
cal signs of uremia; (2) minimize disturbances associated 
with excesses or losses of electrolytes, vitamins, and minerals; 
(3) support adequate nutrition by supplying daily protein, 
calorie, and mineral requirements; and (4) modify progression 
of renal failure. 32 These goals are best achieved when recom¬ 
mendations regarding conservative medical management are 
individualized to patient needs based on clinical and labora¬ 
tory finding. Because CRF is progressive and dynamic, 
serial clinical and laboratory assessment of the patient and 
modification of the therapy in response to changes in the 
patient's condition is an integral part of conservative medical 
management. 


a 








for the diagnosis (e.g., antibiotics for bacterial pyelonephritis), 
whereas others are supportive (e.g*, dietary intervention, anti- 
hypertensive therapy and angiotensin-converting enzyme 

[ACE] inhibitors). 


TREATMENT OF CHRONIC KIDNEY DISEASE 


Overview of Treatment 

Treatment of CKD should generally include specific therapy, 
prevention and treatment of complications of decreased 
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Dietary Therapy 

Dietary Modifications in Renal Failure D iet therapy h as 
been a mainstay in the management of canine and feline 
CKD for decades and it continues to be the most commonly 
ommended treatment for these patients. In the past, the empha¬ 
sis has been on reducing protein content. Although protein 
content continues to play an important role in diet formulation, 
other diet modifications are also important in managing renal 
failure p atients. Diets recommended for dogs and cats with ren al 
failure are modified from typical maintenance diets in several 
ways, including reduced protein, phosphorus, and sodium 
tent; increased B-vitamin content and caloric density; and 
tral effect on acid-base balance. Feline renal failure diets 
typically supplemented with additional potassium. Canine renal 
failure diets may have an increased omega-3/omega-6 polyun¬ 
saturated fatty add (PUFA) ratio. Diets may also have added 
fiber designed to enhance GI excretion of nitrogenous wastes. 
Of these diet modifications, only phosphate, omega-3 FUFA, 
and protein have been extensively examined, 

Dret phosphate Renal diets are limited in phosphorus 
content to limit phosphorus retention, hyperphosphatemia, 
renal secondary hyperparathyroidism, and progression of renal 
disease. Phosphate balance results largely from the interaction 
between dietary intake and renal excretion. Ingested ph 
phate is cleared from blood by glomerular filtration, and then 
total excretion is adjusted by modifying proximal tubular 
reabsorption. As renal function declines, renal tubular reab¬ 
sorption of phosphorus declines (increasing renal excretion) 
in an attempt to compensate for the reduction in glomerular 
filtration, thereby maintaining phosphorus balance. However, 
if phosphorus intake continues unabated, the renal adaptive 
capacity soon becomes overwhelmed and phosphorus reten¬ 
tion and hyperphosphatemia develop. 

Although phosphorus retention and hyperphosphatemia 
probably do not cause clinical signs, they may promote renal 
secondary hyperparathyroidism and renal mineralization that 
enhances progressive decline in renal function. Dietary phos¬ 
phorus restriction has been shown to enhance survival and a 
slow decline in renal function in dogs with induced renal 
failure. 57 In cats, dietary phosphorus restriction has been 
shown to limit renal mineralization. 

Available evidence supports a recommendation for dietary 
phosphate restriction for dogs and cats in stages 3 and 4 CKD. 
Because protein is a major source for phosphate, it is usually 
necessary to limit dietary protein to limit diet phosphate content. 

Omega-3 polyunsaturated fatty acid Dietary supple¬ 
mentation with omega-3 PUFA have been shown to be bene¬ 
ficial in dogs with induced CKD. Compared with dogs fed 
diets high in saturated fats or omega-6 PUFA, dogs consuming 
a diet supplemented with omega-3 PUFA had lower mortality, 
better renal function, fewer renal lesions, less proteinuria, and 
lower cholesterol levels. 93 In dogs fed the omega-3 PUFA diet, 
renal function actually increased and remained above baseline 
over 20 months of study. Lesions of glomerulosclerosis, tubu¬ 
lointerstitial fibrosis, and interstitial inflammatory cell infiltrates 
were also diminished in dogs fed the omega-3 PUFA diet. 
A variety of effects attributed to omega-3 PUFA supplem 
tation may have contributed to the favorable renal effects 
observed, including their tendency to reduce hypercholes¬ 
terolemia, suppress inflammation and coagulation (by interfer¬ 
ing with the production of proinflammatory, procoagulant 
prostanoids, thromboxanes, or leukotrienes), lower blood pres¬ 
sure, favorably influence renal hemodynamics, provide antioxi¬ 
dant effects, or limit intrarenal calcification. A subsequent study 
supported possible roles for altered lipid metabolism, glomeru¬ 
lar hypertension and hypertrophy, and urinary eicosanoid 
metabolism in the beneficial renal effects of omega-3 PUFA. 94 


Available evidence supports a recommendation for dietary 
supplementation with omega-3 PUFA for dogs in stages 3 and 
4 CKD. The optimum quantity of omega-3 PUFA supplemen¬ 
tation and ratio of omega-3/omega-6 PUFA appropriate for 
renal diets have not been conclusively established. Additional 
omega-3 PUFA supplementation may not be appropriate for 
dogs already consuming a renal diet enhanced with omega-3 
PUFA. Currently, no evidence supports a recommendation for 
or against omega-3 PUFA supplementation for cats with CKD. 

Diet protein Although the ideal quantity of protein to 
feed dogs and cats with CKD remains unresolved, a general 
consensus of opinion supports the fact that reducing protein 
intake ameliorates clinical signs of uremia in CKD and is there¬ 
fore indicated for stage 4 CKD. BUN can be used as a crude 
measure of compliance with dietary recommendations because 
it declines as dietary protein intake is reduced. Although not 
generally regarded as an important uremic toxin, BUN is a 
surrogate marker for retained nonprotein nitrogenous waste 
products and typically correlates better with clinical signs than 
serum creatinine concentration. ✓ 

The concept of reducing dietary protein intake in CKD 
patients that do not have clinical signs of uremia has been 
questioned. Limiting protein intake has been advocated for 
these patients to slow progression of CKD. This suggestion 
derives from studies in rats indicating that dietary protein 
restriction limits glomerular hyperfiltration and hypertension 
and slows the spontaneous decline in kidney function that 
follows reduction in kidney mass, 66 Studies in humans have 
supported the concept that protein restriction slows progres¬ 
sion of CKD, albeit this effect may be small. 95 In contrast, 
multiple studies have failed to confirm a beneficial role for 
protein restriction in limiting progression of kidney disease in 
dogs or cats. 92 When not excessive, limiting protein intake does 
not appear to have any adverse effects, and it may be easier to 
i niti ate tre atment with ren al diets before the onset of clinical 
signs of uremia. In addition, protein restriction may delay onset 
of clinical signs of uremia as renal disease progresses. Although 
a role for protein restriction in slowing progression of canine 
and feline CKD has not been entirely excluded, available 
evidence fails to support a recommendation for or against 
protein restriction in patients with stage 3 CKD. 

Diet Therapy—Evidence from Clinical Trials The effec¬ 
tiveness of diet therapy in minimizing uremic episodes a nd mor¬ 
tality in dogs with naturally occurring stage 3 and stage 4 CKD 
has been established in a double-masked, randomized, controlled 
clinical trial. 1 The study compared a renal diet to a prototypical 
canine maintenance diet. The renal diet was characterized by 
reduced quantities of protein, phosphorus, and sodium 
pared with the maintenance diet, and it was supplemented with 
omega-3 PUFA. In this study the risk of developing an uremic 
crisis was reduced by approximately 75% in dogs fed the renal 
diet compared with dogs fed an adult maintenance diet, and the 
median interval before development of uremic crisis in dogs fed 
the renal diet was twice as long as that observed in dogs fed the 
maintenance diet. Further, the risk of death irrespective of the 
cause was reduced by at least two thirds when dogs were fed 
the renal diet, and renal death risk was reduced by 70%. 

Dogs fed the renal diet survived at least 13 months longer 
than dogs fed the maintenance diet. In addition, owners of 
dogs fed the renal dietTeported significantly higher quality of 
life scores for their dogs than owners of dogs consuming the 
maintenance diet. The delay in development of uremic crises 
and reduced mortality observed in dogs fed renal diet was 
associated, at least in part, with reduction in the rate progres¬ 
sion of renal failure. 

The effectiveness of diet therapy in cats has been tested in 
a prospective study comparing a renal diet characterized by 
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protein and phosphorus restriction to no diet change. 64 Cats 
that would not accept the renal diet, either due to pet or 
owner issues, continued to eat their regular diet. Therefore 
this study was neither randomized nor blinded, but it 
nonetheless yielded results similar to those observed in the 
canine study Cats fed the renal diet (median survival time 
[MST], 633 days) survived substantially longer than cats that 
continued to consume their regular diet (MST, 264 days). In 
addition, plasma urea nitrogen, phosphorus, and PTH concen¬ 
trations were reduced in cats that consumed the renal diet. 


The sum effect of these changes is that for many drugs 
normally excreted by the kidneys, a tendency exists for drugs to 
accumulate in patients with renal failure. Excessive drug accu¬ 
mulation promotes an increased rate of adverse drug reactions 
and nephrotoxicity. If drugs requiring renal excretion must be 
administered to patients with renal failure, dose regimens 
should be adjusted to compensate for decreased organ func¬ 
tion. However, dose adjustments may not be appropriate for 
drugs that are administered to a physiologic endpoint or effect 
such as antihypertensive agents. 96 

Because drug accumulation in patients with reduced kidney 
function is primarily a result of reduced renal drug clearance, 
dose adjustments should be made according to changes in 
drug clearance. Net renal excretion of a drug is a composite of 
glomerular filtration, tubular secretion, and tubular re absorp¬ 
tion, Generally it is assumed that these three factors all decline 
in parallel Therefore drug clearance may be estimated by mea¬ 
suring GFR, either by plasma disappearance rate (e.g., iohexol 
disappearance rate) or classical clearance studies. Drug dose 
may then be adjusted according to the percentage reduction 
in GFR (i.e., the ratio of patient GFR/normaJ GFR), also known 
as the dose fraction (Kf): 


Indications for Diet Therapy In the past, criteria for 
timing of dietary intervention in dogs and cats with sponta¬ 
neous CKD have been based on empiric observations. An 
often-cited guideline has been to initiate dietary therapy 
when serum creatinine exceeds 2.5 mg/dL or the SUN 
exceeds 60 to 80 mg/dL, More recently, one investigator rec¬ 
ommended a staged approach whereby dietary phosphorus 
restriction and omega-3 PUFA dietary supplementation be 
implemented in dogs with serum creatinine values below 4,0 
mg/dL with dietary protein restriction recommended only in 
dogs with serum creatinine values exceeding 4.0 mg/dL. 4 
However, the clinical trial data available to date have demon¬ 
strated a benefit of dietary intervention in both stage 3 and 
stage 4 CKD, In a randomized, controlled clinical trial in dogs 
with naturally occurring CKD, diet therapy significantly 
reduced the risk of uremic crises and death in dogs with 
serum creatinine concentrations between 2.0 and 3.0 mg/dLd 
These studies did not selectively determine the benefits of 
modifying individual dietary components, but rather report 
the results of a diet effect . Although studies on individual 
dietary components have been reported in dogs and cats with 
induced renal failure, the potential interactions between com¬ 
ponents have not been examined, nor have the results of these 
studies been confirmed in clinic patients. 

Currently available data supports recommending therapy 
with appropriately modified diets in dogs and cats in stages 3 

and 4 CKD. The value of diet therapy in stages 1 and 2 CKD 
has not been established; therefore no evidence supports a 
recommendation for or against diet therapy in these patients. 

Drugs—Medication Review and Dose Modification 

A review of current medications should be performed at each 
clinic visit, including dose adjustment based on level of kidney 
function, detection of potential adverse effects on kidney 
function or complications of CKD, detection of drug inter¬ 
actions, and, where indicated, therapeutic drug monitoring. 3 
The clinician should ensure that all current medications 
are still necessary and that new medications have specific 
indications and do not pose a risk of drug interaction. 

Because the kidneys are responsible for elimination of many 
drugs from the body, renal drug clearance is reduced as renal 
function declines, causing the half-life of the drug to be pro¬ 
longed, In addition, distribution, protein binding, and hepatic 
biotransformation of drugs may be altered. For example, two 
protein-binding defects are seen in renal failure. 50 One group 
of primarily acidic drugs shows decreased binding leading to 
increases in free, active drug fractions in plasma fe.g., theo¬ 
phylline, methotrexate, diazepam, digoxin, salicylate). The 
effect of this change in binding is that lower doses of drugs are 
required to achieve therapeutic levels, but conventional doses 
may result in toxic levels. Basic drugs, such as propranolol or 
cimetidine, have increased binding leading to a decrease in free 
drug levels, thus diminishing the therapeutic effect. Increased 
total drug levels may be required to achieve the desired thera¬ 
peutic effect with these drugs. However, these effects may be 
complicated by decreased renal clearance of the drugs. 

Further, accumulation of active drug metabolites may 
augment drug potency or toxicity. 


K f = (patient GFR/normal GFR) 

Dose regimens can be adjusted by increasing the normal 
dose interval or decreasing the normal dose in direct propor¬ 
tion to Kf . 97 The interval extension method is particularly 
useful for drugs with wide therapeutic ranges and long plasma 
half-lives in patients with renal impairment. Interval length¬ 
ening will result in wide swings of the plasma drug concen¬ 
trations from peak to trough levels, if the range between the 
toxic and therapeutic levels is too narrow, either toxic or 
subtherapeutic plasma concentrations may result. For drugs 
excreted 100% unchanged by the kidneys, a precise increase 
in dose interval may be calculated by dividing the normal 
dosing interval by Kf; 

Modified dose interval = (normal dose interval/Kf) 

For example, if a drug is normally administered every 8 hours 

and the patient's GFR is 25% of normal (i.e., Kf - 0.25), then 
the appropriate dosing interval is (8 hrs -r 0.25) or 32 hrs.The 
calculated dose interval should be rounded to a convenient 
time schedule. 

Alternatively, the size of the individual doses can be 
reduced while maintaining the normal time interval between 
doses. Decreasing the individual doses reduces the difference 
between peak and trough plasma concentrations. This effect is 
important for dugs with narrow therapeutic ranges and short 
plasma half-lives in patients with renal dysfunction and is 
recommended for drugs for which a relatively constant blood 
level is desired. Dose reduction may be determined by multi¬ 
plying the normal dose by Kf: 

Modified dose reduction - fnormal dose x Kf) 

For example, if the normal dose is 10 mg/kg given every 

8 hours and the patient's GFR is 25% of normal (i.e,, Kf = 0,25), 

then the appropriate dose is (10 mg/kg x 0.25) or 2.5 mg/kg 
given every 8 hours. Even using the reduced dose, normal 
interval method, the first dose of drug should be administered 
at the usual dose to initiate therapeutic drug concentrations in 
tissues and blood. 

There have been no controlled clinical trials to establish 
the efficacy of the two methods for drug dose alteration in 
patients with CKD, Prolonging the dose interval is usually 
more convenient and less expensive. A combination of interval 
prolongation and dose size reduction may also be convenient 
and effective. 

Dose of antimicrobial drugs may be modified according to 
three general patterns, depending on the fraction of the drug 
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eliminated by the kidneys (Table 260-1): (I) doubling the 
dosing interval or halving the drug dose in patients with 
severe reduction in renal function, (2) increasing the dose 
interval according to ranges of creatinine clearance values, and 
(3) precise dose modification as described previously Drugs 
in the first category are relatively nontoxic. The second 
class includes drugs requiring dose modification according to 
GFR values because they are more likely to be toxic. For drugs 
in this class, dosing interval is increased twofold when GFR i 
between L0 and 0.5 mL/min/kg, threefold when GFR is 
between 0.5 and 0,3 mL/min/kg, and fourfold when GFR 
less than 0,3 mL/min/kg. Drugs in the third class include 
relatively toxic antimicrobial drugs that are excreted solely by 
glomerular filtration (particularly aminoglycoside antibiotics). 
They require precise dose modification according to Kf 
For these drugs, increased interval, fixed dose regimens appear 
to result in less nephrotoxicity than reduced dose, fixed 


interval methods. A combination of dose reduction and inter¬ 
val extension has been recommended for animals with 
markedly reduced kidney function (GFR < 0.7 mL/min/kg). 

Although GFR is the preferred measure of renal dysfunction 
for modifying drug therapy, serum creatinine concentration is 

universally available measure of renal dysfunction, 
A regression equation relating serum creatinine concentration 
to GFR in dogs has been established, 98 
Although the relationship between 
concentration and GFR is not linear, the reciprocal of 
creatinine concentration may be used to approximate GFR 
when serum creatinine concentration is less than 4 mg/dL. 
This rule of thumb will overestimate GFR when 

tinine 


a more 


is 


serum creatinine 

serum 


is 


serum crea- 

concentration exceeds 4 mg/dL. Despite increased 
expense and effort involved, it is recommend that GFR be 
used as the basis for modifying drug dose schedules whenever 
possible. This recommendation is particularly relevant when 
potentially nephrotoxic drug must be administered. 

Patients with preexisting renal disease and renal failure 
may also be predisposed to nephrotoxicity. For this reason, 
nephrotoxic drugs and drugs requiring renal excretion should 
generally be avoided in patients with renal failure. Where 
possible, less nephrotoxic drugs should be chosen. If nephro¬ 
toxic drugs are unavoidable, therapeutic drug monitoring and 
serial evaluation of renal function is essential. 

So-called complementary medications (sometimes called 
herbal medicines, naturopathic remedies , and pkytomedicines) are 
becoming increasingly popular. The potential for interactions 
with prescribed medications or simple adverse consequences 
patients with reduced kidney function should be consid¬ 
ered for patients receiving these medications. Herbal products 
that should be avoided in patients with renal dysfunction 
include aristolochic acid, barberry, buchu, Chinese herbal 
drugs, juniper, licorice, and noni juice. 96 
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Drug Dose Modifications for Patients with Renal 
Insufficiency and Failure 


DOSE 


ADJUSTMENT 

ROUTE{S) OF NEPHRO- INRENAL 
EXCRETION* TOXIC? 


DRUG 


FAlLUREt 


in 


Amikacin 
Amoxicillin 
Amphotericin B 
Amprcillin 
Cephalexin 

Cephalothin 

Clindamycin 

Chloramphenicol 
Cydophosph amide 

Corticosteroids 
Dicloxacillin 

Digoxin 
Doxycycline 
Enrofloxadn 
Furosemide 
Gentamicin 
Heparin 
Kanamycin 
Neomycin 

Nitrofurantoin 

Orbaloxacin 

Penicillin 

Propranolol 
Streptomycin 
Sulfisoxazole 
Tetracycline 
Tobra myci n 

Trimethoprim/ 

s u Ifa met hoxazole 

Routes oi excretion: R t Renal; M t hepatic; GJ, gastrointestinal; 

O, other (minor route in parentheses), 

’Dose modification: N, Normal; DA t half dose or double dose 
interval fin severe renal dysfunction); adjust according to 
Ccr (®cc text) ; Pr, precise dose modi fication (see text—clinician 
should adjust it according to Kf); C/I, contraindicated; A , clinician 
should avoid in advanced renal failure. 
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Phosphorus Retention, Hyperphosphatemia, 
and Renal Secondary Hyperparathyroidism 

Serum phosphorus concentrations represent the net balance 
between dietary intake and renal excretion of phosphorus. 
I ht s e 1 o3 e inan 11 aining serum phosphorus concentrations 
within the normal range as renal function is lost requires 
m ud i fi c a tion of ph osphorus intake, in theory, opti mum control 
of hyperphosphatemia would be achieved by reducing dietary 
phosphorus intake in proportion to the decrease in GFR. 

Without treatment, phosphorus retention, hyperphos¬ 
phatemia and renal secondary hyperparathyroidism occurs in 
most dogs and cats with stage 3 or stage 4 CKD. 3999 Although 
hyperphosphatemia has been linked to pruritus, conjunctivi¬ 
tis, renal osteodystrophy, and soft-tissue calcification in 
humans, hyperphosphatemia per se is rarely linked to clinical 
signs in dogs and cats with CKD* Rather, minimizing phos¬ 
phorus retention and hyperphosphatemia is an important 
therapeutic goal in patients with CKD because it appears to 

limit renal secondary hyperparathyroidism and prolong 
survival. 

The first step in correcting hyperphosphatemia is to restore 
hydration and correct prerend hyperphosphatemia. Minimizing 
long-term phosphorus retention and hyperphosphatemia may 
be accomplished by limiting dietary phosphorus intake, oral 
administration of agents that bind phosphorus within the 
lumen of the intestines, or a combination of these methods. 
The usual approach is to^tart with diet therapy and add phos¬ 
phorous binding agents if diet therapy alone fails to normalize 
serum phosphorous concentrations. Diet therapy with or 
without phosphate-binding agents normalizes serum phos¬ 
phorus levels in most patients. However, phosphorus restric¬ 
tion alone appears to be insufficient to normalize serum PTH 
levels in some patients. 39 ' 99 In such patients, a combination of 
limiting phosphorus intake combined with a dm inistrati on of 
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calcitriol has been recommended, 39 Nagode and colleagues 39 
have suggested that normalization of PTH levels using 
calcitriol therapy may provide clinical benefits that cannot be 
achieved by phosphorus restriction alone, including ameliora¬ 
tion of many clinical signs associated with CKD. However, 
clinical trials of long-term calcitriol therapy are needed to 
establish the value of this therapy in dogs and cats with CKD. 
Calcitriol therapy is described later in this chapter. 


of the relationship, if any, between dietary phosphorus restric¬ 
tion and hypercalcemia in these two cats is unclear. 

Unfortunately as renal Failure becomes more advanced, 
dietary phosphorus restriction alone may be insufficient to 
prevent hyperphosphatemia. When hyperphosphatemia per¬ 
sists despite dietary phosphorus restriction, administration of 
intestinal phosphorus-binding agents should be considered. 


Intestinal Phosphorus-Binding Agents Phosphor 

binding agents should be used in conjunction with dietary 
phosphorus restriction when dietary therapy alone fails 
reduce serum phosphorus concentrations to the normal 


us- 


Dietary Phosphorus Restriction Dietary phosph 

restriction is an important and effective intervention for ____ 
malizing phosphorus balance It may be effective in normaliz¬ 
ing serum phosphorus concentrations in most stage 3 and 
some stage 4 CKD patients. It will also decrease the dose 
of intestinal phosphorus-binding agents needed to bind 
dietary phosphorus in patients with more severe hyperphos¬ 
phatemia. Dietary phosphorus restriction is dearly indicated 
for patients with hyperphosphatemia, However, because 
phosphorus retention and hyperparathyroidism may occur 
before serum phosphorus concentrations exceed normal 
limits, and because fasting serum phosphorus concentrations 
may not accurately reflect overall phosphorus balance, phos¬ 
phorus restriction may be indicated before the onset of overt 
hyperphosphatemia. 100 

Because proteins are a major source of dietary phosphorus, 
manufactured and homemade renal diets are usually 
restricted in both protein and phosphorus content. Typical 
commercial dog foods contain approximately 3 % to 2% ph 
phorus on a dry matter basis and provide about 2,7 mg/kca! 
or more phosphorus. Modified protein diets designed for dogs 
with renal failure may contain as little as 0.13% to 0.28% 

a dry matter basis and provide about 0.3 to 
0 5 mg/kca 1 of phosphorus. Typical commercial cat foods con* 
tain from 1 % to 4% phosphorus on a dry matter basis and pro¬ 
vide about 2.9 mg/kcal or more phosphorus. Modified protein 
diets designed for cats with renal failure may contain as little 
as 0.5% phosphorous on a dry matter basis and provide about 

0.9 mg/kcal of phosphorus. 

Phosphorus retention in CKD appears to occur in multiple 
compartments. As dietary phosphorus restriction reduces serum 
phosphorus levels, phosphorus leaches out of tissues, delaying 
the overall reduction in serum phosphorus concentration. 
Thus the overall efficacy of dietary phosphorus restriction in 
reducing serum phosphorus concentrations may not occur until 
the patient has been consuming the phosphorus-restricted diet 
for several weeks. In a study in cats with renal insufficiency and 
failure, the effect of restricting dietary phosphorus intake was 
apparent after 28 to 49 days." Samples obtained for determi¬ 
nations of serum phosphorus concentration should be collected 
after a 12-hour fast to avoid postprandial effects. Sample 

hemolysis should be avoided because canine RBCs contain 
substantial quantities of phosph 

The minimum goal of therapy is to bring serum phospho¬ 
rus concentration to within the normal range, although 
centrations between 4.0 and 6.0 mg/dL may be preferred. 
Although PTH levels generally decline as serum phosphorus 
levels decline, normalization of serum phosphorus concentra¬ 
tions is not always accompanied by normalization of PTH 
concentration. In a recent clinical study of cats with chronic 
renal insufficiency and failure, dietary phosphorus 
was associated with a normal serum phosphorus concentra¬ 
tion in 12 of 13 cats, whereas PTH concentration 
malized in only eight of these 13 cats," It is unclear whether 
further reducing serum phosphorus concentration within 
the normal range or using normalization of PTH levels as 

the preferred therapeutic endpoint would be of any clinical 
benefit. 

Hypercalcemia was reported to develop in two cats man¬ 
aged with dietary phosphorous restriction." The significance 


orus 

nor- 


to 


range. 

Dietary phosphorus intake should be reduced before initiat¬ 
ing therapy with intestinal phosphorus-binding agents to 
minimize the quantity of phosphorus that must be bound. 
High dietary phosphorus content may greatly limit the effec¬ 
tiveness of phosphorus-binding agents or substantially 
increase the dose required to achieve the desired therapeutic 
effect. 101 Administration of 1500 to 2500 mg of aluminum 
carbonate to dogs with moderate CKD failed to consistently 
correct hyperphosphatemia when dogs were fed diets con¬ 
taining greater than 1,0% phosphorus on a dry matter basis. 102 

Currently available phosphorus-binding agents include 
aluminum-based and calcium-based exchange compounds 
that liberate varying amounts of their associated cation (e.g., 
aluminum, calcium) as dietary phosphorus is bound. Factors 
that may influence selection of a specific phosphorus-binding 
agent include a vail ab ili ty, payability, and the associated 
cation. Aluminum-based binding agents have generally been 
preferred for dogs and cats because they are effective, inex¬ 
pensive, and seemingly have few side effects. However, concern 
about the potential toxic effects of aluminum in humans has 
caused many aluminum-containing drugs to be removed from 
the market. Encephalopathies, microcytic anemia, and bone 
disease (particularly osteomalacia) related to aluminum toxi¬ 
city have been extensively reported in human patients treated 
with these drugs. The potential for toxicity of aluminum salts 
in dogs and cats has been confirmed, but little evidence 
suggests that use of these drugs leads to clinically important 
aluminum toxicity in dogs and cats. Calcium-based drugs have 
the potential to promote hypercalcemia, particularly when 

administered between meals or used in combination with 
calcitriol. 

Aluminum-con tairung intestinal phosph orus-binding agents 

include aluminum hydroxide, aluminum carbonate, and alu¬ 
minum oxide. Initial doses of 30 to 100 mg/k^/day have been 
recommended for these al uminum-based phosphorus- binding 
agents. They are available over-the-counter in liquid, tablet, or 
capsule forms from most pharmacies as antacid preparations. In 
humans, capsules and tablets are less effective than liquids, but 
liquid preparations may be unpalatable to some dogs and cats. 
Sucralfate, a complex poly aluminum hydroxide salt of sulfate 
used primarily for treatment of Cl ulcerations, may also be 
effective in binding phosphorus within the intestine. 

Calcium-based phosphorus-binding agents include calcium 
acetate, calcium carbonate, or calcium citrate. Because calcium- 
based products may promote clinically significant hypercal¬ 
cemia, it is recommended that serum calcium concentrations 
be monitored intermittently when using these drugs. They 
should not be used in hypercalcemic patients. When indicated, 
they may be used between meals as a source of additional 
dietary calcium. Calcium supplementation may increase the 
efficacy of phosphorus restriction in normalizing renal secondary 

hyperparathyroi dism. 

Reduced doses of calcium carbonate and calcium acetate 
may be used concurrent with aluminum-based binding agents 
to limit risks of both hypercalcemia and aluminum toxicity. 
However, calcium citrate may promote absorption of 
aluminum and should therefore not be used in concert with 
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aluminum-based binding agents. Calcium acetate is the most 
effective calcium-based phosphorus-binding agent and the 
agent least likely to induce hypercalcemia because it releases 
the least amount of calcium compared with the amount of 
phosphorus it binds. 101 initial doses of 60 to 90 mg/kg/day 
have been recommended for calcium acetate and 90 to 
150 mg/kg/day for calcium carbonate. Some calcium carbon¬ 
ate preparations may not be effective because they fail to dis¬ 
solve well in the G1 tract; clinicians may investigate this by 
examining the stool or obtaining radiographs of the abdomen 
for evidence of radiodease tablets that have failed to dissolve. 

TTie most recent addition to the phosphorus-binding 
mentarium is the cationic polymer agent sevelamer hydrochlo¬ 
ride (Renagel® Tablets and Capsules, Genzyme Corp., 
Cambridge, MA). The primary advantage of this drug is that it 
does not promote hypercalcemia or absorption of aluminum. 
However, it is more expensive than older phosphorus-binding 
agents. In addition, concerns have been raised over its poten¬ 
tial for inducing vitamin-K deficiency and hemorrhage. In pre- 
dinical studies in rats and dogs, sevelamer hydrochloride 
reduced vitamin D, £, K, and folic acid levels when given at 
doses of six to 100 times the recommended human dose. In 
clinical trials in humans, no evidence of reduction in serum 
levels of vitamins was seen; however, patients in this study 
were receiving vitamin supplements. Scant information exists 
on the safety, effectiveness, or dose of sevelamer in dogs and 
cats. Based on extrapolating the recommended dose from 
humans, an initial dose of 30 and 135 mg/kg per day divided 
and given with meals may he considered. Because the 
tents of Renagel® (Genzyme Corp.) expand in water, the 
manufacturer recommends that tablets and capsules should 
be swallowed intact and should not be crushed, chewed, 
broken into pieces, or taken apart prior to administration, 
Sevelamer reportedly lowers total and low-density lipoprotein 
cholesterol concentrations and elevated high-density lipop 
tein cholesterol levels in humans. 103 Consideration should be 
given to monitoring clotting ability using the prothrombin 
time (PT) if this drug is used in dogs or cats with CKD. 

Intestinal phosphorus-binding agents render ingested 
phosphorus and the phosphorus contained in saliva, bile, and 
intestinal juices unabsorbable. Because the primary goal is 
limiting absorption of phosphorus contained in the diet, 
administration of phosphorus-binding agents should be timed 
to coincide with feeding. These agents are best administered 
with or mixed into the food, or just prior to each meal. It is 
particularly important that calcium-based phosph_ 

binding agents be administered with meals both to enhance 
the effectiveness of phosphorus binding and 

absorption of calcium and the risk of hypercalcemia. 

Dose of phosphorus-binding agents should be individual¬ 
ized to achieve the desired serum phosphorus concentration. 
The effectiveness of therapy should be assessed by serial 
evaluation of serum phosphorus concentrations at about 2- 
to 4-week intervals. Dose of calcium-based phosphorus- 
binding agents should be decreased if serum calcium 
trations exceed normal limits; additional aluminum-based 

agents should be used in these patients if hyperphosphatemia 
persists. 

Dehydration 

Fluid balance in patients with polyuric renal failure is main¬ 
tained by compensatory polydipsia. If water consumption is 
insufficient to compensate for polyuria, dehydration is the 
result. This may occur as a consequence of lack of intake or 
Jack of access to fresh, dean, unadulterated water. Cats and 
some dogs with chronic kidney disease (CKD) fail to 
sufficient water to prevent chronic or recurrent dehydration. 
In addition, acute GJ fluid losses resulting from renal 
renal causes may lead to extracellular fluid volume depleti 


Dehydration and volume depletion promote renal hypoper¬ 
fusion and prerenal azotemia that may exacerbate the clinical 
and laboratory abnormalities of chronic renal insufficiency 
and failure. In addition to prerenal azotemia, dehydration may 
be associated with electrolyte disturbances such as hyper¬ 
phosphatemia, hyperkalemia, and metabolic acidosis. Clinical 
signs characteristic of dehydration include decreased appetite, 
lethargy, and constipation. In some patients, prerenal azotemia 
may precipitate uremic crisis. Further, if dehydration and 

decreased renal blood flow are allowed to persist, additional 
ischemic renal damage may occur. 

Patients that develop recurrent episodes of signs consistent 
with dehydration are candidates for intermediate- to long¬ 
term subcutaneous fluid therapy to be administered at home 
by the owner. The principal benefits of subcutaneous fluid 
therapy include improved appetite and activity and reduced 
constipation. The decision to recommend administration of 
subcutaneous fluids should be made on a case-by-case basis. 
Not every patient with chronic kidney disease and failure 
requires or will benefit from fluid therapy Although a sub¬ 
stantial number of cats with CKD appear to benefit from 
subcutaneous fluid therapy, proportionately fewer dogs 
require fluid therapy. In addition, home administration of sub¬ 
cutaneous fluids is not appropriate for all owners. Although it 
inexpensive, it does require time and may cause stress on 
the owner-pet relationship. It also has the potential to promote 
hypokalemia, hypertension, and fluid overload. Although a 
risk of subcutaneous infections exists, this appears to be an 

uncommon complication when owners are taught proper 
technique. 

Normal saline or lactated Ringer's solution are the fluids 
most commonly used for home subcutaneous fluid therapy. 
They are well tolerated by most cats and dogs and appear to 
be reasonable choices for most patients. However, chronic 
administration of lactated Ringers solution or normal saline as 
the principal maintenance fluid source may cause hyperna¬ 
tremia because they fail to provide sufficient electrolyte-free 
water. Ideally, fluids selected for chronic parenteral adminis¬ 
tration should provide free water and electrolytes for mainte¬ 
nance. A solution containing 0.45% saline and 2.5% glucose 
supplemented with 20 mEq/L of potassium chloride meets 
these requirements. Unfortunately, fluids containing dextrose 
may be irritating when administered subcutaneously, and 
their use should he discontinued if the patient indicates 
discomfort when they are given. A typical cat 

receives approximately 75 to 150 mL of fluids given daily 
needed. Chronic subcutaneous fluid therapy can result in 
fluid overload in some patients, particularly when fluid volumes 
in excess of those recommended here are used. The authors 
have seen several cats have severe dyspnea due to pleural effu¬ 
sion given large quantities of fluid [200 to 400 mL/day). This 
condition can usually be avoided by reducing the volume of 
fluids administered. 

Response to long-term subcutaneous fluid therapy should 
be monitored by serially assessing hydration status, clinical 
signs, hematocrit, total serum protein concentrations, blood 
pressure, and SUN, creatinine, phosphorus, potassium, total 
COsodium, and chloride concentrations. 
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Hypokalemia and Potassium Depletion 

Potassium depletion and hypokalemia are common in cats 
with CKD. Estimates qf the prevalence of hypokalemia in this 
population of cats are in the range of 20% to 30%, 2 ' e - 9 Total 
body potassium depletion is likely to be even more common than 
hypokalemia.^ In contrast, hypokalemia is rarely recognized as a 
complication of canine CKD. The mechanisms underlying 
development of hypokalemia in cats with CKD remain unclear, 
but inadequate potassium intake coupled with increased urinary 
and fecal losses (or both) have been hypothesized to play a role. 
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kidney disease. 59 This recommendation appears to be based 
on the as yet unproved hypothesis that in some cats with 
CKD, hypokalemia and potassium depletion might promote a 
self-perpetuating cycle of declining renal function, metabolic 
acidosis, and continuing potassium losses. It is proposed that 
supplementation may stabilize renal function before potas¬ 
sium depletion exacerbates the disease. Some investigators 
have observed positive responses to potassium supplementa¬ 
tion in several normokalemic cats that had chronic renal insuf¬ 
ficiency and failure. However, results of a recent clinical trial 
suggested that in cats with chronic renal in sufficiency and fail¬ 
ure that initially had normal serum potassium concentrations, 
daily supplementation for 6 months with 4 mEq of potassium 
gluconate was not demonstrably superior to providing sodium 
gluconate in restoring muscle potassium stores.^ However, 
there were only a small number of cats enrolled in this clini¬ 
cal trial. In addition, median muscle potassium content did 
increase in the potassium supplemented cats from 328 to 
402 mEq/kg, a value close to the value of 424 mEq/L estab¬ 
lished for normal cat muscle. Thus although the value of pro¬ 
viding supplemental potassium to cats with chronic kidney 
disease having normal serum potassium concentrations has 
not been established, it is clear that muscle potassium, and 
probably total body potassium stores, are likely to be reduced 
in cats with chronic kidney disease, increasing the risk for 
developing hypokalemia. Further, evidence from this study 
indicates that chronic supplementation of 2 to 4 mEq/day of 
potassium is unlikely to be associated with significant adverse 
events* Based on current data, a recommendation cannot be 
made for or against routine supplementation of potassium* 

Diets that are acidifying and restricted in magnesium 
content may promote hypokalemia. Therefore they should 
generally be avoided in cats with CKD. Intensive fluid therapy 
during uremic crises, particularly with potassium-deficient 
fluids, may promote hypokalemia in cats or dogs that were not 
previously hypokalemic* Therefore serum potassium concen¬ 
trations should be monitored during fluid therapy, and main¬ 
tenance fluids should be supplemented with potassium 
chloride to prevent iatrogenic hypokalemia (concentrations of 
13 to 20 mEq/L are appropriate for maintenance fluids). 
Potassium given intravenously should not be administered at 
a rate exceeding 0*5 mEq/kg/hr, 

Metabolic Acidosis 

Alkalinization therapy designed to correct metabolic acidosis 
plays an important role in management of patients with CKD, 
Potential benefits of alkalmization therapy in these patients 
include (1) ameliorating signs of uremic acidosis, including 
anorexia, lethargy, nausea, vomiting, muscle weakness, and 
weight loss; (2) minimizing the catabolic effects of metabolic 
acidosis on protein metabolism 54 ; (3) enhancing the patient's 
capacity to adapt to additional acid stress resulting from such 
factors as diarrhea, dehydration, or respiratory acidosis; 
(4) limiting skeletal damage (demineralization and inhibited 
skeletal growth) resulting from bone buffering; and (5) recti¬ 
fying adverse effects of severe acidosis on the cardiovascular 
system (impaired myocardial contractility and enhanced 
ven aeon stri ctio n ) * 105 

Although data are unavailable for dogs, a recent study in 
cats with chronic renal insufficiency and failure indicated 
that metabolic acidosis occurred in less than 10% of cats 
with stage 3 CKD, but it approaches 50% of cats in uremic 
crisis. 2 Based on this data, it appears that only a minority of 
cats with clinically stable CKD are likely to benefit from 
routine alkalinization therapy. Thus the decision to intervene 
with alkalinization therapy should be based on a laboratory 
assessment of the patient's acid-base status. Unfortunately, no 

obvious intervention threshold for 
treating metabolic acidosis in dogs and cats. However, in 


Although increasing the potassium content of renal diets has 
reduced the incidence of overt clinical signs of hypokalemia, 
hypokalemia remains a common laboratory finding in cats 
with renal insufficiency and failure. The antihypertensive 
agent amlodipine may promote hypokalemia in cats with 
chronic renal insufficiency and failure, 104 

Hypokalemia and potassium depletion may affect the 
kidneys or muscles of cats with CKD. Diets low in potassium 
and high in add content have been implicated in impairing 
renal function and promoting development of lymphoplasma- 
cytic tubulointerstitial lesions in cats* 33 ® 0 ’ 63 Potassium 
depletion may result in reduced renal blood flow and GFR as 
a consequence of angiotensin II and thromboxane-mediated 
renal vasoconstriction. In addition, hypokalemia may promote 
polyuria by impairing renal responsiveness to ADH and by 
stimulating the brain thirst centers through increased levels of 
angiotensin II. Hypokalemic polymyopathy, characterized by 
generalized muscle weakness and cervical ventroflexion, is a 
well-recognized complication of chronic renal insufficiency 
and failure in cats. 

Oral supplementation of potassium has been recommended 
for cats with renal insufficiency and failure to treat or prevent 
renal and muscular consequences of potassium depletion and 
hypokalemia. Although a consensus of opinion suggests that 
cats with hypokalemia should receive potassium supplemen¬ 
tation, the justification for prophylactic potassium supplemen¬ 
tation in normokalemic cats is not well established. Although 
potassium supplementation is unlikely to be medically harm¬ 
ful to polyuric, normokalemic cats, administration of an oral 
medication may impose an unnecessary burden on both the 
cat and the cat owner. Patient acceptance may be a limitation 
due to the unpleasant flavor of potassium salts that is difficult 

to mask. 

Oral replacement is the safest and preferred route for admin¬ 
istering potassium. Parenteral therapy is generally reserved for 
patients requiring emergency reversal of hypokalemia or for 
patients that cannot or will not accept oral therapy. Potassium 
chloride may be added to fluids administered subcutaneously 

up to 30 mEq/L. 

Potassium may be supplemented orally as the gluconate 
or citrate salts. Potassium chloride is not recommended 
because of its lack of pa Stability and acidifying nature. 
Potassium gluconate may be administered orally as tablets, 
flavored gel, or in a palatable powder form (Tumil-K, Virbac 
Cofp. r Fort Worth, TX). Depending on the size of the cat and 
severity of hypokalemia, potassium gluconate is given initially 
at a dose of 2 to 6 mEq per cat per day. Acidosis is a major risk 

factor for development of hypokalemia and therefore should 
be rectified early in the management of hypokalemia. 
Potassium citrate solution (Polycitra®-K Syrup, Baker Horton, 
Miami, FL) is an excellent alternative that has the advantage 
of providing simultaneous alkalinization therapy. Potassium 
citrate is initially given at a dose of 40 to 60 mg/kg/day 
divided into two or three doses* If muscle weakness is present, 
it usually resolves within 1 to 5 days after initiating parenteral 
or oral potassium supplements. Potassium dose should there¬ 
after be adjusted based on the clinical response of the patient 
and serum potassium determinations. Serum potassium con¬ 
centration should initially be monitored every 7 to 14 days 
and the dose adjusted accordingly to establish the final main¬ 
tenance dose. In patients with hypokalemic polymyopathy, it 
may be necessary to monitor serum potassium concentrations 
every 24 to 48 hours during the initial phase of therapy. It is 
unclear whether all cats require long-term potassium supple¬ 
mentation; however, preliminary evidence suggests that such 
therapy is likely to be required by at least some older cats with 
chronic kidney disease. 

Routine supplementation of low oral doses of potassium 
(2 mEq/day) has been recommended for all cats with chronic 
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chronic renal insufficiency and failure, higher initial blood 
pressure has been reported to be a risk factor for uremic crisis 
and mortality. 18 In addition, retinopathy and hypertensive 
encephalopathy were detected in three of 14 dogs with blood 
pressure values exceeding 180 mm Hg in this study However, 
firm evidence that pharmacologically lowering blood pressure 
will prevent or ameliorate the renal and extrarenal complica¬ 
tions of arterial hypertension in dogs is lacking. 

Lethargy, blindness, retina] hemorrhage and detachment, 
cerebral hemorrhage, seizures, stupor, and ventricular hyper¬ 
trophy have been reported in cats with hypertension. 
Although it is likely that elevated blood pressure promotes 
progressive renal injury in cats, as yet no reported evidence 
confirms this relationship. However, in contrast to dogs, 
studies exist that support the clinical value of therapeutic 
intervention for hypertension in cats. Subcutaneous adminis¬ 
tration of the antihypertensive drug hydralazine was reported 
to reduce the prevalence of seizures that developed as a con¬ 
sequence of hypertension after renal transplantation. 106 In a 
recent study using a surgically induced model of hypertensive 
renal insufficiency, only two of 10 cats receiving the antihy¬ 
pertensive agent amlodipine developed evidence of hyperten¬ 
sive retinal lesions, whereas these lesions developed in seven 
of 10 cats receiving placebo, 107 

Indications for Treatment Unless evidence for hypertensi on - 
related organ injury is seen [eg., retinal lesions, neurologic 
signs) or the systolic blood pressure is greater than 200 mm Hg, 
the decision to initiate antihypertensive therapy is not an 
emergency. Before initiating therapy for arterial hypertension, 
the patient's blood pressure should be established based on 
blood pressure determinations performed at three successive 
clinic visits. Every effort should be made to minimize the 
risk that measured elevations in blood pressure represent a 
transient “'white coat” effect, rather than a sustained elevation 
in blood pressure. 110 

Patients with blood pressure values exceeding 160/ 
100 mm Hg should be considered for treatment. Although 
specific values for diagnosis of arterial hypertension have not 
been established for dogs and cats, current evidence suggests 
that concurrent CKD may place them at increased risk for 
sustaining additional renal injury or developing complications 
associated with elevated blood pressure. 18107 ’ 109 Findings in two 
studies suggested that ocular lesions associated with elevated 
blood pressure occurred in cats with systolic blood pressure 
values exceeding about 160 mm Hg. Similarly, in a study in 
dogs with naturally occurring CKD, the risk for uremic crises 
and increased mortality was reported to be increased in a group 
of dogs with systolic blood pressure values above 160 mm Hg. 
However, this cut off point was arbitrarily chosen in this study 
and therefore should not be interpreted as defining the lower 
limit of hypertension. T 

General Goals and Guidelines for Treatment The 
optimum endpoint For antihypertensive therapy has not been 
established for dogs and cats with CKD. In the absence of 
such information, treatment for arterial hypertension should 
be initiated cautiously with the goal of reducing blood pres¬ 
sure to at least below 160/100 mm Hg. Except in patients 
with acute, severe ocular or neurologic lesions, rapid reduction 
in blood pressure is not necessary. Particularly in dogs, it may 
take weeks to months'to achieve satisfactory blood pressure 
control. 

ACE inhibitors, such as enalapril and benazepril, and 
calcium channel blocking [CCB) drugs, such as amlodipine, 
have potential renoprotecitve benefits and are therefore 
appropriate options for renal patients with hypertension. 111 
ACE inhibitors generally produce a relatively small reduction 


studies performed at the authors' research center, clinicians 
have been unable to demonstrate any adverse clinical effects 
of mild to moderate chronic metabolic acidosis in cats with 
induced chronic renal insufficiency and failure. In absence of 
clear clinical data, the authors recommend considering alka- 
linization therapy for dogs and cats with stable chronic renal 
insufficiency and failure when blood gas analysis confirms 
plasma bicarbonate values remain below 15 mmol/L on more 
than one determination. However, for patients with metabolic 
acidosis associated with a blood pH below 7.10, immediate 
parenteral intervention with sodium bicarbonate should be 
considered to increase the blood pH above this value. 105 

Because serum total C0 2 measurements are of question¬ 
able accuracy and yet remain the most common tool for 
establishing add-base status for most dogs and cats, the authors 
recommend that blood gas analysis be performed to confirm 
metabolic acidosis whenever total CO z declines below 15 
mmol/L. Low serum or plasma total CO z values obtained by 
autoanalyzer techniques should be confirmed by blood gas 
analysis because falsely low total C0 2 readings may occur 
when blood collection tubes are not fully filled or are exposed 
to air while awai ting analysis. 106 In addition, there may be a sub¬ 
stantial systematic difference between blood bicarbonate con¬ 
centrations determined by blood gas analysis and serum total 
C0 2 concentrations determined on autoanalyzers due to 
inherent differences in the analytic methods. Appropriate ref¬ 
erence ranges are equipment and method specific 

Treatment options for alkalinization therapy include 
diet, sodium bi carbonate, and potassium citrate. Most renal diets 
are neutral to sli ghtly alkalinizing in effect and are an appropri¬ 
ate first step in mitigating metabolic acidosis. When several 
weeks of diet therapy alone fails to ameliorate the metabolic aci¬ 
dosis, alkalinization therapy should be considered. 

Oral sodium bicarbonate is the most commonly used alka¬ 
linizing agent for patients with metabolic acidosis of chronic 
renal insufficiency and failure. Because the effects of gastric 
acid on oral sodium bicarbonate are unpredictable, the 
dose should be individualized for each patient. A suggested 
initial dose of sodium bicarbonate is 8 to 12 mg/kg body 
weight given every 8 to 12 hours. Unfortunately, many dogs and 
cats find sodium bicarbonate distasteful unless given as tablets. 
Sodium bicarbonate is available as 5- and 10-grain tablets. 

Potassi um citrate m ay offer th e advantage, especially in cats, 
of allowing for the simultaneous treatment of both hypokalemia 
and acidosis with a single drug. Metabolic acidosis, when 
accompanied by potassium depletion or magnesium deple¬ 
tion, may respond poorly to alkali therapy alone. However, in 
that potassium doses required for adequate correction of 

hypokalemia may exceed the citrate dose required to correct 
acidosis, a risk exists for excessive alkalinization. Starting 
doses of 4 0 to 60 m g/Kg every 8 to 12 h ours are recommended. 

Regardless of the alkalinizing agent chosen, administration 
of several smaller doses is preferred to a single large dose to 
minimize fluctuations in blood pH. The patient's response to 
alkalinization therapy should be determined by performing 
blood gas analysis 10 to 14 days after initiating therapy. 
Ideally, blood should be collected just prior to administration 
of the drug. Dose of the alkalinizing agent should be adjusted 
to maintain blood bicarbonate concentrations within the 
normal range. Because urine pH is often insensitive as a means 
of assessing the need for or response to treatment, it is not rec¬ 
ommended for this purpose. 

Arterial Hypertension 

Rationale for Treatment CKD is the most common recog¬ 
nized cause for arterial hypertension in dogs and cats. In these 
species, hypertension has been linked to renal, ocular, neurologic, 
and cardiac complications. In dogs with naturally occurring 
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Ln blood pressure. 112,11:1 However, because of their beneficial 
role in altering intraglomerular bernodynamics, proteinuria, 
and the profibrotic effects of the intrarenal renin-angiotensin 
system, ACE inhibitors may have renoprotective effects 
in absence achieving adequate blood pressure control. In a 
recent study the ACE inhibitor, enalapril, reduced the severity 
of renal lesions that develop in dogs with surgically reduced 
renal mass. 112 Further, in dogs with naturally occurring 
glomerulopathies, enalapril significantly reduced proteinuria 
and may have been beneficial in stabilizing renal function. 22 
Based on this, they appear to be the preferred an ti hy p erten- 
sive agent for dogs with CKD. However, the role of the 
angiotensin-aldosterone system (RAAS) and ACE inhibitor 

therapy in cats with CKD and hypertension is more contro¬ 
versial, 114 ' 117 Evidence that activation of the RAAS is consis¬ 
tently central to the genesis of hypertension in cats is 
contradictory, and ACE inhibitors have not been found to be 
consistently effective in lowering blood pressure in cats with 
CKD. Therapy using either benazepril or enalapril may be 
initiated in dogs or cats with CKD at a dose of 0.5 mg/kg 
given orally every 24 hours. 

Calcium channel blockers preferentially antagonize 
pregbmerular vasoconstriction, which theoretically, should not 
reduce glomerular hypertension. However, CCBs appear to 
have additional renoprotective properties, 111 They may prevent 
renal injury by limiting renal growth, by reducing mesangial 
entrapment of macromolecules, and by attenuating the mito¬ 
genic effects of diverse cytokines and growth factors (e,g., 
PDGF, platelet-activating factor). In addition, amlodipine 
inhibits the in vitro proliferation of mesangial cells. However, 
ciinical trials in humans have provided conflicting results as to 
the renoprotective effect of CCB beyond their antihypertensive 
effects. Controlled studies on the renoprotective effects of 
amlodipine in dogs and cats have not been published. In the 
authors' clinical experience, CCBs have been effective antihy¬ 
pertensive agents in dogs and cats with CKD. Because it is usu¬ 
ally highly effective, has few side effects, and has a relative rapid 
onset, the long-acting dihydropyridine calcium antagonist 
amlodipine is the antihypertensive of choice for most cats with 

CKD. Amlodipine is prescribed at a dose of 0.625 mg for cats 
less than 4 kg and 1.25 mg for cats greater than 4 kg. In cats 
with CKD, amlodipine typically reduces systolic blood pressure 

by about 30 to 50 mm Hg within the first 1 to 2 months of 
therapy 1071 18 General principles of management of hyperten¬ 
sion" are described in Chapter 130, Hypertension. 

Treatment of Anemia of Chronic Renat Failure 

General Guidelines for Min imizin g Anemia 
but often overlooked consideration is minimizing iatrogenic 
blood loss. Iatrogenic loss is especially likely to 
hospitalized cats and small dogs because of repeated sampling 
for diagnostic tests and monitoring. Therefore the quantities 

of blood collected from these patients snould be recorded and 
monitored. 

Chronic low-grade G1 blood loss can also result in moderate 
to severe anemia in patients with CKD that would otherwise 
have sufficient endogenous erythropoietin production to 
maintain their hematocrit values in the tow-normal range. 
These patients may lack overt GI signs or melena. Iron defi¬ 
ciency, microcytosis and an elevation in BUN/creatinine ratio 
above what is expected in context of the patient's diet may 
provide indirect evidence of occult GI blood loss. Because of 
difficulty in confirming GI hemorrhage, a therapeutic 
with histamine H z -receptor antagonists and sucralfate may be 
considered. Improvements in hematocrit, appetite, or both 
indicate a positive response. 

Iron deficiency is a relatively common problem in dogs and 
cats with CRE In a recent study, the serum iron concentrations 


of 3 of 6 CRF dogs and 3 of 7 CRF cats were below the ref¬ 
erence range (transferrin saturations less than 20%). 
Whether this is related primarily to inadequate intake and 
absorption of iron or increased losses of iron due to GI blood 
loss is unclear. Unfortunately, iron status can be difficult to 
assess in dogs and cats. Serum iron levels can be used to screen 
for both iron deficiency and anemia of chronic inflammatory 
disease as contributing factors in the diagnostic evaluation of 
anemia. In dogs, serum iron levels may not reflect body iron 
stores in that normal values can occur in patients with iron 
deficiency. However, determining stainable iron content in 
bone marrow is helpful in assessing body iron stores and may 
detect problems not identified by serum iron levels or trans¬ 
ferrin saturation. When low serum iron levels reflect true iron 
deficiency, bone marrow stainable iron levels will be low; in 
those with anemia of chronic inflammatory disease, bone 
marrow levels will be normal or high reflecting sequestration. 
The distinction is important because anemia of chronic 
inflammatory disease will not improve in response to iron 
supplements and may even result in iron overload. It is 
sary to identify and remove the concurrent inflammatory dis¬ 
ease to treat anemia of chronic inflammatory disease. 
Transferrin saturation (estimated by dividing serum iron by 
total iron binding capacity) may be useful for assessing the 
ability of the mobilizable iron stores (perhaps independent of 
total tissue iron stores) to meet the demands of erythropoiesis 
and, thus is particularly useful in evaluating patients during 
periods of increased erythropoiesis such as during recombi¬ 
nant human erythropoietin (rHuEFO) therapy. 

Oral supplementation with ferrous sulfate is the preferred 
therapy for treatment of iron deficiency anemia and also 
for prevention of iron-deficient erythropoiesis in patients 
starting erythropoietin replacement therapy Alternatively, 
iron dextran may be administered by intramuscular injection. 
However, parenteral administration of iron is associated with 
a small risk of anaphylaxis, shunting of iron to reticulo¬ 
endothelial storage, and iron overload. Although 
iron levels and transferrin saturation should be monitored 
to adjust therapy, starting doses of iron sulfate of 50 to 
100 mg/day for cats and 100 to 300 mg/d ay for dogs have 
been recommended. Oral iron supplements may be associated 

with GI upset and diarrhea, so small divided doses may be 
preferable. 

In addition to iron deficiency, other nutritional abnormali¬ 
ties may contribute to anemia in patients with CKD, Protein 
malnutrition and its attendant changes in plasma amino acid 
and hormone concentrations is known to cause suboptimal 
erythropoiesis and anemia. Similar changes occur in human 
patients and may reflect mild protein/calorie malnutrition 
commonly present in advanced CKD. Although they have not 
been examined in dogs and cats, deficiencies in riboflavin (vita¬ 
min B 2 ), eobalamin (vitamin Bj£), folate, niacin, or pyridoxine 
(vitamin B 6 ) might theoretically induce nutritional 
Vitamin status cannot be easily determined m dogs and cats; 
however, deficiencies should be suspected in patients with 
persistent anorexia, protein and calorie malnutrition, or GI 
malabsorption. In addition, some drugs may predispose the 
patient to nutritional anemia even when dietary intake is 
normal. For example, therapy with trimethoprim 
methotrexate may interfere with cellular folate metabolism. 
Hypersegmentation of the polymorphonuclear leukocytes may 
provide a clinical indication of vitamin B 12 or folate deficiency. 

Risk of nutritional deficiencies can be minimized through 
timely initiation of proper diet modifications and, if necessary, 
use of dietary supplements. In addition to minimizing renal 
anemia, preventing protein and calorie malnutrition may reduce 
morbidity. B vitamins, folate, and niacin can be provided 
oral supplement often with iron. 33 Care must be taken with 


U9 


even 


renin- 


neces- 










serum 


An obvious 


occur in 


anemia. 


or 


course 


as an 




SECTION XVIII 


1782 


Urinary System 


multivitamins not to oversupplement the fat soluble vitamins A 
and D, 

RBC life span is decreased in advanced CKD, Proposed 
mechanisms for this mild hemolytic tendency include a 
malfunctioning of the membrane Na + -K + -ATPase pump and 
impaired regeneration of reduced glutathione needed to prevent 
hemoglobin oxidation. Cat hemoglobin appears to be espe¬ 
cially prone to oxidative stress as evidenced by the frequent 
observation of Heinz bodies in their RBCs. Cats with CKD 
having large numbers of Heinz bodies tend to be 
Drugs and foods (e,g,, onions, propylene glycol, methylene 
blue, sulfonamides) that promote formation of Heinz bodies 
should be avoided in uremic pets whenever possible, 

PTH has been postulated to play a role in the pathogenesis 

of anemia of CRF. PTH inhibits growth of all bone 
cell lines in vifra. However, leukopenia and thrombocytopenia 
are not characteristic of CKD, arguing against an important 
role for PTH-induced bone marrow suppression. In a clinical 
series of canine CKD patients with anemia, the authors found 
no correlation between PTH levels and the degree of 
anemia, 34 

It has been postulated that increased serum phosphorus 
leads to increased intracellular red cell phosphorus. This in 
turn increases red cell 2,3 DPG levels, a noteworthy finding in 
anemic CRF patients. 34 Increased 2 f 3 DPG levels 
rightward shift in the oxyhemoglobin dissociation 
improving tissue oxygenation and decreasing the stimulus for 

erythropoietin synthesis, 

Anabolic Steroids Anabolic steroids were at one time the 
mainstay of therapy for anemia associated with CKD, 
Although controlled safety and efficacy studies in dogs and 
cats are lacking, clinical experience with anabolic steroids has 
been disappointing. With the advent of rHuEPO therapy, 
androgens have largely fallen out of favor for treatment of 
renal anemia in human and veterinary medicine. Based 
studies in human patients and clinical experience with veteri¬ 
nary patients, androgens appear to work in only a small 
percentage of patients (usually those mildly affected), have a 
long delay to onset of action, and may be associated with 
undesirable side effects. Administration of anabolic steroids 
for treatment of dogs and cats with anemia of CKD should 
probably be limited to those patients with symptomatic 
anemia in which all other factors adversely affecting erythro- 
potesis (nutritional deficiencies, blood loss, hemolysis, concur¬ 
rent disease) have been eliminated and other treatment 

options (erythropoietin, transfusion) are unavailable or have 
been exhausted. 

Blood Transfusion Transfusions of packed RBCs or whole 
blood may be indicated for anemic CKD patients who need 
rapid correction of their anemia, as in preparation for surgery. 
For some patients, repeated transfusions can be used for long¬ 
term maintenance of hematocrit. However, several drawbacks 
have limited the use of this therapy in dogs and cats, includ¬ 
ing lack of availability and expense of blood products, increas¬ 
ing risk of transfusion reactions with multiple transfusions, 
risk of immunosuppression, risk of transfer of infectious agen ts, 
and decreased life span of transfused cells in uremic patients. 
Even for the first transfusion, only compatible blood products 
(as determined by cross-matching) should be used in both 
dogs and cats. The post-transfusion target hematocrit should 
be the low end of the normal range. This should be adequate 
to reverse the anorexia and fatigue associated with the 
while minimizing the complications of too rapid an increase 
in blood volume and viscosity such as circulatory overload, 
hypertension, and seizures. 

Hormone Replacement Therapy Hormone replacement 
therapy using rHuEPO has become the treatment of choice 


for anemia of CKD in cats and dogs when hematocrit values 
decline below about 20% and clinical signs are atfributable 
to the anemia. Administration of rHuEPO causes a dose- 
dependent increase in hematocrit, 119 Correction of hemat¬ 
ocrit to low normal takes approximately 2 to 8 weeks, 
depending on the starting hematocrit and dose given. As the 
anemia is corrected, most clients report that their pets show 
increases in appetite, body weight, energy level, and sociability, 
initially, erythropoietin is usually administered at a dose of 50 
to 150 U/kg subcutaneously three times weekly. Most dogs 
and cats should be started at 100 U/kg administered three 
times weekly. Hematocrit is monitored weekly or biweekly 
until a target hematocrit of approximately 30% to 40% for 
cats and 37% to 45% for dogs is achieved. 119 When anemia is 
severe (hematocrit < 14%) but does not require transfusion, 
daily therapy with 150 U/kg may be preferred for the first 
week. In the presence of hypertension or when anemia is not 
severe, a dose of 50 U/kg three times per week may help to 
prevent increases in blood pressure and iron-defident ery- 
thropoiesis. When a hematocrit at the low end of the target 
range is reached, the dosing interval should be decreased to 
twice weekly. Most animals require 50 to 100 U/kg two to 

three times weekly to maintain their hematocrit in the target 
range; however, the dose and dosing interval required to main¬ 
tain individual patients in the normal range is highly variable. 

Ongoing monitoring of hematocrit will be necessary to allow 
adjustments in dose and dosing interval. Animals requiring more 
than 150 U/kg three times weekly should be evaluated for ery¬ 
thropoietin resistance. Because of the lag time between dose 
adj ustment and effect on hematocrit, patience must be exercised 
so as not to adj ust the dose too frequently. Frequent dose adj ust- 
ments will result in rapid, unpredictable changes in hematocrit 
and an inability to find a stable dosing regimen. In general, dose 
should not be changed any more often than once monthly. 
Avoiding iatrogenic polycythemia is especially important. 

The basis for individual differences in response to rHuEPO 
is incompletely understood . Several causes of blunted response 
or failure to resolve renal anemia with rHuEPO therapy have 
been identified, including functional or absolute iron deficiency, 
anti-rHuEPO antibody formation, ongoing GI blood loss or 
hemolysis, concurrent inflammatory or malignant disease, and 
aluminum overload (not documented in veterinary patients). 
Owner errors related to drug storage, handling, or administra¬ 
tion may account for some instances of poor response to 
rHuEPO therapy. 

The demand for iron associated with stimulated erythr 

poiesis is high, and human patients without pre-existing iron 

overload will exhaust iron storage during rHuEPO therapy. 

The same appears true of dogs and cats. Iron supplementation 

is therefore recommended for all patients receiving rHuEPO 
therapy. 

Adverse effects related to rHuEPO therapy in dogs and cats 
may include systemic hypertension, seizures, local reactions at 
the injection site, and development of antibodies directed at 
erythropoietin3 19 Hypertension may develop or increase in 
severity with rHuEPO therapy. Increased peripheral vascular 
resistance secondary to improved oxygen delivery and j 
sal of the vasodilation induced by chronic hypoxia 
contribute to this effect. Increased blood viscosity associated 
with the increased hematocrit is thought to be only a minor 
contributor. Seizures have been observed in human, canine^ 
and feline patients being treated with rHuEPO that have 
prior history of a seizure disorder. 119 In dogs and cats, they have 
been reported in the setting of moderate to severe azotemia. 
Although hypertension, anemia, and uremic encephalopathy 
may be contributory, in humans, seizures are thought to be 
related to compensatory adaptations to increases in RBC 
mass. Seizures are not thought to be directly related to 

rHuEPO. 
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Allergic reactions, including cutaneous or mucocutaneous 
reactions or cellulitis sometimes with fever and arthralgia, 
were uncommonly observed in both dogs and cats early in the 
course of rHuEPO therapy. 119 Lesions generally resolved 
within a few days and some did not recur when therapy was 
reinstated. 

The most important complication associated with use of 
rHuEPO is refractory anemia and hypoplasia of the erythroid 
bone marrow associated with formation of neutralizing anti- 
rHuEPO antibodies. 119 In some affected patients, the severity 
of anemia was worse than before initiation of rHuEPO treat¬ 
ment. This observation suggested that the anti-rHuEPO anti¬ 
bodies were effective in interfering with the erythropoietin 
effects of rHuEPO and endogenous erythropoietin. The 
rHuEPO protein appears to be immunogenic in many, but not 
all, dogs and cats with antibody titers developing at variable 
times from several weeks to months after the onset of therapy. 
After cessation of therapy antibody titers declined. In the 
absence of a widely available anti-EPQ antibody assay bone 
marrow myeloid/erythroid ratios provide the best method to 
ascertain if rHuEPO resistance is due to antibody formation. 
After therapy is stopped and antibody titers decline, sup¬ 
pressed erythropoiesis may be reversible and pretreatment 
levels of erythropoiesis are attained. 

The relatively high prevalence of anti-rHuEPO antibody 
production prompts the question of when to initiate rHuEPO 
therapy Premature initiation of erythropoietin therapy with 
subsequent development of anti erythropoietin antibodies 
may deprive the patient of the clinical benefits of this therapy 
when clinical signs of anemia eventually do develop and 
rHuEPO can be of greatest clinical benefit. When hematocrit 
values are below 20%, anemia likely contributes to adverse 
clinical signs characteristic of uremia. In addition, degree of 
azotemia, expected rate of progression of kidney failure, 
appetite and willingness to eat therapeutic diets, and rate of 
p regression of anemia must all be considered in the risk-benefit 
analysis of when to start therapy. The advantages and disadvan¬ 
tages of rHuEPO therapy should be discussed with the 
when anemia appears to be contributing to the patient's dete¬ 
riorating quality of life. Many pet owners may consider quality 
of life to be as or more important th an quan tity of life. 

Future Treatment Directions Future options for treatment 
of anemia of CKD may include development of species-specific 
erythropoietin and gene therapy. 120 Although not commerci¬ 
ally available, recombinant canine and feline erythropoietin have 
been developed. 121 They offer the hope of erythropoietin 
replacement therapy in dogs and cats without concern for 
antierythropoietin antibody formation. If concern for antibody 
formation can be eliminated, erythropoietin therapy could be 
initiated earlier in the course of chronic renal insufficiency and 
failure. It also has been demonstrated that gene therapy can be 
used to induce extrarenal production of erythropoietin in cats. 122 

Calcitriol Therapy 

Rationale for Calcitriol Therapy An undesirable 
quence of reduced renal production of calcitriol is renal 
secondary hyperparathyroidism. Calcitriol (1,25-dihydroxyvi- 
tamin D), the most active metabolite of vitamin D, results 
from renal hydroxyl a tion of 2 5-hy droxyvita min D. Normally, 
calcitriol inhibits PTH synthesis and release and parathyroid 
gland growth, an effect mediated by the vitamin D receptor in 
the parathyroid gland. As functioning renal mass declines, renal 
production of calcitriol declines. In addition, phosphorus reten¬ 
tion also inhibits renal hydroxyl ation of 25-hydroxyvitamin D 
to calcitriol and directly stimulates PTH release. By reducing 
PTH levels, calcitriol therapy minimizes abnormalities associ¬ 
ated with renal secondary hyperparathyroidism. The effective¬ 
ness of calcitriol therapy in reducing PTH levels in dogs and 


cats with CKD is well established. 39 Although PTH has been 
proposed as a potential uremic toxin responsible for many 
constitutional signs or uremia, the clinical benefits of reducing 
PTH levels have not been conclusively documented. Nagode 
and colleagues 39 published results of a survey of veterinarians 
that use calcitriol in management of dogs and cats with CKD. 
Results of this survey reveal a high level of enthusiasm for cal¬ 
citriol among veterinarians using the drug. Clinical impres¬ 
sions concerning use of calcitriol in dogs and cats suggest that 
patients seem (1) to be brighter and more alert and interactive 
with owners, [2] to have an improvement in appetite, (3) to be 
more physically active than before treatment, and (4) to have 
longer life spans. Further, these authors provide pathophysio¬ 
logic support for the purported benefits of calcitriol therapy 
through referenced studies from multiple species. In contrast, 
Finco and colleagues, 123 using parathyroidectomy combined 
with an experimental model of renal failure, concluded that 
increased PTH levels do not contribute importantly to clinical 
signs of uremia in dogs. However, this study was not designed 
to directly address the effectiveness of calcitriol therapy in 
managing clinical signs of dogs and cats with CKD. 

Despite reported favorable impressions concerning use of 
calcitriol, its role in managing dogs and cats with CKD should 
be confirmed by randomized, controlled clinical trials. 
Routine clinical practice is never blind, because owners and 
veterinarians know when active treatment is being received. 
Interpretation of uncontrolled studies is confounded by the 
desire of pet owners and clinicians for success, as well as the 
placebo effect, which can cause both parties to overestimate 
efficacy. In addition, calcitriol has the potential to promote 
hypercalcemia and renal injury if improperly used. A recom¬ 
mendation for or against routine use of calcitriol awaits results 
of properly designed controlled clinical trials. 

Guidelines for Using Calcitriol The primary goal of 
calcitriol therapy is to prevent or correct renal secondary 
hyperparathyroidism and its consequences. However, the 
decision to use calcitriol must be made with caution because 
hypercalcemia is a potentially serious complication. Sustained 
cakitrioUinduced hypercalcemia will likely result in reversible 
or irreversible reduction in GFR. Although hypercalcemia 
reportedly occurs in 30% to 57% of humans treated with 
calcitriol, hypercalcemia appears to be an uncommon side effect 
in dogs treated with doses in the range of 2.5 to 3.5 ng/kg/day. 
Hypercalcemia is likely to occur when calcitriol therapy is 
combined with calcium-containing phosphorus-binding 
agents, particularly calcium carbonate. 

Serum phosphorus concentrations must be reduced to 
6.0 mg/dL or lower before initiating calcitriol therapy (see dis¬ 
cussion of management of hyperphosphatemia in this chap¬ 
ter). Serum phosphorus concentrations greater than 6.0 mg/dL 
may inhibit the effectiveness of calcitriol therapy and enhance 
the tendency for calcitriol to promote renal mineralization and 
injury. In addition, phosphorus restriction and calcitriol ther¬ 
apy are likely additive in reducing plasma PTH activities. Thus 
serum calcium and phosphorus concentrations should be care¬ 
fully monitored in patients receiving calcitriol, 

Calcitriol rapidly and effectively suppresses renal secondary 
hyperparathyroidism. An important advantage of calcitriol over 
other forms of vitamin D therapy in CKD is that calcitriol does 
not require renal activation for maximum efficacy. Dogs and 
cats appear to require much lower doses of calcitriol than 
those recommended for humans calculated on the basis of 
body weight, 39 Nagode and colleagues 39 have recommended a 
dose of 2,5 to 3.5 ng/kg body weight per day given orally to 
dogs and cats with CKD. The optimum maintenance dose for 
calcitriol must be determined for each patient based on serial 
evaluation of serum calcium and phosphorus and plasma PTH 
concentrations. The recommended endpoint of calcitriol 
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therapy is normalization of PTH activity in absence of hyper¬ 
calcemia. When the dose of calcitriol necessary to normalize 
PTH levels is associated with hypercalcemia, the daily dose 
may be doubled and given every other day. This approach is 
thought to be less likely to induce hypercalcemia because the 
effect of calcitriol on intestinal calcium absorption is related 
to the duration of exposure of intestinal cells to calcitriol 

When plasma PTH concentration is markedly elevated 
when standard therapy with calcitriol fails to normalize 
plasma PTH levels, pulse calcitriol therapy has been recom- 
mended.* 9 In this approach, patients are given 20 ng/kg of 
calcitriol twice per week in the evening on an empty stomach. 
Pulse therapy is usually used no longer than 1 to 2 months 
suppress resistant hyperparathy roidism. If successful, calcitriol 
is then given at the standard daily dose. Because it enhances 
intestinal absorption of calcium and phosphorus, calcitriol 
should not be given with meals. Custom-made capsules 
liquid preparations containing appropriate doses of calcitriol for 
use in dogs and cats are available from compounding pharma- 
ties. Compounded calcitriol preparations should contain 
priate preservatives to prevent oxidation* 

Early detection of hypercalcemia is indicated to limit the 
extent of renal injury. However, the onset of hypercalcemia 
after initiation of vitamin D therapy is unpredictable [i.e., it 
may occur after days to months of treatment). Therefore 
continued monitoring of serum calcium, phosphorus, and 
creatinine concentrations is necessary to detect hypercalcemia, 
hyperphosphatemia, or deteriorating renal function before 
irreversible renal damage ensues. Serum calcium, phosphorus, 
urea nitrogen, and creatinine concentrations should be moni¬ 
tored 1 week and l month after initiating calcitriol therapy, 
and monthly to bimonthly thereafter The product of 
calcium and phosphorus concentrations should not exceed 
60; the goal is to attain values between 42 and 52.*® Calcitriol's 
rapid onset (about ] day) and short duration of action (half- 
life less than 1 day) permits rapid control of unwanted hyper¬ 
calcemia* If hypercalcemia develops, it is advisable to stop 
treatment completely rather than reduce the dose* Therapy 
may be reinstituted with a reduced dose when serum calcium 
concentration returns to normal and serum phosphorus 
concentration is less than 6*0 mg/dL. 


the dogs progressed to a more advanced level of renal 


once 

dysfunction, dietary protein restriction provided an additional 

period of symptomatic relief, thereby prolonging survival 
further 


Similarly, in a nonrandomized clinical trial, cats fed a renal 
diet survived significantly longer than cats that continued to 

consume their usual diet (633 days versus 264 days)* 64 It was 
not possible to establish the differences between diets used 
in this study, but the therapeutic renal diet was reduced in 
protein and phosphorus content* The renal diet was shown to 
be beneficial in lowering serum phosphorus and PTH concen¬ 
trations, and it was suggested that the beneficial effect of the 
diet may have been related to this effect." 

Treatments designed to limit hypertension and proteinuria 

may also be of value in slowing progression of kidney disease 
and kidney failure. Hypertension and proteinuria are a well- 
established risk factors for progression of renal disease in 
humans* 19 - 124 Similarly, studies at the University of Minnesota 
Veterinary Medical Center have shown that elevated blood 
pressure and proteinuria are risk factors for uremic crises and 
increased mortality in dogs with stages 3 and 4 CKD. 18 The 
effects of blood pressure and proteinuria on progression of 
feline CKD have not been established* 

Experimental and clinical evidence has confirmed the 
beneficial effect of blood pressure control on slowing progres¬ 
sion of diabetic and nondiabetic nephropathies in humans. 19125 
In one large clinical trial, the renoprotective effect of antihy¬ 
pertensive therapy was further enhanced by maintaining blood 
pressure below the usual target value* 126 As a consequence, the 
“ideal" blood pressure to attain using antihypertensive therapy 
human patients with CKD remains unresolved. Patient 
factors such as the presence or absence of proteinuria may also 
influence the goals of therapy. Ajitih ypertensi ve therapy 
most effective in limiting progression of kidney disease ir 
patients with proteinuria. A greater reduction in blood pres¬ 
sure appears to be necessary for equivalent renoprotection i 
patients with greater levels of proteinuria. 19126 Further, inde¬ 
pendent of blood pressure control, reducing proteinuria has 

been shown to have a favorable influence on kidney disease 
progression. 127 

Evidence supporting the renoprotective value of antihyper¬ 
tensive therapy in dogs and cats with naturally occurring CKD 
lacking. However, studies performed in dogs with induced 
CKD indicate that administration of the ACE inhibitor, 
enalapril, limited glomerular and systemic hypertension, 
proteinuria, and glomerular and tubulointerstitial lesions* 112 
Interestingly, enalapril was renoprotective in this study, despite 
the fact that the dogs had only mild hypertension and rela¬ 
tively modest proteinuria. Enalapril has also been reported 
ameliorate proteinuria and stabilize renal function in dogs with 
naturally occurring glomerulopathies with protein/creatinine 
ratios greater than 3.0, 22 Enalapril therapy was associated with 
a reduction in proteinuria of over 50%. Over the 6 months of 
study, serum creatinine increased by more than 0,2 mg/dL in 
13 of 14 dogs receiving placebo, but only three of 16 dogs 
receiving enalapril In this study, enalapril significantly reduced 
systolic blood pressure from a mean of 154+/-25 before ther¬ 
apy to 142+/-19 after 6 months of treatment. 

In humans, ACE inhibitors are generally considered to be 
the antihypertensive drugs of choice in patients with CKD f 
particularly when proteinuria is evident, because they lower 
both systemic and intraglomerular pressures and protein¬ 
uria. 19 Further, ACE inhibitors are indicated for patients with 
proteinuric CKD for the purpose of reducing proteinuria, 

regardless of whether the patient is hypertensive. It appears 
appropriate to consider ACE inhibitor treatment for dogs 
with CKD when systolic blood pressure values 
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Minimizing Progression of Renal Failure 

All patients with CKD are at risk for progressive kidney 
disease. Progression may occur as a consequence of their pri¬ 
mary renal disease, in association with a variety of secondary 
factors that may promote progressive renal disease, or both* 
An important therapeutic goal for managing patients with 
CKD is to minimize or prevent progressive loss of renal func¬ 
tion. Treatment designed to limit progression of kidney disease 
may involve a variety of interventions including diet therapy, 
controlling hypertension, minimizing proteinuria, and modu¬ 
lating the renin-angiotensin-aldosterone system. 

Clinical and experimental evidence indicates that dietary 
intervention may be effective in preserving renal structure 
and function and prolonging survival In a randomized 
trolled clinical trial in dogs with naturally occurring CKD, 
dietary intervention significantly prolonged survival and 
slowed decline in renal function. 3 Dogs consuming the renal 
diet survived an average 593 days, whereas dogs consuming a 
maintenance diet survived an average 188 days. This beneficial 
effect applied over a range of serum creatinine values encom¬ 
passing both stages 3 and 4 CKD* Renal function declined in 
both groups, but the decline 
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was significantly greater in the 
dogs consuming the maintenance diet. The specific mecha¬ 
nisms underlying the beneficial effects of the diet were not 
determined* However, it is likely that at least dietary phos¬ 
phorus restriction and omega-3 PUFA supplementation 
tributed to the favorable effect. 1.57,93.94 iS that 
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Whether combination therapy is safe, effective, and provides 
a therapeutic advantage needs to be determined for dogs and 

cats with CKD. 

Blockade of the renin-angiotensin system limits both 
angiotensin II and aldosterone while retarding progression of 
renal disease. Recent studies have implicated aldosterone as an 
important pathogenic factor in this process. 131 - 132 Selective 
blockade of aldosterone, independent of renin-angiotensin 
blockade, reduces proteinuria and glomerular lesions in rats 
with experimental kidney disease. Where blockade of the 
renin-angiotensin system ameliorates proteinuria and 
glomerular injury, selective reinfusion of aldosterone restores 
proteinuria and glomerular lesions despite continued block¬ 
ade of the renin-angiotensin system. This observation suggests 
an independent pathogenic role for aldosterone as a mediator 
of progressive renal disease. Aldosterone appears to promote 
progressive renal injury through both hemodynamic effects 
and direct cellular actions, 131 It appears to have fibrogenic 
properties in the kidneys, perhaps in part by promoting pro¬ 
duction of the profibrotic cytokine TGF-P. 132 Experimental 
studies have shown that the aldosterone-receptor antagonist 
eplerenone may attenuate proteinuria and renal damage, inde¬ 
pendent of its effect on blood pressure. Although ACE 
inhibitors initially cause an acute reduction in aldosterone 
concentration, this effect is not sustained. It has been pro¬ 
posed that use of aldosterone-receptor antagonists in addition 
to ACE inhibitors will have additional benefits toward pro¬ 
tecting the kidneys. 131 However, the role of this form of ther¬ 
apy has yet to be established. 

Vasopeptidase inhibitors are 

and neutral en do peptidase, an enzyme involved in the break¬ 
down of natriuretic peptides, adrenomedullin, and bradykinin. 
They decrease angiotensin II production and increase accu¬ 
mulation of the previously mentioned vasodilators. In experi¬ 
mental renal disease, they appear to have a greater 
renoprotective effect than ACE inhibitors. 133 Studies on these 
agents have not been reported in dogs and cats with CKD. 

Inflammation is a prominent feature of progressive renal 
diseases. Future therapies are likely to include novel inhibitors 
of specific profibrotic or proinfiammatory cytokines and 
growth factors. The immunosuppressive agent mycophenolate 
mofetil has been shown to be renoprotective in remnant 
kidney rats. 13j * Pirfenidone, an antifibrotic agent, has been 
shown to attenuate renal fibrosis. 135 


ACE inhibitors reduce blood pressure and proteinuria in cats; 
however, their unique renoprotective value has yet to be estab¬ 
lished in this species. 113 As a consequence, recommendations 

concerning use of ACE inhibitors in cats with CKD remain 

unresolved. The dihydropyridine calcium-channel blocker 
amlodipine is the antihypertensive drug of choice for most cats. 
However, in humans, dihydropyridine caldum-channel blockers 
appear to be associated with a greater risk of progression of 
kidney disease, 126 Although clinical impression suggests this is 
not the case in cats with CKD, the effect of amlodipine on pro¬ 
gressive renal disease has not been critically examined in cats. It 
has been suggested that combining amlodipine with an ACE 
inhibitor might have greater renal-sparing potential Studies into 
the clinical value of this drug combination are needed in cats 

with spontaneous renal failure. 

The renoprotective effects of ACE inhibitors cannot be 
explained entirely by their effects on blood pressure. It is 
likely that renoprotection results in part from suppressing 

renal levels of angiotensin II Angiotensin 11 may adversely 
affect the kidneys in several ways (Box 260-8),* 2:1 Because of 
the role of angiotensin II in progression of CKD, angiotensin 
receptor blockers have also been considered for humans with 
CKD. 128 Angiotensin receptor blockers and ACE inhibitors 
differ in the mechanism by which they inhibit angiotensin II* 
The ACE inhibitors block conversion of angiotensin I to 
angiotensin II. However, angiotensin ! I formation is not com¬ 
pletely inhibited because it can also be generated by a 
nonACE-dependent pathway such as by the enzyme chymase. 
In addition, because bradykinin is normally degraded by ACE, 
ACE inhibitor therapy is associated with elevated bradykinin 
levels, Bradykinin is a vasodilator that may have renoprotec¬ 
tive effects by stimulating nitric oxide production. 
Angiotensin receptor antagonists block the type 1 receptor 
but leave type 2 receptor effects unopposed, which appears to 
be important in vasodilation. In rats with nephropathy, 
angiotensin II antagonism has been reported to normalize pro¬ 
teinuria, eliminate inflammatory cell infiltration, and ameliorate 
glomerular and tubular structural changes. 129 A combination of 
angiotensin receptor antagonist and ACE inhibitor has 
been suggested as a way to maximize blockade of the renin- 
angiotensin system by affecting both the bioavailability of 
angiotensin II and also by affecting its activity at the receptor 
level. 130 Each type of drug has been shown to be effective in 
reducing proteinuria and slowing progression of renal disease. 
However, in experimental models and clinical models in humans, 
combination therapy has proven more effective than either 
drug alone. 128 In humans there does not appear to be an increase 
in toxicity or adverse events with combination therapy. 125 


agents that inhibit both ACE 








an 


PATIENT MONITORING 


Response to treatment should be monitored at appropriate 
intervals so that treatment can be individualized to the spe¬ 
cific and often changing needs of the patient. The data base 
obtained before initiating therapy or after correcting an overt 
uremic crisis should be used as a baseline for comparison of 
the patient’s progress. This evaluation should be repeated at 
appropriate intervals. Evaluations every 2 to 4 weeks are sug¬ 
gested until the initial response to therapy can be established. 
However, the frequency of evaluation may vary depending on 
severity of renal dysfunction, complications present in the 
patient, and response to treatment. Patients receiving therapy 
with erythropoietin or calcitriol require frequent, life-long 
monitoring. After th e initi al response to th erapy has been estab¬ 
lished, dogs and cats in stages 1 and 2 CKD may require evalu- 
a tion as infrequently as every 6 to 12 months. However, pati ents 
with substantial proteinuria may require monitoring much more 
frequently, depending on the course of their disease. Cats and 
dogs in stages 3 and 4 CKD should be re-evaluated about every 
2 to 4 months, depending on the stability of their renal func¬ 
tion. Specific recommendations for monitoring are described in 
the various treatment sections. 


Potential Adverse Effects of Angiotensin U 
on die Kidneys 


Glomerular hypertension 
Impaired glomerular permselectivity 
Mesangial cell proliferation 

Induction of TGF-p, thereby increasing production of 
extracellular matrix 

I ncreased a Idostero ne prod uction 
Macrophage activation; activation of inflammotion- 
related tra nscri ption fa ctors 

Increased production of plasminogen activator inhibitor-1 


Modified from Rosenberg ME: Chronic kidney disease: progression. 

NephSAP 2(3):94, 2003, 
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Glomerular Diseases 


Shelly L Voden 


lomeruJar diseases are a leading cause of renal disease 
and renal failure in dogsd In randomly selected dogs, 
the incidence of glomerular lesions is as high as 43% to 
90%, 2 and the incidence appears to increase with age. 3 

Glomerular diseases also occur in cats, although they are less 
common. It has been accepted that amyloidosis and glomeru¬ 
lonephritis are the most common glomerular diseases of 
dogs and cate (Box 261-1). However, to make progres & toward 
improved diagnosis and management of dogs and cats with 
glomerular disease, veterinarians must come to consider the 
different forms of glomerulonephritis as specific entities: 
membranous glomerulopathy mem bran ©proliferative glomeru¬ 
lonephritis and proliferative glomerulonephritis (including 
the subclass ol IgA nephropathy). The proposed pathogenesis 
of each entity is somewhat different; in humans this leads to 
different clinical features and specific treatment 
dations for each disease. 4 s Hereditary nephritis and minimal 

change disease are less common glomerular diseases in dogs 
and cats. 


CLINICAL FINDINGS IN GLOMERULAR DISEASE 
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Signal merit 

Glomerular disease can develop in a dog of any age but 
appears to be most common in middle-aged to older dogs. The 
prevalence of microalbuminuria, a marker of increased 
glomerular permeability, increases as dogs age, with more 
marked increases seen beyond 6 years of age, 7 The average age 
of 375 dogs with a variety of glomerular diseases reported in 
five studies was 8.3 years, L 8-11 Male and female dogs 
equally represented. However, the average age and gender 
predilection seen with specific glomerular diseases varies 
somewhat from the overall averages. Glomerular diseases 
often occur secondary to another disease process. Infectious 
and non infectious inflammatory diseases may be more likely 
in young and middle-aged animals, whereas neoplasms are 
more common causes of glomerular disease in older patients. 
Familial glomerular diseases often are manifested at an early 
age. Several breeds of dogs are known to have familial 
glomerular diseases (Fable 261-1). Labrador retrievers and 
golden retrievers may have a higher incidence of glomerular 
disease; however, the possibility that this increased represen¬ 
tation reflects the popularity of these breeds requires further 
evaluation, 8 - 12 

History 

The clinical signs associated with glomerular disease vary 
considerably, depending on the severity of proteinuria and the 
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NORMAL GLOMERULAR STRUCTURE 
AND FUNCTION 
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The glomerulus is a modified capillary bed that functions 
filter, across which an ultrafiltrate of the plasma is formed. 4 - 5 
The filtration barrier is composed of three layers: the fenestrated 
endothelium, the glomerular basement membrane [GBM] 
and the visceral epithelial cells, or podocvtes (Figure 261-1). 
This complex structure is freely permeable to water and small 
dissolved solutes hut retains cells and most macromolecules, 
such as proteins. The major determinant of passage into 
the filtrate is molecular size. Small molecules, such as inulin 
(5000 da I tons), pass freely through the filter. Substances 
retained with increasing efficiency as they increase in size to 
approximately 60,000 to 70,000 daltons; only small amounts 
ol substances larger than this are filtered. Although the issue 
currently is a matter of dispute, many believe that ionic charge 
also influences filtration, and that negatively charged proteins 
are retained to a greater extent than would be predicted 
by size alone.' 1 The podocyle foot processes and the slit 
diaphragms between them, as well as the basement mem¬ 
brane and the endothelium, are rich in negatively charged 
glycoproteins, creating this charge barrier. These poly anions 
are believed to play an important role in the maintenance of 
normal glomerular permeability and visceral epithelial cell 
shape. Albumin, a negatively charged protein with a molecu¬ 
lar weight of 69,000 daltons, is normally largely excluded 
from the filtrate. 

Despite this complex filtration system, small amounts of 
albumin and other proteins are normally found in the filtrate. 
Substantial degradation of these proteins occurs, resulting in 
excretion only of peptide fragments, which are not detected 
by routine total protein assays. Proteins and peptide fragments 
may also undergo resorption in the nephron distal to the 
glomerulus. 
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Glomerular Diseases Described in Dogs and Cats 


are 


Amyloidosis 

Focal segmental glomerulosclerosis 
Glomerulonephritis 
Crescentic type (rare) 

Me mb ran ©proliferative form 
Type I (mesangiocapillary) 

Type II {dense deposit disease)? 

Proliferative glomerulonephritis (mesangial and 
end oca p i I la ry) 

IgA nephropathy 
Glome ru bscleros is 
Hereditary nephritis ^ 

Lupus nephritis 

Membranous glomerulopathy* 

Minimal change glomerulopathy 


'Membranous glomerulopathy is the most common glomerular 
disease in cats; other glomerular diseases appear to be uncommon 
in cats. 
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Diseases Reported in Association 
with Glomerular Disease in Dogs 
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Systemic Disease (Glomerular Disease) 

Infectious 
Bacterial 

Bo Heliosis (MPCN) 

Ba rta n ell osis (G) 

Brucellosis (G) 

Endocarditis (G) 

Pyelonephritis (A) 

Pyometra (A, C) 

Pyoderma (A, G) 

Other chronic bacterial infections {A, G) 

P rotozoa l 

Babesiosis (MPGN) 

Hepatozoonosis (G) 

Leishmaniasis (A, MPGN, MN, P-E and M) 
Trypanosomiasis (G) 

R icketts i al 

Ehrlichiosis (G) 
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Figure 261-1 Electron micrograph of a glomerular capillary 

wall showing the filtration barrier composed of the fenestrated 
endothelium, the glomerular basement membrane, and the 
visceral epithelial cell (podocyte). (Courtesy 1C. Jen nett e, Chapel 
Hill, NC, School of Medicine, University of North Carolina.) 


presence or absence of renal failure,* 5 9 n Many animals with 
glomerular disease are asymptomatic, and proteinuria is 
delected during routine health screening. Alternatively animals 
may manifest specific signs related to an underlying inflam¬ 
matory infectious, or neoplastic condition (Boxes 261-2 
and 261-3) t Signs of glomerular disease may be nonspecific 
[e.g., weight loss, lethargy) or consistent with chronic renal 
failure or uremia (polyuria, polydipsia, anorexia, vomiting, 
and malodorous breath). Acute renal failure is a less common 
presentation for animals with glomerular disease. When urinary 
protein losses are severe, signs of fluid reten tion i e.g. f abdominal 
enlargement consistent with asdtes, peripheral edema) or throm¬ 
boembolism (eg., dyspnea, loss of limb function) may be present. 
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Canine adenovirus type 1 (P-M) 

Parasitic 

Dirofilariasis {A, MPGN, MN) 

Fungal 

Blastomycosis (A) 

Coccidioidomycosis (A, G) 

Inflammatory 

Chronic dermatitis (A, C) 

Inflammatory bowel disease (G) 

Pancreatitis (A, G) 

Periodontal disease (A, G) 

Polyarthritis (A, G) 

Systemic lupus erythematosus (A, MPGN, MN, 

P-E and M) 

Other immune~rnediated diseases (G) 
Neoplastic 

Leukemia (G) 

Lymphosarcoma (A, G) 

M a stocyt osis (G) 

Primary erythrocytosis (MCD?) 

Systemic histiocytosis (C) 

Other neoplasms (A, G, MN) 

Miscellaneous 

▼ | * ■• • • it i . * . _ ’« » i • -• • 

Corticosteroid excess (C) 

Trimethoprim-sulfa therapy (G) 

Hyperlipidemia (?) 

Chronic insulin infusion (A) 

Congenital C3 deficiency (MPGN) 

Cyclic hematopoiesis in gray collies (A) 

Familial (see Table 261-1) 

Idiopathic (A, C, MPGN, MN, MCD, P-E or M) 
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Breeds of Dogs with FamiUal Glomerulopathies 


BREED 


GLOMERULAR DISEASE 


Beagle 

Bernese mountain dog 


Amyloidosis 

Mesangiocapillary 

g fo mem lo nephritis 

Hereditary nephritis 
Hereditary nephritis 


Bull terrier 

Cocker spaniel (especially 
English) 

Dalmatian 
Doberman pinscher 


Hereditary nephritis 
Glomerulosclerosis, cystic 
glomerular atrophy 
Amyloidosis 

Glomerular vasculopathy 

and necrosis 
GI o meru lose lero s i s 
Atrophic glomerulopathy 
Hereditary nephritis 
Amyloidosis 

Proliferative and sclerosing 

glomerulonephritis 


English foxhound 
Greyhound 


■ 


Newfoundland 
Rottweiler 
Samoyed (rare) 

Shar Pei 

Soft-coated wheaten 
terrier 


A, Amyloidosis; G, glomerulonephritis, uncharacterized; MPGN, 
membranoproliferative (mesangiocapillary) glomerulonephritis; MN, 
membranous nephropathy; MCD, minimal change disease: P t prolif¬ 
erative (E, endueapi 11 ary or M, mesangial). 
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without proteinuria. 15 ■ 16 In three studies of urine albumin in 
canine models of glomerular disease, microalbuminuria was 
detected prior to increases in the UPC, and the magnitude of 
microalbuminuria increased over time in dogs that eventually 
developed an increased UPC. 1714 It therefore seems reason’ 
able to conclude that a dog with persistent microalbuminuria 
of increasing magnitude should be assessed as having an inju¬ 
rious process to the glomerular filtration barrier and may 
eventually develop overt proteinuria. 

Isosthenuria is a variable finding in dogs and cats with 
glomerular disease. In one study of dogs with glomeru¬ 
lonephritis, 37% had urine specific gravities in excess of 1.035, 
and isosthenuria w>as detected in only 29%, 9 However, dilute 
urine (i.e., a urine specific gravity less than 1.016} was more 
common in dogs with amyloidosis, occurring in 63% of dogs, 
wdiereas only 5.1% were able to concentrate above 1.035. 
The presence of renal azotemia and an intact concentrating 
ability, called glomerulotubular imbalance , is indicative of 
glomerular disease. Cylindruria is common in dogs with 
glomerular disease; casts are most often hyaline but can be 
granular, waxy* or fatty. It is believed that proteins are pack¬ 
aged into casts to protect the renal tubular epithelium from 
their damaging effects. Renal hematuria develops with 
glomerular injury in humans and is more common in specific 
diseases (e.g., IgA nephropathy, mesangial proliferative 
glomerulonephritis)* but it appears to be less common in dogs 
wnth glomerulopathies. 5 Erythrocytes that have passed 
through the abnormal glomerular capillary bed are often 

misshapen; the morphology of urine erythrocytes can be used 

to differentiate hematuria of glomerular origin from that due 
to other causes. 

Hypoproteinemia due to hypoalbuminemia develops in 
many dogs and cats with glomerular disease and is more likely 
in animals with heavy proteinuria. Hypoalbuminemia 
occurred in 60% and 70% of dogs with glomerulonephritis or 
amyloidosis, respectively.' 513 Azotemia, hyperphosphatemia, 
and metabolic acidosis* consistent with renal failure, may be 
present in dogs with severe disease. Of dogs with glomeru¬ 
lonephritis or amyloidosis, 53% and 26% respectively* were not 
azotemic 9 - 13 Nonregenerative anemia that develops secondary 
to renal failure or to a systemic disease is observed in many 
affected animals. Other hematologic abnormalities also may 
reflect concurrent and possibly underlying systemic diseases. 
Thrombocytosis and byperfibrinogenemia are common findings 
in dogs with glomerular disease. 

The nephrotic syndrome of hypoalbuminemia, proteinuria, 
hypercholesterolemia, and edema* although pathognomonic 
for glomerular disease, was present in only 15% of dogs with 
glomerulonephritis in one study- Incomplete nephrotic 
syndrome (i.e.* without edema or ascites) was more common, 
occurring in 49% of the dogs* 9 Nephrotic syndrome is 
expected to occur more commonly in dogs with amyloidosis* 
membranous nephropathy* hereditary nephritis, and minimal 
change disease because of the heavy proteinuria associated 
with these diseases. 

On abdominal radiographs* the kidneys may appear normal 
or small and irregular Some animals may actually have enlarged 
kidneys. Similar changes in shape and size can be seen with 
ultrasonographic scans* on which increased echogenicity of 
the cortex and loss of corticomedullary distinction may also 
be noted. The renal pelvis may be mildly dilated if polyuria is 
present or if fluids are being administered. 

Dogs and cats with proteinuria should be thoroughly evah 
uated for underlying infectious, inflammatory, or neoplastic 
diseases [see Boxes 261-2 and 261-3), This evaluation should 
include a thorough physical examination* and diseases of the 
oral cavity and skin should not be overlooked as potential 
underlying diseases. Aspiration cytology should be performed 

on all cutaneous and subcutaneous masses. Serologic testing 


Box 




Diseases Reported in Association unth 
Glomerular Disease in Cats 


Systemic Disease (Glomerular Disease) 

Infectious 
B a cteri a I 

Chronic bacterial infections (G) 
Mycoplasmal polyarthritis (G) 


Viral 


Feline immunodeficiency virus (G) 
Feline infectious peritonitis (MN) 
Feline leukemia virus (G, MN) 

inflammatory 

Panereatitis (G) 

Cholongiohepatitis (G) 

Chronic progressive polyarthritis (G) 
Systemic lupus erythematosus (MN) 
Other immune-mediated diseases (G) 
N eopla sti c 

Leukemia (MN)- 
Lympbosarcoma (MN) 

Mastocytosis (G) 

Other neoplasms (C) 

M i see 11aneous 

Acromegaly (?) 

Mercury toxicity (MN) 

Familial (MN) 

Id iopath i c (M N) 


n 


G, Glomerulonephritis* uncharacterized; MN, membranous 
nephropathy. 


Hypertensive damage to the central nervous system* eyes, or 
heart may induce a variety of clinical signs. 

Physical Examination Findings 

The physical examination is often unremarkable in dogs w r ith 
glomerular disease, 8 — 13 Nonspecific evidence of systemic dis¬ 
ease may be present* such as poor body condition or poor 
Kaircoat. Dogs with advanced renal failure may have oral 
ulcerations, pale mucous membranes, or dehydration. 
Subcutaneous edema or ascites* or both, is sometimes noted. 
Occasionally dogs have physical evidence of thromboembolic 

disease, such as dyspnea or a decreased or absent peripheral 

pulse. Evidence of a predisposing inflammatory, infectious, or 
neoplastic process may be detected during the physical exam¬ 
ination The kidneys of affected animals are variable in size. 
Animals with chronic renal failure often have small, firm* 
irregularly shaped kidneys, whereas those with milder disease 
often have normal-sized or, occasionally, enlarged kidneys. 

Cfinicopathologic and imaging Findings 

Proteinuria is the hallmark of glomerular disease and is dis¬ 
cussed in Chapter 32, A urine protein to creatinine ratio 
(UPC) greater than 0.5 in a urine sample free of evidence of 
inflammation and macroscopic hematuria is abnormal With 
respect to the UPC, no magic number or range of numbers is 
diagnostic for any one renal disease, and the overlap in expected 
ranges is too broad to be clinically reliable. In general, dogs 
with amyloidosis or membranous nephropathy have the highest 
UPCs* and those with tubulointerstitial disease have lower 
values. 14 Glomerular lesions have been identified in dogs 
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disease, or proteinuria with normal renal excretory function. 
Nevertheless, a sample should be collected for EM in nearly 
all dogs and cats undergoing renal biopsy, because the exact 
diagnosis is most likely unknown. IFM or imm u n ohi stochem- 
istry should include at a minimum stains for immunoglobulin 

M pfiM), IgG, IgA, and C3. 

Evaluation of the Renal Biopsy Specimen 
Whenever possible, specimens should be evaluated by a 
pathologist with expertise in nephropathology. Renal biopsy 
specimens from proteinuric dogs and cats should be evaluated 
by light microscopy, EM, and IFM. Limiting the evaluation to 
light microscopy alone often allows lor only a subjective inter* 
pretation of the glomerular lesion, leaving too much room for 

Although many reports have described glomerular 
lesions in dogs and cats, the use of different nomenclature and 
different morphologic criteria among pathologists sometimes 
makes interpretation and comparison of the data dif ficult at 
best. A standard classification system for the characterization 
of glomerular lesions in dogs and cats needs to be embraced. 
The World Health Organization (WHO) criteria for the clas¬ 
sification of human glomerulopathies have proved to be appli¬ 
cable to glomerular diseases in dogs 11 General acceptance 
of this system would lead to a better understanding of the 
natural history, pathogenesis, and response to treatment in the 
various glomerular diseases in dogs and cats. 

The normal glomerulus contains four to eight lobules, each 
composed of capillaries supported on a centrilobular core of 

gial matrix (Figure 261*2) A 5 The GBM is thin, delicate, 
PAS-positive, and argyrophiiic. The glomerular capillary 
lumen is normally widHy patent and lined with eosinophilic 
endothelial cell cytoplasm (Figure 261-3). There should be 
only one or two nuclei per mesangial cell region. Parietal 
epithelial cells, visceral epithelial cells, endothelial cells, and 
mesangial cells comprise the normal glomerulus and can easily 
be identified by EM (see Figure 261-1). The flattened parietal 
epithelial cells line the inner surface of Bowman's capsule. 
The visceral epithelial cells (podocytes) line the outer surface 
of the capillary loops and rest on the GBM, The podocytes, 
which are characterized by their foot processes, form the 
outermost layer of the capillary wall. The endothelial cells 
line the inner surface of the capillary loops, with the nuclei 
disposed centrilobulariy, toward the mesangium.The fenestra¬ 
tions of the endothelial cell cytoplasm can be visualized easily. 


for regional infectious diseases, as well as antinuclear antibody 
testing, should be performed. During radiographic or ultra¬ 
sonographic evaluation of the abdomen, attention should be 
given to other organs to detect any other disease process. 
Thoracic radiographs should also he evaluated in middle-aged 

to older dogs. 

Histologic Diagnoses 

Renal biopsy provides a definitive diagnosis of glomerular 
disease but may not be needed if treatment ol a potential 
underlying disease leads to resolution of the proteinuria or ii 
end-stage renal disease is already present. When evaluated 
appropriately, renal biopsy specimens can provide important 
clinical information about the type and severity of lesions in 
dogs and cats with glomerular disease. In fact, obtaining an 
accurate histologic diagnosis may be one of the more impor¬ 
tant factors in successful management of the dog or cat with 
glomerular disease. Clinical decisions regarding the diagnosis, 
treatment, and prognosis can be made from the information 
obtained through renal biopsy. 

Procurement and Processing of the Renal 
Biopsy Specimen 

The procedure used to obtain a renal biopsy specimen is 
discussed in Chapter 84. When a specimen is to be used for 
evaluation of glomerular disease, only cortical tissue should be 
obtained, because biopsy of the medulla is not needed and is 
associated with a greater risk of hemorrhage, infarction, and 
fibrosis. The use of general anesthesia is associated with an 
ability to obtain better quality specimens. An adequate sample 
of cortex has a minimum of five glomeruli when examined by 
light microscopy, although one glomerulus may be all that is 
needed to make a definitive diagnosis. 

If a percutaneous method is used to obtain a renal biopsy 
specimen from a patient with glomerular disease, at least two 
quality samples of renal cortex should be obtained, using 
either a 16- or 18-gauge needle, A dissecting microscope can 
be used to verify that two adequate biopsy samples have been 
obtained. One sample should be placed in formalin, and the 
other should he divided into two smaller pieces containing 
glomeruli. One piece is put into a fixative suitable for electron 
microscopy (EM) (e.g., 4% formalin plus 1% glutaraldehyde 
in sodium phosphate buffer), and the other piece is frozen 
for immuno fluorescent microscopy (IFM). An alternative to 
freezing is to immerse the tissue in ammonium sulfate- N- 
ethylmaleimide fixative (i.e., Michel's solution), which pre¬ 
serves tissue-fixed immunoglobulins. Wedge biopsies should 
be divided in a similar fashion; tissue for EM should be 
minced appropriately. 

Thin sections (2 to 4 pm) of paraffin-embedded tissue 
should he used for light microscopy because standard sections of 
5 to 6 pm are too thick for adequate assessment of glomerular 
celiularity and capillary loop thickness. 4 Hematoxylin and 
eosin staining can be used for initial assessment of the general 
appearance of the specimen. However, periodic acid—Schiff 
(PAS), which stains glycoproteins, is the preferred stain of 
many nephropatholegists and is particularly useful for 
demonstration of interstitial and glomerular scarring and for 
assessment of the GBM. Methenamine silver specifically stains 
the basement membrane of the tubules, glomeruli, and 
Bowman's capsule. Trichrome is useful for evaluation of the 
mesangium and is also the best light microscopic stain for 
visualization of immunoglobulins. Congo red can be used to 

demonstrate the presence of amyloid. 

EM of renal biopsy specimens has not been used frequently 
enough in dogs and cats to determine the diagnostic merit in 
groups of patients with varying presentations; however, in 
humans, EM appears to be most helpful in the evaluation of 
individuals with renal hematuria, a familial history of renal 
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this generalization and begin to characterize each disease 
separate entity. The historical approach of combining diseases 
characterized as glomerulonephritis into one group has led to 

limited information on the natural history and effective treat¬ 
ment of the individual diseases in dogs and cats. In human 
medicine, the characterization of each glomerular disease 
specific entity has led to an advanced understanding of the 
pathogenic events leading to the specific glomerular disease. 
This enhanced understanding is forging the way to the devel¬ 
opment of optimized and specific therapeutic approaches for 
the individual glomerular diseases and to more dearly defined 
prognoses. 4 - 5 This section outlines what is known about the 
individual diseases in dogs and cats, with additional informa¬ 
tion garnered from the wealth of knowledge on these diseases 
in humans. 


as a 


as a 


Acquired glomerular injury is the result of damage sus¬ 
tained after immune complex formation or deposition (e.g., 
membranous nephropathy membranoproiiferative glomeru¬ 
lonephritis, proliferative glomerulonephritis) or of damage 
caused by systemic factors that affect the glomerulus (e.g,, 
amyloidosis, focal segmental glomerulosclerosis, minimal 
change disease). Although the effects of systemic factors vary 
some general statements can be made regarding the patho¬ 
genesis of the immune complex-mediated glomeru- 
lonephropathies. 20 Immune complexes that are deposited in 
the glomerulus or that form in situ initiate glomerular damage 
Cell-media ted immune mechanisms also take part in the 
pathogenesis of glomerular inflammation. Once glomerular 
damage has been initiated, other processes contribute to 
glomerular injury, including activation of complement and of 
the coagulation cascade and resident cells; influx of 
trophils, monocytes, and platelets; release of proteolytic 
enzymes; synthesis of cytokines or other growth factors; 
generation of proinflammatory lipid mediators; and alteration 
of hemodynamic factors. The mechanisms that determine 

whether progressive renal damage or resolution of the process 
occurs are unclear. 


Figure 261-3 Normal glomerulus from a dog. Note that the 
capillary lumens are widely patent and the capillary loops are thin, 
often appearing discontinuous. Hypercellularity is not present. 


The normal GBM should he approximately the same thick¬ 
ness as the base of a foot process turned 90 degrees, 

When glomerular lesions are present, if nearly all of the 
glomeruli are affected, the disorder is generalized. The disorder 
is focal if less than half of the glomeruli are affected. When 
evaluating individual glomeruli, if the entire glomerulus is 
affected, the pattern is diffuse, or global. The lesion is segmental 
or local il only a few' lobules within affected glomeruli 
involved. Descriptions of each of the pathologic findings in 
the varying glomerular diseases are provided below. Lupus 
nephritis can he associated with several glomerular lesions 
and, when active, may have an interstitial infiltrate of mixed 
inflammatory cells and acute damage to the tubules. 5 
Crescents can loosely be defined as two or more layers of cells 
in Bowman's space and are suggestive of severe injury. 
Crescentic glomerulonephritis, which is diagnosed when 

cents 


neu- 


a re 


Membranoproiiferative Glomerulonephritis 

Membranoproiiferative glomerulonephritis {MPGN) may be 

the most common glomerular disease in dogs, accounting for 

20% to 60% of dogs in various studies. I - 21 Elowever, glomerular 

lesions are most likely to be called MPGN when they have not 

undergone thorough evaluation, Including the use IFM and 

EM; the incidence of MPGN is most certainly overestimated 

in dogs. On the other hand, MPGN is more common in 

humans living in underdeveloped countries, where exposure 

to harmful environmental agents, including infectious disease, 

may be greater than in those living in developed countries. 5 

MPGN therefore may be the glomerular lesion expected to be 

most common in dogs, but it probably is less common than 
currently reported. 


cres- 

are present in 30% or more of the glomeruli, appears to 
be uncommon in dogs and cats. 

Iramu noflu orescent staining should be positive in dogs or 
cats with either in 


situ immune complex formation, as is 
believed to occur with primary membranous glomerulopathy, 
or with deposition of circulating complexes, as may occur 
with type I membranoproiiferative glomerulonephritis and 
proliferative glomerulonephritis 4 5 Because true anti-GBM 

GN has not been documented in the dog or cat, the expected 
immunostaming pattern is discontinuous, occurring either in 
the capillary loops or in the mesangium.The mesangium plays 
a role in the clearance of macromolecular debris from the 
glomerular capillary' wall. As such, it is possible that some of 
the immunoglobulin present in the glomeruli of some dogs 
is not specific in nature and not associated with clinically 
relevant immunologic injury. Therefore the prevalence and 
relevance of positive i mm u no flu orescent staining in dogs 
without glomerular disease needs further investigation. 


C linical Featu res 

mean age of dogs with MPGN in one study was 

10,5 years. 11 Males and females appear to be equally affected. 

Even though the disease is common, no thorough study of 

MPGN as a distinct glomerular disease has been done in dogs. 

In humans the disease is characterized by a slowly progressive 

course, and about 50% of those affected develop nephrotic 
syndrome. 

MPGN has been identified as a familial disease in Bernese 
mountain dogs. A unique, rapidly progressive form of MPGN 
that is accompanied by tubular necrosis and interstitial 
inflammation and is uniformly fatal has been reported i 
ciation with Borrelia burgdorferi infection in dogs, 12 The 
age age of affected dogs was only 5,6 years, Labrador 
retrievers and golden retrievers were significantly predisposed 
to developing this lesion. 


The 


GLOMERULAR DISEASES 


in asso- 
aver- 


Many glomerular diseases affect dogs; fewer appear to affect 
cats. Many of these diseases historically have been lumped 
under the umbrella of "glomerulonephritis'* (see Box 261-1), 
As a profession, veterinary medicine needs to move be von d 
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identification of intramembranous dense deposits. EM also is 
used to identify the immune deposits in type I MPGN. 

Specific Treatment 

Effective treatment of the underlying infectious, inflamma¬ 
tory, or neoplastic disease is the cornerstone of management 
of patients with MPGN. Because activation of platelets 
appears to be involved in the pathogenesis of this disease, 
antiplatelet drugs also should he given , 5 

Prognosis 

Specific data regarding the prognosis of MPGN in dogs is 
lacking. In people, azotemia, severe proteinuria, systemic 
hypertension and marked tubulointerstitial lesions at presen¬ 
tation are the most significant predictors ol an unfavorable 
outcome, - 


Pathogenesis 

There are two types of MPGN. 4 * Type 1 MPGN, also called 
mcsangiocapillary GN, is often induced by infectious diseases 
and is characterized by immune complex accumulation on 
the suhendotbelial side of the GBM. The intramembranous 
dense deposits that characterize type 11 MPGN, also called 
dense deposit disease, are not immune deposits but are of unde¬ 
fined origin; type 11 MPGN is not associated with infectious 
diseases and seems to he uncommon in dogs. Rena] lesions 
appearing to be type I MPGN have been associated with a 
variety of infectious diseases in dogs (see Box 261-2 and 
Box 261-3). The accumulation of immune complexes or 
dense deposits leads to cytokine-mediated activation and 
expansion of the mesangium and an inflow of leukocytes. In 
type U MPGN, activation of the alternate pathway of com¬ 
plement predominates, whereas in type 1 MPGN activation of 
the classic pathway occurs. 

In humans with MPGN, hypocomplementemia is so 
common that this disease is sometimes called hypocomple - 
mentemic GN« Hypocomplementemia appears to develop 
either from increased consumption secondary to immune 
complex activation of the classic pathway or from the pres¬ 
ence of anticomplement autoantibodies known as nephritic 
factors. Interestingly type I MPGN also occurs in Brittany 
spaniels and in humans with congenital C3 deficiency, 1 '’ The 
pathogenic role of hypocomplementemia is not understood. 

Hi istopathologic Characterization 

MPGN is diagnosed when both thickened capillary loops and 
mesangial hypercellularity (more than three nuclei per 
mesangial region) are present (Figure 26T*4)/^ n The 
glomerulus may become enlarged and segmented or lobular in 
appearance. The activated mesangium expands the capillary 
walls and extends into the sub endothelial space, causing the 
double contour, or''railroad,” appearance of the GBM that can 
be seen with light microscopy. With 1FM, immune complex 
deposition can be identified in type 1 MPGN as granular 
deposits of C3 in combination with IgG, IgM, of IgA, or com¬ 
binations thereof, in the GBM or mesangium or both. With 
EM, type II MPGN can be differentiated from type 1 by the 


Membranous Nephropathy 

Membranous nephropathy (MN) is probably the second most 
common glomerular disease in dogs, accounting for up to 10% 
to 45% of reported cases. 2 - 5,22-24 It is the most common 

glomerular disease of cats, in which other forms of glomerular 
disease are uncommon. 25 - 1 ’ Because there is rarely evidence of 
an inflammatory response in the glomeruli or interstitium, the 
disease is more correctly called a glomerulopathy or 
nephropathy, rather than glomerulonephritis. 

Clinical Features 

As in humans, MN appears to be more common in male dogs 
and cats (approximate male to female ratios are 1,75:1 in 
dogs and 6:1 in cats). The mean age of affected dogs from 
four studies was 8 years, but there was considerable range 
I to 14 years). The disease is more common in younger cats, 
with an approximate mean age of only 3.6 years (range, 1 to 
7 years). 25 There does not appear to he any breed predilec¬ 
tion, although a preponderance of Doberman pinschers 
was seen in one report. Interestingly, four of five of these 
Dobermans were 3 years of age or younger, which may suggest 
a familial pattern. 23 

Proteinuria in animals with MN may be massive, often as 
high or higher than that which occurs in dogs with amyloi¬ 
dosis. N Because of this heavy proteinuria, many animals 
present with nephrotic syndrome. Microhematuria is reported 
in 30% to 40% of humans with MN but has not been system¬ 
atically studied in dogs and cats. 5 Cats and dogs with MN may 
present with signs of renal failure. Many cats have normal to 
enlarged kidneys at presentation. 

Membranous nephropathy has four ultrastructural stages 
that correlate with the temporal evolution ol the disease and 
the clinical presentation in dogs, cats, and humans, 45 ' 23 ' 25 
There is some suggestion that these stages also correlate with 
therapeutic outcomes in humans with MN, in that people 
may be more likely to respond to appropriate management it 
they are in one of the first two stages. More advanced stages 
in cats and dogs have been shown to correlate with more 
severe azotemia, whereas animals with milder disease vvere 
more likely to have nephrotic syndrome. 23 ' 25 

Pathogenesis 

In humans, MN is considered to be either primary (i.e., idio¬ 
pathic) or to occur secondary to another disease process; 
primary disease is most common. 5 In primary MN, immune 
complexes are found mainly in the subepithelia I spaces of 
the capillary loops. Secondary MN can be distinguished from 
the primary form by the presence of immune complexes 
in the mesangium or subendothelial space (or both) and in the 
subepithelia] space. The finding of antibodies on the subep¬ 
ithelia] side is unique to MN and suggests that binding occurs 
on the urinary side of the GBM. The subsequent activation of 








Figure 261-4 Glomerulus from a dog with membranoprolifera¬ 
ti ve (mesangiocapillary) glomerulonephritis. Note the thickened 

capillary loops and the mesangial hypercellularity, which result in 
the segmented and lobular appearance. 
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New basement membrane material accumulates around the 
immune deposits. Because the deposits do not become impreg¬ 
nated with silver, ' spikes" may he identified on the outside of 
the CBM when an appropriate silver stain is used. Advanced 
cases may show irregular thickening and distortion of the cap¬ 
illary walls with occasional widening of the mesangium. 
Immunofluorescent microscopy is useful in determining the 
site of immune complex deposition. Staining of the immune 
complexes produces a beaded appearance along the GBM and 
can be so heavy that it may be difficult to differentiate from a 
linear pattern. In secondary cases, the mesangial spaces are also 
positive. In dogs with MN, lgG and C3 have most commonly 
been identified, although there have also been reports of find¬ 
ing IgM and IgA, 11 * 21 Several studies have reported affected 
dogs and cats in which positive staining was identified only in 
the glomerular capillary loops, which suggests the presence of 
primary, or idiopathic, disease in these animals.- 1 

Electron microscopy should be used to confirm the loca¬ 
tion of the immune deposits and to characterize the stage of 
disease progression (Figure 261-6); 423 - 25 Deposition of 

complexes, progressive enguifment of the compl 
by the surrounding GBM, and eventual resolution of the 
deposits characterize the stages. Stage I is characterized by 
subepithelial dense immune deposits without adjacent pro¬ 
jections of basement membrane material and only minimal 
thickening of the GBM. Projections of adjacent GBM 
rial, or spikes, are identified in stage II. In stage III, these pro¬ 
jections surround the immune deposits. In stage IV, the GBM 
is markedly thickened, and electron-lucent zones have 
replaced some or all of the electron-dense deposits. In 
advanced stage IV disease, sometimes referred to as stage V, 
there is variable thickening of the GBM and apparent resolu¬ 
tion of the electron-dense deposits. In some affected animals, 
staging is difficult because several stages of disease may be 
present simultaneously. 


i 


i 


Figure 261-5 Glomerulus from a dog with membranous 

nephropathy. Note the thickened, rigid-appearing capillary loops and 
the lack of hypercellularity. (Courtesy of J.L. Robertson, Blacksburg, 
VA, Virginia Maryland R egional College of Veterinary Medicine.) 


immune 


exes 


complement and cytokine responses may be reduced, because 
the site of reaction is distant to the circulation, which 
contributes to the lack of inflammation associated with MN 

Although the exact pathogenesis of this disorder is 
unknown, it is considered to be 


mate- 


an immune compl ex- 
mediated disease. There is evidence to support both in situ 

formation of immune complexes and trapping of circulating 
immune complexes However, in humans with primary MN r 
the weight of evidence supports the in situ reaction of 
unbound antibody with fixed antigens, perhaps intrinsic GBM 
glomerular visceral epithelial cells antigens. In this regard, 
primary disease may be a true autoimmune disorder. 

Circulating immune complexes most likely play a larger 
role in patients with secondary disease. Proteinuria probably 
develops through a complement-dependent mechanism, inde¬ 
pendent of inflammatory cells. 'The terminal complement 
complex (C5b-9 membrane attack complex) has been impli¬ 
cated in the pathogenesis of this disease. Increased urinary 
concentrations of the membrane attack complex have been 
demonstrated in some, although not all, individuals with MN. 
Demonstration of this complex may be more likely early in 
the disease process, when active immune deposit formation 
occurs. Myriad immune system irregularities have been 
reported in association with MN in humans (e.g, r altered 
CD4+ to CD8+ ratio, Fc receptor dysfunction, and impaired 
lymphocyte and suppressor cell function), which supports a 
pathogenic role for an underlying immunologic defect. These 
irregularities are perhaps based on a genetic susceptibility, a 
theory supported by familial clustering of MN in humans. 4 5 


or 


Specific Treatment 

In addition to identification of potentially inciting disease 
processes and nonspecific management of proteinuria, 
immunosuppressive therapy may be warranted in dogs or cats 
with persistent proteinuria caused by MN, particularly if they 
appear to have idiopathic, or primary, disease and 
azotemic. Affected humans with similar clinical pictures may 
respond to immunosuppressive therapy with corticosteroids 
combined with an alkylating agent (Le. p cyclophosphamide 
chlorambucil] . 5 The approach that has proven most beneficial 
is alternation of methylprednisolonc and chlorambucil 


are not 


or 


every 

other day for 6 months. Cyclosporine is considered a valid 
therapeutic option for patients not responding to corticos¬ 
teroids and alkylating agents. Even when treatment is effec¬ 
tive, relapses may occur. The use of immunosuppressive 
therapy in dogs and cats with membranous nephropathy 
needs to be studied more carefully. 


Prognosis 

Although MN appear to be progressive in some dogs and 
cats, the progression may be slow enough that many animals 
can lead relatively normal lives. In a study of 24 cats with MN, 
four (17%J survived 4 to 10 months and eight (33%) had 


Histopatho logic Characterization 

The normally lacey-appearing GBM becomes uniformly thick¬ 
ened and more rigid as 


a result of the deposition of immune 
complexes in the subepithelial spaces in MN (Figure 261-5]. 4 -'* 


Figure 261-6 Ultrastruetural stages in the 
progression of membranous nephropathy 
(Courtesy J.C Jennettc, Chapel Hill, NC, School 
of Medicine, University of North Carolina.) 
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GBM and mesangium, EM can be used to characterize further 
the location of the immune complexes. Because the prolifera¬ 
tive giomerulonephropathies often develop secondary to 
systemic diseases, immune complexes are often identified in 
the mesangium, although some complexes may be found 
in the capillary walls. Subepithelial " J humps' 1 can be identified 
in humans with postinfectious glomerulonephritis. 4 


long-term survival of 2.5 to 6 years; clinical remission 
occurred in seven (29%) of the cats. Corticosteroids were 
administered to three of the eight long-term survivors. 
However, 11 cats (46%) died or were euthanized due to 
nephrotic syndrome or renal failure shortly after diagnosis. 
Long-term survivors had only IgG deposition, C3 deposition, 
or both; cats that also had deposition ol lgM or IgA had a 
shorter survival period. Stage [11 and stage IV disease, defined 
by the presence of intra mem bra nous deposits, was associated 
with a poorer prognosis. 

Survival data for dogs is more difficult to extract from prior 
reports, although it appears to be similar to what has been 
reported in cats. Survival in dogs has ranged from 4 days to 
greater than 3 years. 2 * Spontaneous remissions have been 
reported. Spontaneous remission occurs in 

humans with MN, whereas 20% to 40% of cases progress to 

renal failure.* The risk of progression in humans appears to 
correlate with the magnitude of proteinuria and renal func¬ 
tion impairment; patients with the highest degree ol protein¬ 
uria and azotemia are more likely to have more rapid 
progression compared with other patients. 

Proliferative Glomerulonephritis 

Proliferative glomerulonephritis, caused by endocapillary or 
mesangial proliferation, accounted for 2% to 16% of glomeru¬ 
lar lesions in dogs in two studies. 1121 In humans a complete 
pathologic diagnosis requires both a morphologic description 
i e.g., focal mesangial proliferative glomerulonephritis) and a 
specific disease designation (e.g,, IgA nephropathy, lupus 
glomerulonephritis). 4 - 5 With the exception of IgA nephropa¬ 
thy, proliferative glomerulonephritis in dogs has not included 
the specific disease designation . 27 > lB It therefore is difficult to 
correlate the diseases that have been described in dogs with 
the wealth of information regarding pathogenesis and treat¬ 
ment known for the specific diseases in humans. 


26 


Specific Treatment 


Because this category probably encompasses several disease 
entities, there are no specific treatment recommendations. 
The potential source of immune complexes should he 
removed, and nonspecific management of glomerular diseases 

should be followed. 


20% to 30% of 


Prognosis 

The prognosis for this specific group ol diseases has not been 
evaluated in dogs. The presence of chronic renal failure or the 
formation of crescents, or both, is most likely associated with 
a poorer prognosis. 


> 
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Clinical Features 


Dogs with proliferative glomerulonephritis reported in two 
studies were on average between 7 and 9 years of age. 11 - 
Proteinuria and renal failure are the most common presenting 
signs in affected dogs. Renal failure may he mild or moderate 
and acute or chronic. Humans with mesangial proliferative 
glomerulonephritis often have microscopic or macroscopic 
hematuria; the presence of hematuria has not been thoroughly 
evaluated in dogs. 5 


10 


Pathogen esis 

Proliferative glomerulonephritis is an immune complex- 
mediated disease. Anti-GBM disease causes proliferative 
glomerulonephritis in humans but has not been described in 
the dog or cat, Postinfectious glomerulonephritis of humans, 
characterized by endocapillary proliferation, most commonly 
occurs after a streptococcal infection but has also been iden¬ 
tified with other infections (e.g,, staphylococcal Infection). 5 
Interestingly, this pattern of disease is usually caused by infec¬ 
tions of limited duration that often have resolved prior to the 
emergence of clinical signs of glomerular disease. Persistent 
infections are more likely to cause MPGN or MN. 4 

Histopathologic Characterization 

Mesangial proliferative glomerulonephritis is characterized 
by mesangial cell hyperplasia, defined as four or more cells per 
mesangial area. 4 ' 11 This is often accompanied by an increase in 
mesangial matrix (Figure 261-7), Endocapillary proliferative 
glomerulonephritis occurs with a proliferation of glomerular 
endothelial cells and may be accompanied by an increase in 
mesangial cellularity. An influx of mononuclear cells accounts 
for some of the increase in celiularity. Evaluation by IFM 
reveals tine granular deposits of IgG or IgM or both in the 


B 


Figure 261-7 Glomeruli from dogs with proliferative glomeru¬ 
lonephritis. A, Focal mesangial proliferative glomerulonephritis. 
B, Endocapillary proliferative glomerulonephritis. 
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Immunoglobulin A Nephropathy 

In several studies of canine glomerular disease, IFM has 
demonstrated mild to moderate frequency of IgA positivity 
suggestive of IgA nephropathy, 27 --* However, because IgA is 
predominantly polymeric in dogs, it may be nonspecific ally 
trapped in the mesangium, more so than monomeric IgA, the 
predominant form in humans. The diagnosis of IgA nephropa- 
thy requires a predominance of IgA positivity on IFM evalua¬ 
tion; codeposits of lgG, IgM, or C3 may be present but should 
be less intense than IgA. Mesangial proliferative glomeru¬ 
lonephritis is the expected light microscopic lesion; some 
humans do not have any apparent glomerular lesions. In one 
study of clinically normal dogs with glomerular lesions, 85% 
had IgA deposits. lti In another study of 100 dogs with and 
without renal disease, 47 had IgA deposition, and in six dogs 
IgA was the only immunoglobulin delected. 29 Increased depo¬ 
sition of IgA was associated with increased cellular prolifera¬ 
tion Dogs with enteric or hepatic diseases had the highest 
incidence of IgA deposition. Excessive IgA immune complex 
formation due to enteric disease or decreased clearance of 
IgA complexes in association with liver disease have been 

proposed in the pathogenesis of secondary IgA nephropathy 
in humans, 5 

In people, IgA nephropathy is more common in young 
adults, with males outnumbering females; the prevalence 
varies substantially throughout the world. 5 In a report of three 
dogs with apparent IgA nephropathy, the dogs were male and 
young to middle aged (4 to 7 years), 27 The dogs had episodes 
ol microscopic and macroscopic hematuria, as well as protein¬ 
uria and varying degrees of renal failure. Although the dogs 
were housed together in a blood donor facility, predisposing 
environmental factors were not identified. The dog 
severely affected had uncontrolled hypertension and code¬ 
posits of IgCj or IgM, both of which are negative prognostic 
indicators in humans. 

Treatment of patients with secondary IgA nephropathy 
should be dirceted at treatment of the associated 
disease. Control of hypertension should be considered 
stone of therapy. Fish oil rich in omega-3 fatty acids adminis¬ 
tered to affected humans resulted in slowed progression of 
renal disease but did not lead to a reduction in proteinuria, 5 

Amyloidosis 

The term amyloidosis refers to a diverse group of diseases that 
have in common the extracellular deposition of fibrils formed 
by polymerization of proteins with a beta-pleated sheet 
conformation.- 9 Several different proteins may be deposited to 
form amyloid in humans, but the number of proteins involved 
in domestic animals appears to be limited. Many of these pro¬ 
teins display specific tissue tropisms that lead to characteristic 
clinical syndromes. The dog is the domestic animal most 
commonly affected by amyloidosis. With the exception of the 
Chinese Shar Pei, amyloid is deposited primarily in the 
glomeruli of affected dogs. 13 * 1 In fact, amyloidosis is one of 
the most common glomerular diseases in dogs, accounting for 
23 % of dogs witli glomeru 1 ar disease in one study. 9 


animals brought to the veterinarian are in nephrotic syndrome. 
In one study of proteinuria, six of seven dogs with amyloidosis 
had nonselective proteinuria, suggesting a marked loss of the 
size-selective properties of the glomerular capillary wall. 16 
Although other organ systems may be involved [liver, spleen, 
adrenal glands, gastrointestinal tract), clinical signs associated 
with amyloid deposition in these organs are rare in dogs. 
Chronic infectious and noninfectious inflammatory diseases 
and neoplasia have been reported in association with reactive 
amyloidosis in 32% to 53% of affected dogs; however, many 
dogs and cats with reactive amyloidosis do not have an idem 
tillable inflammatory process at the time of presentation. 913 

Renal amyloidosis in the Shar Pei develops at an earlier age 
(mean age 4.1 years) than in other dogs with amyloidosis, but 
like other breeds, the disease is more common in females 
(male to female ratio of 1:2.5). 13 In Shar Peis, amyloid is most 
commonly deposited in the renal medulla; only 64% of Shar 
Peis had glomerular involvement in one report. 3tJ As a result, 
as few as 25% to 43% of affected Shar Peis have proteinuria. 
Affected dogs may have signs of involvement of othr 
particularly the liver. Many Shar Peis have a history of 
rent fever and swelling of the Ubiotarsal joints [commonly 
called Shar Pei fever or Shar Pei swollen hock syndrome) prior to 
the development of renal amyloidosis. Affected Shar Peis 


or organs, 

rec ur- 


may 

be an animal mode! of familial Mediterranean fever in humans. 

Amyloidosis is relatively uncommon in the cat, with the 
exception of Abyssinians and Siamese (especially the Oriental 
shorthair color variant). 32 In Abyssinians, amyloid is deposited 
primarily in the medulla, although glomerular involvement 
has been described. This pattern of deposition results in 
medullary fibrosis and papillary necrosis and leads to chronic 
renal failure as the most common clinical manifestation; marked 
proteinuria is not common. Siamese and Oriental shorthair 
cats have a predilection for deposition of amyloid in the liver, 
leading to hepatic rupture and hemorrhage. Diagnosis of renal 
amyloidosis in affected cats is based on a high index of suspi¬ 
cion and exclusion of other renal diseases or on postmortem 
examination; biopsy of the renal medulla is associated with 
too high a degree of risk to be warranted. 


most 


systemic 


a comer- 


Pa thogenes is 

The primary protein involved in the formation of amyloid 

deposits in dogs and cats is amyloid A protein (AA) ; which is 

formed by the polymerization of the amino terminal portion 

of serum amyloid A protein (SAA), an acute-phase reactant* 

SAA is synthesized and released by hepatocytes after they 

have been stimulated by macro phage-derived cytokines (e.g,, 

interleukin-1 (IL-i), IL-6, tumor necrosis factor). Because of 

the association of amyloid A with inflammatory diseases, this 

form of amyloidosis has been termed reactive , or secondary, 
amyloidosis. 

Concentrations of SAA increase I0G- to 1000-fold after 
tissue injury. Although concentrations decrease to baseline by 
36 to 48 hours after removal of the inflammatory stimulus, 
they remain increased if inflammation persists. 39 Chronic 
inflammation and persistent or prolonged increases in SAA 
concentrations are required for the development of reactive 
amyloidosis. Humans with familial Mediterranean fever, a 
disease similar to that reported in Shar Peis, have defective 
formation of pyrin, a protein involved in the downregulation 
of mediators of inflammation. 33 Because only a small percent¬ 
age of animals with chronic inflammation develop amyloido¬ 
sis, other factors must be involved in the pathogenesis* 29 There 
multiple polymorphs of SAA, and certain polymorphs 
perhaps are more amyloidogenic. There may be inherited and 
acquired variations in the ability to degrade SAA, a two-step 
process that involves cell surface-associated proteases 
contained in monocytes. A defect in the second step of this 
process may predispose some individuals to the development 


zy 


Clinical Features 


Reactive amyloidosis is the most 


common form of amyloidosis 
in dogs and cats. Renal amyloidosis is more common in older 

dogs. The mean age of affected dogs was 9*2 years in one study, 
in which 85%t of affected dogs were 7 years of age or older, 13 
Females appear to be affected more often than males 
(the male to female ratio is 1:1.7). Beagles, collies, and Walker 
hounds may be ai increased risk for amyloidosis. 13 Renal amy¬ 
loidosis may be familial in beagles and English foxhounds. 31 

The most common clinical signs of renal amyloidosis in 
dogs are those common to other glomerular diseases. Because 
proteinuria associated with amyloidosis may he massive, many 
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of amyloidosis. It has been demonstrated that the AA-degrading 
property of normal serum is decreased in humans with reac¬ 
tive amyloidosis. This activity correlated with serum albumin 
con c en tr a ti on s; h y po a 1 b u minem i a associated w i th the in fl a m - 
matory process or amyloidosis may contribute to decreased 
AA-degrading activity. Increased concentrations of other acute- 
phase reactants that are protease inhibitors (e.g,, antitrypsin 
and antidiymotrypsin) also may contribute to the pathogenesis 
of amyloidosis. 

SAA concentrations are increased during the predeposition 
phase, before the appearance of tissue amyloid deposits, but 
may persist during the deposition phase, Abyssinians with 
renal amyloidosis have increased SAA concentrations.- 3 
Chinese Shar Peis with renal amyloidosis have increased 
serum concentrations of IL-6, a cytokine that stimulates SAA 
synthesis and release.* 4 The deposition phase, during which 
amyloid deposits appear in the tissue, is subdivided into two 
phases. The rapid phase is characterized by rapid increases in 
the amount of amyloid, whereas the plateau phase is a time 
when little net change occurs in tissue deposition. 

Histopathologic Characterization 

The beta-pleated conformation is responsible for the charac¬ 
teristic staining properties of the amyloid deposits* 4 When 
the kidney is evaluated by conventional light microscopy amy¬ 
loid deposits in the glomeruli appear as acellular material that 
expands the mesangium and glomerular basement membranes 
and stains homogeneously eosinophilic with hematoxylin- 
eosin (Figure 261-8). Glomerular deposits are most often dif¬ 
fuse and global but occasionally are focal and segmental. 
Deposits sometimes can be found in the walls of small blood 
vessels, tubular basement membranes, and interstitial tissues. 
When stained with Congo red and evaluated by conventional 
light microscopy, amyloid deposits take on various shades of 
red, depending on the amount of amyloid and the thickness of 
the section* Deposits stained with Congo red and evaluated by 
polarizing microscopy are birefringent and have an apple green 
color (Figure 261-9)* Reactive amyloidosis can be confirmed 
by decolorization of the Congo red-stained amyloid deposits 
by potassium permanganate oxidation. Electron microscopy is 
not needed to confirm a diagnosis of amyloidosis. 

Specific Treatment 

The beta-pleated sheet configuration of amyloid fibrils leads 
to their insolubility and resistance to proteolysis, making 


Figure 261-9 Section stained \vith Congo red, showing 
typical birefringence of glomerular amyloid deposits. (Courtesy 
S.P. DiBartola.) 


specific treatment relatively ineffectual. In humans with famil¬ 
ial Mediterranean fever, colchicine prevented the development 
of renal amyloidosis even in patients who continued to have 
recurrent febrile episodes. 33 - 35 r Fhis led to the recommendation 
that colchicine be used in the management of Shar Peis with 
renal amyloidosis. Ideally this drug is administered during the 
predeposition phase, which in Shar Peis is presumably charac¬ 
terized by recurrent fevers and swollen hocks. However, 
colchicine administration may lead to remission of proteinuria 
even after the appearance of amyloid deposits. No evidence 
supports the effectiveness of colchicine once amyloidosis has 
resulted in renal failure. Although the efFects of the drug in the 
treatment of amyloidosis are not fully known, colchicine does 
impair the release of SAA from hepatocytes by binding to 
microtubules and preventing secretion. In addition, colchicine 
may prevent the production of amyloid-enhancing factor. The 
dosage of colchicine used is 0.01 to 0,03 mg/kg given orally 
e% r ery 24 hours. Gastrointestinal upset is the primary side effect* 
Dimethylsulfoxide (DMSO) has been shown to be beneficial 
in a limited number of dogs with renal amyloidosis, although 
the exact benefit remains controversial. 35 If given during the 
rapid deposition phase, DMSO leads to a decrease in SAA 
concentrations and resolution of tissue deposits. However, the 
amount of amyloid deposited in the kidneys of humans was 
unchanged after DMSO administration, which lends support 
to the current belief that DMSO does not solubilize amyloid 
fibrils* The anti-inflammatory effects of DMSO may account 
for some of the beneficial effects. Reduction of interstitial 
fibrosis and inflammation may lead to improved renal func¬ 
tion and reduced proteinuria. DMSO has an unpleasant odor 
that may lead to poor owner compliance. Furthermore, this 
drug may contribute to signs of nausea and anorexia seen in 
some dogs. The recommended dosage is 90 mg/kg given orally 

or subcutaneously three times weekly, DMSO should be 

diluted 1:4 with sterile water before injection to limit the pain 
associated with injection. Neither DMSO nor colchicine is 
effective once the plateau phase of deposition has been 
reached. 
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Prognosis 

The prognosis for dogs and cats with renal amyloidosis is 
generally poor, in one study of dogs with amyloidosis, 58% 
died or were euthanized at die time of diagnosis. In the 
remaining dogs, survival ranged from 2 to 20 months; survival 
of a year or longer was repotted in only 8.5%. 2 - 5 The longest 
survival was observed in a dog treated with DMSO. 
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Figure 261-8 Glomerular amyloidosis in a canine renal biopsy 
section stained with hematoxylin-eosin* (Courtesy S.P, DiBartola, 
Columbus, OH, College of Veterinary' Medicine, Ohio Slate 
U n i versity.) 
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Hereditary Nephritis 

The term hereditary nephritis (HN) refers to a diverse group of 
inherited glomerular diseases that are the result of a defect in 
basement membrane collagen (type IV}These diseases 
discussed in Chapter 264. A brief discussion of hereditary 
nephritis is included in this chapter because it should be 
considered as a differential diagnosis for any dog presenting 
with proteinuric renal disease, particularly if the dog is young. 


report of MCD in a dog presenting with nephrotic syn¬ 
drome.‘ 3n Proteinuria is likely to be of heavy magnitude with 
this disease, and nephrotic syndrome is common. 

Paihogenes is 

In humans, MCD is usually idiopathic, although secondary 
disease also occurs. Increased production of lymphokines by 
dysfunctional T cells is believed to be responsible for 
increase in GBM permeability. 5 The primary change is loss of 
anionic charge in the glomerular capillary wall, leading to 
collapse of the podocyte foot processes. This loss of charge 
selectivity is the crucial event leading to proteinuria The 
resultant proteinuria is highly selective' albumin is the 
primary protein lost 

Histopathologic Characterization 

Animals with MCD have a lack of light microscopic lesions in 
the glomemlusd Occasionally, slight hypercelluIarity is present, 
as evidenced by three or four nuclei in the mesangial region. 
Some lipid droplets may be present in the renal tubules, but 
there should not be any evidence of tubular atrophy or inter- 

\ immunoglobulin deposition is 
absent; however, there may be increased staining of vimentin, 
a marker for visceral glomerular epithelial cells. The diagnosis 
is confirmed with EM by identification of marked foot process 
eifacement (Figure 261-10). MCD belongs to the WHO 
classification of minor glomerular abnormalities. In one study 
of glomerular lesions in dogs, 28 ol 115 dogs fell into this clas¬ 
sification, but only one of these dogs had MCD + U Therefore 
identification of only minor glomerular abnormalities in a dog 
or cat with proteinuria does not make a diagnosis of MCD, 
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Clinical Features 


Hereditary nephritis has been reported m several breeds of 
dogs. An autosomal recessive form of the disease 
English cocker spaniels, whereas bull terriers and Dalmatians 
develop an autosomal dominant form. 36 * 39 An Xdtnked 
dominant form of HN has been described in Samoyeds and 
mixed-breed dugs; carrier females may have mild disease. 37 
The report in the Samoyeds is of a single kindred; the disease 
is not considered to be common in this breed. HN is charac¬ 
terized by proteinuria, renal hematuria, and 


occurs m 










pro gressi ve 

glomerular disease. Concurrent hearing and ocular abnormal¬ 
ities, as described in humans with HN, appear to he uncommon 
in affected dogs, with the exception of anterior lend con us, 
which occurs in some bull terriers, 3 * 


stitial fibrosis. With 1FM, 


Patkogenes is 

HN is the result of a genetic mutation or deletion in type JV 
collagen, the primary protein constituent of the GBMd 3(l 
The presence of defective collagen leads to premature deteri¬ 
oration of the GBM and progressive glomerular disease. 

Histopathologic Characterization 

Prior to electron micro graphic studies of English cocker 
spaniels, the renal lesions were described as renal cortical 
hypoplasia or membranopraIterative or sclerosing glomeru¬ 
lonephritis. Electron microscopy is required to make the diag¬ 
nosis of HN. Multilaminar splitting and fragmentation of the 
GBM are seen, often with intramembranous, electron-dense 
deposits. 

Specific Treatment 

No specific treatment is available for affected dogs. Use of 

diet formulated for renal failure and administration of 

angiotensin-converting enzyme (ACE) inhibitors have proved 

beneficial in affected dogs. Early detection of HN through 

screening of dogs of relevant breeds for microalbuminuria 

allows early therapeutic intervention, which may slow disease 
progression. 

Prognosis 

The rate of progression is predictable in Samoyeds and 
English cocker spaniels, with terminal renal failure generally 
developing before 2 years of age. 3fi However, disease progres¬ 
sion is more variable in hull terriers and Dalmatians, w r ith 
some dogs surviving for as long as 10 years. 3 *- 3 - 1 

Minimal Change Disease 

Although uncommonly described in dogs and cats, minimal 
change disease (MCD) is a common cause of nephrotic syn¬ 
drome in humans, especially children. 540 Because EM is 
required for diagnosis, the disease most likely is underdiag¬ 
nosed in dogs and perhaps in cats. In humans this disease is 
sometimes referred to as nil disease, Upend nephrosis, or idiopathic 
nephrotic syndrome 

Clinical Features 

There have been isolated reports of dogs that appear to have 
MCD; we have seen a few dogs in which we suspected this 
disease at North Carolina State University College of Veterinary 
Medicine, However, there is only one well-described 




Specific Treatment 


An important reason to include MCD on the list of differen¬ 
tial diagnoses for dogs with nephrotic syndrome is the disease's 
seemingly exquisite response to corticosteroids; the expected 
response rate in humans with MCD is 80% to 9l)%, 5 






Prognosis 

The prognosis for MCD in dogs is unknown. One or more 
relapses are seen in 75% to 85% of affected humans, 5 

GI o m er u I oscle rosis 

Glomerulosclerosis often develops as 
in response to glomerular injury,* 1 Focal or global sclerosis 
may he a primary or concurrent lesion in animals with 
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Figure 261-10 Electron micrograph of a glomerular capillary 
loop in a dog with minimal change disease. Effacement of the foot 
processes has occurred. 
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glomerular disease. The incidence of glomerulosclerosis 
increases with age, although the percentage of glomeruli 
expected to be sclerotic in dogs of advancing age groups has 
not been fully characterized. Glomerulosclerosis is a common 
finding in diabetic nephropathy of humans. Although 
glomerulosclerosis and proteinuria can develop in dogs with 
diabetes mellilus, the clinical relevance of this is unknown. 
Glomerulosclerosis can also develop after hypertensive renal 
damage. 

Focal segmental glomerulosclerosis (FSGS) is a specific 

glomerular disease that has been identified, but poorly char¬ 
acterized. in dogs (Figure 261-11). 4 ,1 FSGS is a common 
glomerular disease in humans, accounting for up to 35% of 
nephrotic syndrome in adults. The disease is most likely under¬ 
diagnosed in dogs and often mis characterized as MPGN. 
FSGS was the diagnosis rendered in 10% of dogs with 
glomerular disease in one study. 11 Males and females were 
equally represented, and the average age was 8.5 years. FSGS 
is diagnosed in the proteinuric patient that has segmental 
glomerulosclerosis in a glomerulus that is otherwise normal, 
without ocher glomerular lesions present to explain the scle¬ 
rosis. 1FM evaluation should be negative in affected patients; 
however, nonspecific trapping of immunoglobulins and C3 
can occur in sclerotic areas. 

Five subtypes of this disease have been described in 
humans: perihilar, cellular, tip, collapsing and 'not otherwise 
specified." J The clinical features of these subtypes vary some¬ 
what, but the course is generally one of progressive proteinuria 
and renal failure. Permeability factor, a transferable circulating 
factor that promotes increased in vitw glomerular permeabil¬ 
ity to albumin and other plasma proteins, has been implicated 
in the pathogenesis oi FSGS in humans, 5 Although the exact 
identify of this permeability factor is unknown, it is not 
an immunoglobulin or an immune complex. Jt is likely that 
several factors eventually will be identified that are capable of 
inducing increased glomerular permeability and eventual 
sclerotic lesions. 


correlation between heavy proteinuria and a negative patient 
outcome in humans with various glomerular diseases; also, 
rodents with albumin-induced overload proteinuria develop 
renal injury and fibrosis, and the urine of proteinuric humans 
shows mediators of renal inflammation and fibrosis, some of 
which are produced by renal tubules exposed to various 
proteins. 41 However, albumin may not be the culprit. Rodents 
with albumin-induced overload proteinuria develop akered 
glomerular permselectivity, with urinary loss of proteins in 
addition to albumin. Rats and humans with highly selective 
proteinuria appear to be at lower risk of eventual tubuloint¬ 
erstitial damage. 

Some damage occurs secondary to obstruction of the 
tubules by protein casts. 42 However, the proteins themselves 
are also toxic to the tubular epithelial cells and lead to 
increased interstitial inflammation, fibrosis, and cell death. 
Proteinuria necessitates increased resorption of proteins 
through tubular cells by means of lysosomal processing. 
Ruptured lysosomes lead to cytoplasmic damage. Interstitial 
inflammatory cells, initially recruited in response to injury, 
contribute to the development of interstitial fibrosis. Other 
factors that may be involved in the genesis of interstitial 
inflammation and fibrosis induced by proteinuria include 
osteopontin, monocyte chemoattractant protein-1, urinary 
iron, endothelin-1, transforming growth factor-^, and tumor 
necrosis I actor-alpha, 42 A direct link has not been established 
between proteinuria and progressive renal damage in dogs, 
but it probably exists to some extent. Because proteinuria 
may be a major factor responsible for progressive renal failure 
in patients with glomerular disease, aggressive management of 
the proteinuria should be considered a cornerstone of the 
treatment of dogs and cats with glomerular disease. 






NONSPECIFIC MEDICAL MANAGEMENT 
OF GLOMERULAR DISEASE 
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In addition to specific management that might be implemented 
with the various glomerular diseases, nonspecific management 
is indicated. This therapy can be divided into three major 
categories: (1) treatment of potential underlying diseases 
processes, (2) reduction of proteinuria, and (3) management 
of uremia and other complications of generalized renal failure 
(discussed in Chapter 260). 

Many glomerulopathies in dogs are believed to develop 
secondary to a systemic infectious, inflammatory, or neoplastic 
disease process. However, the inciting agent may not be 
obvious at first presentation because the offending disease is 
no longer present or is occult. Continued observation and 
scrutiny are necessary, because the causative disease process 
may become obvious in the ensuing months after presenta¬ 
tion. The initial step in the management of a persistently 
proteinuric dog or cat is to treat and eliminate, if possible, any 
potential predisposing diseases. The dog should be subse¬ 
quently evaluated for resolution of the proteinuria, which 
may occur slowly over a period of months. If proteinuria does 
not resolve or worsens, a renal biopsy to determine the 
specific glomerular disease present may be warranted. 

Enalapril significantly reduced proteinuria and delayed 
either the onset or the progression of azotemia in dogs with 
gbmerulonephritis. 43 Treatment of dogs with glomerular 
diseases with ACE inhibitors is now’ considered a standard of 
care. 4? ACE inhibitors may reduce proteinuria and preserve 
renal function by several possible mechanisms. The decreased 
efferent glomerular arteriolar resistance effected by ACE 
inhibitors leads to decreased glomerular transcapillary 
hydraulic pressure and decreased proteinuria. Other proposed 
mechanisms include reduced loss of glomerular heparan 
sulfate, decreased size of the glomerular capillary endothelial 


Tubulointerstitial Lesions Associated 
with Glomerular Disease 

Proteinuria induces tubular damage, leading to progressive 
nephron loss. 41 Evidence in support oi this includes the 


Figure 261-11 Glomerulus from a dog widi a lesion resembling 

focal segmental glomerulosclerosis Note the relatively normal 
appearance ol the glomerular sections that are not sclerotic 
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pores, improved lipoprotein metabolism, slowed glomerular 
mesangial growth and proliferation, and inhibition of 
bradykinin degradation. 43 Typically enalapril [0.5 mg/kg given 
orally] is administered once a day If no redaction in protein¬ 
uria is seen after 2 to 4 weeks, the frequency should be 
increased to twice daily (approximately half of the dogs may 
eventually need twice daily administration), 43 Although the 
serum creatinine concentration should be monitored, it is 
uncommon for dogs to have worsening of azotemia due 
enalapril administration alone. Adequate blood 
control of hypertensive dogs may also lead to a reduction in 
proteinuria and slow the progression of disease. Because ACE 
inhibitors are relatively weak antihypertensive agents, addi¬ 
tional antihypertensive agents (e.g., amiodipine) may be 
needed if hypertension (i.e., systolic blood pressure greater 
than 17 0 mm Hg) persists after the initiati on of ACE inhibitor 
thera py. 

Platelets and thromboxane may play an important role in 
the pathogenesis of glomerulonephritis. Thromboxane is an 
inducer of platelet aggregation and a chemotactic factor for 
neutrophils. Neutrophils induce damage to the GBM through 
release of proteolytic enzymes. Thromboxane release may lead 
to a reduction in the glomerular filtration rate by inducing 
vasoconstriction and mesangial cell contraction. Thromboxane 
synthetase inhibitors have been shown to decrease proteinuria 
in dogs with experimentally induced glomerulonephritis. 44 
Aspirin is a nonspecific cyclo-oxygenase inhibitor that may be 
used to reduce glomerular inflammation and inhibit platelet 
aggregation, which may have an added benefit of preventing 
thromboembolism. In theory, very low doses of aspirin 
(0.5 mg/kg given orally once or twice daily) may selectively 
inhibit platelet cydo-oxygenase without preventing the 
beneficial effects of prostacyclin formation. 

Dietary protein restriction may be useful in the manage¬ 
ment of dogs with glomerulopathies. Humans and rats with 
glomerular disease demonstrate a reduction in proteinuria 
without a change in serum albumin concentrations with restric¬ 
tion of dietary protein. Diets should not be supplemented 
with protein, because this aggravates urinary protein losses. 

The enhanced omega-3 to omega-6 polyunsaturated fatty acid 
ratio and restriction in salt and phosphorus found in canine renal 
diets may also be of benefit to dogs with glomerulopathies, 
Omega-3 fatty acid supplementation has been shown to be 
renoprotective in dogs with renal failure and to mitigate 
hypertension and reduce serum triglyceride and cholesterol 
concentrations in humans with nephrotic syndrome. 45 These 
positive effects are in part mediated through generation of the 
3-series prostaglandins. Sodium restriction is beneficial in 
the control of hypertension and fluid retention. Provision of 
adequate exercise may help reduce the formation of edema 
ascites. Because plasma volume is often reduced in animals 
with hypoalbuminemia and edema, the use of diuretics 
should be avoided unless these drugs are needed to control 
respiratory distress. 

The use of immunosuppressive drugs in the treatment of 
both dogs and humans with glomerular disease is controversial. 
No controlled study has been done on the use of cortico¬ 
steroids in dogs with glomerular diseases. Proteinuria has been 
demonstrated in dogs with corticosteroid excess and may 
induce glomerular lesions. 9 46 Furthermore, prednisolone 
administration was shown to reversibly increase proteinuria in 
dogs with hereditary nephritis. 47 The use of immunosuppres¬ 
sive agents is generally limited to dogs that have developed 
glomerulonephritis secondary to a steroid-responsive disease, 
such as systemic lupus erythematosus, but it should also be 
considered in animals with primary membranous nephropathy 
or MCD, Cyclosporine, the only drug that has been studied 
prospectively in dogs with glomerular disease, was found to be 


of no benefit. 48 However, dogs with idiopathic disease 
included in this study regardless of which specific glomerular 
disease they had. In the future, the use of immunosuppressive 
drugs needs to be systematically studied in dogs with primary 
membranous nephropathy, MCD, or lupus nephritis. Until 
the results of such a study are available, immunosuppressive 
agents should be used only with caution and careful patient 
monitoring. 

The UPC, urinalysis, body weight, body condition score, 
and serum albumin and creatinine concentrations should be 
evaluated monthly whenever modifications in the therapeutic 
plan are being made, or every 3 to 6 months if the dog's clin¬ 
ical signs are stable and therapeutic changes are not being 
made. Slight day-to-day variations in the UPC can occur; 
changing proteinuria is most accurately measured by assessing 
trends in the UPC over time. The systemic blood pressure 
should be measured at least every 3 to 6 months and more 
frequently if hypertension is unregulated. If the dog no longer 
has the ability to produce concentrated urine, a urine sample 
should be submitted for bacterial culture and susceptibility 
testing every 6 months. Because histologic lesions do not 
necessarily resolve even though renal function may improve, 
repeat biopsies generally are not needed. A reduction in 
proteinuria (ideally greater than 50%) as measured by the 
UPC without an increase in the serum creatinine concentra¬ 
tion indicates improvement or response to therapy. 
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COMPLICATIONS OF GLOMERULAR DISEASE 


Complications of severe proteinuria include edema formation, 
systemic hypertension, hypercoagulability and thromboem¬ 
bolism, hyperlipidemia, increased risk for infection, altered 
pharmacokinetics, malnutrition, muscle wasting, and endocrine 
abnormalities. 42 Edema formation, systemic hypertension, and 
hypercoagulability are the complications most frequently 
recognized in dogs, and less commonly in cats, with glomerular 
disease. 

Edema Formation 

Several factors contribute to the formation of edema in patients 
with nephrotic syndrome. 42 Ln severe forms of nephrotic 
syndrome, decreases in the plasma oncotic pressure allow for 
transudation of fluid into the interstitial spaces. The resultant 
decrease in effective plasma volume leads to increased renin- 
angiotensin*aldosterone activity and retention of water and 
sodium and worsening of edema. However, most humans with 
nephrotic syndrome do not have reduced blood volumes 
increased plasma renin or aldosterone activities. Thus primary 
sodium retention must also be involved in the pathogenesis of 
edema in these patients. Proposed mechanisms in primary 
renal sodium retention include a reduced single nephron 
glomerular filtration rate with enhanced proximal tubular 
resorption and cytokine-induced modification of distal resorp¬ 
tion, leading to resistance to natriuretic factors, including 
atrial natriuretic peptide, ln humans it is believed that mech¬ 
anisms of primary renal sodium retention are the most impor¬ 
tant determinants of edema formation until the 
albumin concentration decreases below 2 g/dL. Below this 
concentration, the plasma oncotic pressure is sufficiently 
reduced to allow for transudation of fluid from the vascular 
compartment into the interstitial space. 42 Dogs may be 
resistant to the formation of edema, which does not generally 
occur until the serum albumin concentration is below 
1*5 g/dL. Plasma volume may be reduced at this point, 
making the use of diuretics in the management of edema 
relatively ineffective and also dangerous because of the 
increased risk of acute renal failure and thromboembolism, 42 
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Hypertension 

Systemic hypertension has been reported in up to 80% of dogs 
with glomerular disease. The frequency of hypertension in 
each form of glomerular disease has not been established in 
dogs but does vary in humans. Hypertension appears to be 
most common in people with FSGS and membranoprolifera- 
tive glomerulonephritis, whereas it is uncommon in associa¬ 
tion with MCD and does not occur higher than control 
populations in humans with membranous nephropathy* 5 The 
primary mechanism of hypertension in association with 
nephrotic syndrome is believed to be expansion of the plasma 
volume in association with primary renal sodium retention. 
However, generation of several vasoactive factors (e*g., renin, 
angiotensin II, endothelin) is increased in human patients with 
nephrotic syndrome and may contribute to hypertension. 
Nitric oxide deficiency may also play an important role in the 
development of hypertension* 42 

Target organs of hypertensive injury include the kidneys, 
the central nervous system, the eyes, and the heart. Blindness 
may be the presenting complaint in animals with hyperten¬ 
sion, most commonly due to retinal detachment. However, 

retinal hemorrhage, edema, vessel tortuosity, and degenera¬ 
tion; hyphema; and secondary glaucoma may also occur. 
Hypertensive encephalopathy may be manifested as lethargy, 
altered mentation, altered behavior, seizures, or balance dis¬ 
turbances* Cardiac changes in dogs and cats with hypertension 
include systolic murmurs, gallop rhythms, and left ventricular 
hypertrophy: The blood pressure should be measured in all 
dogs and cats with glomerular disease, because uncontrolled 
hypertension is a risk factor for progressive renal injury. 

Thromboembolism 

Thromboembolism, perhaps the most serious complication of 
glomerular disease, was reported in 5% of dogs with glomeru¬ 
lonephritis, 14% of dogs with amyloidosis, and 13% of dogs 
with all forms of glomerular diseased 9 - 13 Because emboli may 
be difficult to detect, the prevalence of thromboembolism in 
dogs with glomerular disease may be higher than indicated by 
these studies. The risk of thromboembolism is highest in dogs 
with diseases most likely to cause nephrotic-range proteinuria 
fe.g,, membranous nephropathy, amyloidosis). Pulmonary 
thromboembolism is most common, but emboli may also 
lodge in other arteries (e.g*, mesenteric, renal, iliac, brachial, 
coronary) or the portal vein. 

Although urinary loss of antithrombin III (AT III) has 
gained the most attention in veterinary medicine, the patho¬ 
genesis of the hypercoagulable state is multifactorial. 42 AT III 
is a serine protease inhibitor that modulates fibrin generation; 
heparin catalyses these reactions. AT III 65,000 daltons) is 
similar in charge and size to albumin (69,000 daltons); serum 
AT III activity closely correlates with the serum albumin 
concentration. This close correlation allows one to predict an 
increased risk of thromboembolism in patients with a serum 
albumin concentration less than 2 g/dL, when serum AT III 
activity would be expected to be less than 75% of normal. 8 
However, AT III activity levels do not always correlate with 
the development of thromboembolism; other factors are 
involved. 

Albumin binds to arachidonic acid, which, if unbound, 
would stimulate platelet aggregation through the generation 
of prostaglandins (Le., thromboxane B 2 ); hypo albumin emi a 
is associated with increased platelet aggregation, 42 Hyper¬ 
cholesterolemia contributes to platelet hypersensitivity by influ¬ 
encing the membrane-associated enzyme and receptor activity 
through alteration of the membrane composition. The role of 
platelet hypersensitivity in the development of hypercoagula¬ 
bility may be enhanced by thrombocytosis, which occurs in 
many animals with glomerular disease. Increased fibrinogen 


concentrations (i.e>, above 300 mg/dL), which are often pre¬ 
sent in patients with nephrotic syndrome, lead to increased 
fibrin complex formation and platelet hyperaggregation. The 
risk of thromboembolism may be further enhanced by 
increased concentrations of alpha 2 macro globulin, alpha : 
antiplasmin; procoagulant cytokines; coagulation factors V, 
VII, VIH, and X; increased plasma viscosity and interstitial 
pressure; decreased plasma plasminogen concentrations; 
decreased plasma volume and blood flow; endothelial injury; 
and infections, 42 

Coumadins and aspirin have been used in the prevention 
of thromboembolism in at-risk dogs. However, warfarin is 
highly protein bound, it is very difficult to titrate the dose 
adequately to prolong the prothrombin time appropriately 
(i.e., 150% of baseline) in dogs with hypoalbuminemia, and its 
use is not recommended* Alternatively, low-dose aspirin is 
inexpensive, easy to administer, and has the added benefit of 
potentially reducing proteinuria. 

Hyperlipidemia 

Hypercholesterolemia was reported in 79% of dogs with 
glomerulonephritis and 86% of dogs with amyloidosis. 913 
Cholesterol concentrations as high as 749 mg/dL have been 

reported, although the mean concentration was 312 mg/dL in 

69 dogs with glomerulonephritis and 350 mg/dL in 23 dogs 

with amyloidosis. 09 Increases in total plasma cholesterol, 

very Tow-density lipoprotein (VLDL), and low-density 
lipoprotein (LDL) occur. 49 Hyperlipidemia is variably seen in 
humans with nephrotic syndrome and has not been fully stud¬ 
ied in dogs. The pathogenesis of hyperlipidemia in association 
with nephrotic syndrome is complex. 49 Hypoalbuminemia 
stimulates hepatic protein synthesis, including the synthesis of 
lipoproteins, leading to hypercholesterolerma* 42 The serum 
albumin concentration and plasma oncotic pressure inversely 
correlate with the magnitude of hypercholesterolemia. It is 
unclear whether hypoalbuminemia or the decreased plasma 
oncotic pressure, or both, induce the increased synthesis. 
Alterations in lipid catabolism also contribute to the develop¬ 
ment of hyperlipidemia. Orosomucoid, which plays an Impor¬ 
tant role in the maintenance of glomerular permselectivity, is 
lost in the urine of patients with glomerular disease. Urinary 
losses of orosomucoid exacerbate proteinuria but also 
contribute to hyperlipidemia by indirectly causing decreased 
hepatic production of heparin sulfate, a cofactor needed in 
normal lipoprotein lipase function. 49 

Some evidence supports the theory that uncontrolled 
hyperlipidemia contributes to glomerular and tubulointersti¬ 
tial injury. LDL and oxidized LDL may alter mesangial cell 
function and increase the synthesis of mesangial matrix, 
thereby accelerating the formation of glomerulosclerosis* 42 
Glomerular and tubulointerstitial lipoprotein deposition and 
lipoprotein-induced cytotoxicity also contribute to renal 
injury. Interestingly, glomerular lesions have been identified in 
cats with lipoprotein lipase deficiency and in miniature 
schnauzers with hyperlipidemia* 50 








PROGNOSIS FOR GLOMERULAR DISEASE 


The prognosis for dogs and cats with glomerular disease is 
variable and probably based on a combination of factors. The 
prognosis is expected to differ with the various diseases, as 
discussed earlier in the chapter. Although progressive disease 
can be expected to occur in a large percentage of animals 
with glomerular disease, spontaneous remission and response 
to specific therapy can also be expected. Furthermore, disease 
progression can be slow enough for the animals to lead relatively 
normal lives, especially when the diagnosis is established early in 
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the disease process- In humans, azotemia, severe proteinuria, 
systemic hypertension, and marked tubulointerstitial lesions 
at presentation are the most significant predictors of an unfa¬ 
vorable outcome in most forms of glomerular disease. Clinical 

impressions would suggest that these same variables affect the 
prognosis in dogs and cats. 

Dogs with glomerulonephritis that were azotemic at first 
evaluation survived less than 3 months. 9 The median survival 
of 53 dogs with glomerulonephritis and amyloidosis that 


were not dead or euthanized shortly after presentation 

only 28 days, although individual dogs survived for more than 

3 years; survival times did not correlate with any biochemical 

parameter in these dogs.® Both of these studies are inherently 

biased toward death by the inclusion of dogs from which renal 

tissue samples were collected during postmortem 

tion. More study is needed to characterize the natural history 

and prognosis of the various glomerular diseases in dog 
and cats. 
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urinary tract infection (UTI) develops when a breach 

(either temporary or permanent) occurs in host defense 

mechanisms and a virulent microbe in sufficient 

numbers is allowed to adhere, multiply, and persist in a 

portion of the urinary tract. UTIs typically involve bacteria, 

although fungi and viruses also may infect the urinary tract. 

Infection may predominate at a single site, such as the kidney 

(pyelonephritis), ureter (ureteritis), bladder (cystitis), urethra 

(urethritis), prostate (prostatitis), or vagina (vaginitis), or it 

may be present at two or more of these sites. Because a UTI 

may involve more than one location, it may be relevant to 

identify the infection anatomically; that is, upper urinary tract 

(kidneys and ureters) or lower urinary tract (bladder, urethra, 

and prostate or vagina). UTIs may or may not produce clinical 
signs. 


A 


Bacteriuria 

Bacteriuria refers to the presence of bacteria in the 
However, identification of bacteria in the urine is not synony¬ 
mous with UTL The presence of bacteria may represent 
contamination of a urine sample, particularly if the sample 
was collected by voiding or catheterization. Bacteria in the 
distal urogenital tract may appear in urine collected by these 
methods, or the urine may be contaminated after collection. 
Significant bacteriuria is the term used to describe bacteriuria 
that represents a UTL A high bacterial number in a properly 
collected and cultured urine sample is indicative of a bacterial 
UTI. Small numbers of bacteria obtained from untreated pets 
usually indicate contamination. Asymptomatic bacteriuria refers 
to significant bacteriuria that is not associated with clinical 
signs of UTL. This often occurs in animals with compromised 

host defenses, such as those with glucocorticoid __,, 

diabetes mellitus, or feline immunodeficiency virus infection. 
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The reported incidence of bacterial UTI in dogs and 
variable. Bacterial UTI is estimated to affect 14% of all dogs 
during their lifetime, 1 and it is more common in females. 2 - 5 
In cats, bacterial UTIs occur more often in animats older than 
10 years, and the incidence increases with age. 6 9 Fungal UT1 
is believed to be uncommon. 1lc ^ 3 The incidence of viral UTI is 
unknown, but viruses have been implicated as a cause of 
lower urinary tract disease in cats (see Chapter 266). J4 - JS 

The pathogenesis of urinary tract infections represents a 
balance between uropathogenic infectious agents and host 
resistance. UTIs should be treated with antimicrobial agents; 
however, the status of host defense mechanisms is important in 
the development- treatment, and prevention of these infections. 
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Funguria 

Funguria refers to the presence of fungi in the urine. Fungi are 
not normally present in the urogenital system, and identifica¬ 
tion of these organisms indicates the presence of an infection, 
regardless of whether clinical signs 

Pyuria 

Pyuria refers to the presence of white blood cells (WBCs) in 
the urine. Pyuria is defined as (1) more than 3 to 5 WBCs 
[neutrophils) per high-power field in urine sediment prepared 
from a 5 mL aliquot of urine collected by cystocentesis, 

(2) more than 5 to 10 WBCs per high-power field in urine 
sediment prepared from a 5 mL aliquot of urine collected by 
catheterization or voiding. Pyuria is not synonymous with 
UTI; it only implies inflammation. 

Inflammation versus Infection 

The presence of inflammation is not synonymous with UTL 
Many disease processes result in urinary system inflammation, 
characterized by hematuria, pyuria, and/or proteinuria. The 
presence of one or more of these conditions does not indicate 
the etiology or location of the disease process in the urogenital 
system. To identify the etiology of the inflammation, additional 
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DEFINITION OF CONCEPTS AND TERMS 






Urinary Tract Infection 

A urinary tract infection is defined as adherence, multiplica¬ 
tion, and persistence of an infectious agent in the urogenital 
system. Infections often involve a bacterial organism that i 
present normally in the distal urogenital tract. 

Mlcroburia 

Microbuna refers to the presence of microbes, typically bacteria 
in the urine. 
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CHAPTER 262 


* Urinary Tract Infections 


testing must be performed, such as imaging studies, urine 
culture, renal function tests, endoscopy, urodynamic studies, 
or biopsy. 


1 1 


Nature l and Acquired Host Defenses of the 
Urinary Tract 


ETIOPATHOGENESIS 


1. N ormo I micturition 

a. Adequtrte urine volume 

b. Frequent voiding 

c Complete voiding 

2 , Anatomic structures 

a. Urethral high-pressure zones 

b. Surface characteristics of urothelium 
c Urethral per stalsis 

d. Prostatic secretions (antibacteriaI fraction and 

imm u nog lob u I in s) 

e, Length of urethra 

£ Ureterovesical flap valves 
g. Ureteral peristalsis 
h* Glomerular mesangial cells (?) 

i. Extensive renal blood supply and flow 

j. Others (?) 

|B 

3* M ucosa I defense ba rriers 

a. Antibody prod action 

b. Surface layer of glycosaminoglycans 

c Intrinsic mucosal antimicrobial properties 

d. Exfoliation of urothelial ceils 

e. Bacterial interference by commensal microbes of 
distal urogenital tract 

£ Others (?) 

4. Antimicrobial properties of urine 

a. Extreme high and low of urine pH 

b. Hyperosmolality 

c High concentration of urea 

d. Organicacids 

e. Low-molecular-weight carbohydrates 

f. Tamm-Horsfall mucoproteins 

g. Others (?) 

5. Systemic immunocompetence 

a. Cell-mediated immunity 

b, Hu moral-mediated immunity 


Normal Host Defenses 

Most UTIs are the result of ascending migration of pathogens 
from the distal urogenital tract into otherwise normally sterile 
locations. A resident population of bacteria that is normally 
present in the lower urogenital tract may decrease establish- 

pathogen or may emerge as a uropathogen 
if normal host defenses are altered (Table 262-1), 

Although the urinary tract communicates with the 
microbe-laden external environment, most of the urinary 
tract is normally sterile, and all of it is resistant to infection. 
Mechanisms of host resistance to UTIs may be divided Into 
two categories; (1) natural inherent resistance factors and 
(2) acquired or induced resistance factors activated by the 
onset of a UT1 (Box 262-1). Systemic host defenses play a role 
in the prevention of hematogenous spread of pathogens to 
and from the urinary tract; however, local host defense mech¬ 
anisms are the initial defense in the prevention of ascending 
infection (Box 262-l). 19 There also appears to be a difference 
in host defense mechanisms between the upper and lower 
nary tracts. For example, induction of diuresis is beneficial for 
preventing experimental induction of bacterial pyelonephritis in 
rats 20 ; however, dilute urine appears to increase the susceptibil¬ 
ity of animals to bacterial infection of the lower urinary tact. 7 - 21 
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Bacteria Detected in the Urogenital Tract of Normal 
Male and Female Dogs 


DISTAL URETHRA 

OF MALES 


GENUS 


PREPUCE VAGINA 


Adnetobocter 

Bacteroides 

Bacillus 

Citrobocter 

Corynebacterium 

Enterococcus 

Enterobacter 

Escherichia 

Flavobacterium 

Haemophilus 

Klebsiella 

M i c rococc u s 

Moraxella 

Mycoplasma 

Neisseria 

Paste u relic 

Proteus 

Pseudomonas 

Staphylococcus 

Streptococcus 

Ureaplasma 


+ 


+ 


+ 


+ 


+ 


From Osborne CA, Lees GE; Bacterial infections of the canine and 
feline urinary tract. In Osborne CA, Finco DR (eds): Canine and 
feline nephrology and urology. Baltimore, Williams & Wilkins, 1995, 


+ 


+ 


+ 


+ 




pp 759-797. 
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Microbial Factors 

Not all microbes, particularly bacteria, are pathogenic. For 
example, of the more than several hundred serotypes of 
Escherichia colt , fewer than 20 account for most bacterial 
UTIs, 22 Because £. coli is the most common bacterial 
uropathogen in humans, dogs, and cats, its virulence 
uropathogenicity) has been studied extensively, 2 2 ‘ 33 Less 
is known about the uropathogenicity of other pathogens 

(Box 262-2). Uropathogens typically have more 
virulence factor, therefore the absence of one factor does 
not necessarily result in loss of uropathogenicity. Likewise, 
bacteria that are nonpathogenic in a normal pet may become 
pathogenic in one with altered host defenses. 

Microbial Isolates 

The bacteria that commonly cause 

and cats. Infections caused by E. coli are most common, and 
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+ 


+ 


+ 


+ 
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From Bars anti JA, Johnson CA: Genitourinary infections, fn Greene 
CE (ed): Infectious Diseases of the Dog and Cat, 2nd ed, 
Philadelphia, WB Saunders, 1990, pp 157-183. 
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by two species, and approximately 5% are caused by three 
species, 1 ] A similar pattern is found in cats. 7 - 5 * 

Routes of Infection 

The majority of UTI occur as a consequence ol ascending 
migration of pathogens through the genital tract and urethra to 
the bladder, ureters, and one or both kidneys. Rectal, perineal, 
and genital bacteria serve as the principal reservoirs for in fee* 
tion. ls " r - Although the intrinsic motility of some bacteria, 
including E. call and Proteus spp., may aid their retrograde 
migration from the distal urogenital tract, brownian movement 
is the primary mechanism for ascending infection. 41 In addi¬ 
tion to gaining access to the urinary tract, microbes must 
adhere to and colonize the urothelial surface. Thus the estab¬ 
lishment of a UTI depends on the number and virulence of 
microbes and their interaction with host defenses. 

The upper urinary- tract is most commonly infected by 
ascending microbes rather than through hematogenous seed¬ 
ing caused by systemic infection. 44 - 46 Because blood must pass 
through glomerular capillaries in the renal cortex before it 
reaches the medulla, most hematogenous bacteria do not 
reach the renal medulla. Apparently, renal cortical tissue is 
more resistant to infection than medullary tissue. Urinary 
tract obstruction or trauma increases the risk of hematoge¬ 
nous seeding of the urinary tract by interfering with the renal 
m r crocircula tio n. 47 




262-2 






Some Factors That May Enhance the Virulence 
(Uropathogenidty} of Bacteria Causing Urinary 
Tract Infection 


1. Escherichia cati 

a. Certain O (somatic) antigens 

i. Outer polysaccharide portion of bacterid 
envelope 

ti. 5mooth cdony morphology on culture plate 
ui. Indirect marker of virulence (human studies) 

b. Certa i n K (capsular) antig e ns 
L Capsule surrounds bacterium. 

ii. May inhibit phagocytosis and complement- 
med iated bactericidal a cti vity 

iii Increased resistance to inflammation favors 


i i t 




persistence of bacteria in tissue. 

Adhesive fimbriae (pilt) 

1. Proteinaceous filamentous organelles that 
protrude from the surface of the bacterium 
i i. S pedfi c type s of ft m brio e (p- fimb ri a e) en ha nee 
the ability of a bacterium to remain adherent to 
uroepithelium despite cleansing action of urinary 

system, 
d. Hemolysin 


c. 


CLINICAL FINDINGS 


Increases amount of free iron available for 
bacterial growth 
ii. May cause tissue damage 
e, Aerobactm 


L 


Historical Information and Physical 
Examination Findings 

Dogs and cats with UTI may or may not be symptomatic. 
Clinical signs associated with UTI are variable and depend 
on the interaction oi (1) the virulence and numbers of the 
uropathogen, (2) the presence or absence of predisposing 
causes, (3) the body's compensatory response to infection, 
(4) the duration of infection, and (5) the site or sites of infection 
(Table 262-2). Pallakiuria, stranguria, dysuria, and inappropri¬ 
ate urination may be observed with lower urinary tract infec¬ 
tions. Animals with upper urinary tract infections may show 
pain localized to one or both kidneys, hematuria, septicemia, 
or renal failure (with resultant clinical signs if both kidneys 
are infected). If the UTI is associated with a predisposing con¬ 
dition (e,g., diabetes mellitus, hyperadrenocorticism, or blad¬ 
der neoplasia), clinical signs associated with that condition 
usually predominate Female dogs with abnormalities of the 
vulva, perivulvar dermatitis, or vaginal stenosis may have an 
increased risk for UTL 4S Male cats with perineal urethros¬ 
tomies also have an increased risk for UTI 49 Some animals 
may have infection of both the upper and lower urinary tracts, 
especially if renal failure is present. 

Laboratory Results 

Unless septicemia or renal failure is present, the results of 
complete blood cell counts are normal. If septicemia is pre¬ 
sent, leukocytosis and a left shift may be seen. Lower urinary 
tract infection does not cause changes in blood work unless 
another disease process is present. With upper urinary tract 
infections, serum biochemical analysis may be normal or may 
indicate renal failure (if both kidneys are diseased). If the UTI 
is associated with another disease, changes in laboratory 
parameters may reflect the associated condition. In cats, feline 
leukemia virus and feline immunodeficiency virus infections 
increase the risk of UTI. 7 

Results of Imaging Studies and Endoscopy 

In many dogs and cats with a UTI, the results of imaging 
studies are normal. Survey abdominal radiography may reveal 


i. Iron-binding protein 

ii. Facilitates bacterial growth 

f. R-plasm ids 

i. Promote resistance to antimicrobial agents 

g. R es i sta n ce to se r u m boote rterd a I a cti vity 

h. Short generation time in urine 

2. Prate us t 5 taphylococcus, a nd so m e Klebsiella s p p. 

a. Adherence factors 

b. Urease 

i. Bacterial enzyme that hydrolyzes urea to 
ammonia 

ii. Ammonia directly injures u roepitbelium. 

iii. U rease fosters prodaction of magnesium 

ammonium phosphatase uroliths. 

c. R-plasmids 

3, Pseudomonas sp, 

a. H eavy muco id pol ysa ccha ride ca psu le 
i* Preve nts a nt ibod y coat i ng 

b. R-plasmids 


this pathogen accounts for one third to one half of all organ¬ 
isms isolated from urine. Gram-positive cocci are the second 
major group of uropathogens. Staphylococci, streptococci, 
and enterococci account for one fourth to one third of isolates 
recovered. Bacteria that cause the remaining one fourth to 
one third of bacterial UTls include Proteus , Klebsiella, 
Pasteurella, Pseudomonas, Corynebaaerium , and Mycoplasma 
spp.; however, infection caused by any of these bacteria is 

uncommon A* 7 * 1134 ~ 37 

Approximately 75% of bacterial UTIs in dogs are caused 

by a single species of pathogen, approximately 20% are caused 
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uroliths, renomegaly, or small kidneys, or other defects that 
may predispose the animal to the development of a UT1. 
Some dogs may have pelvic displacement of the urinary blad¬ 
der (so-called pelvic bladder}, which can be associated with 
urinary incontinence and UTI, although it also is observed in 
dogs without disease. 50 If no abnormalities 
survey abdominal radiography, ultrasonography or contrast 
radiography should be performed. The upper urinary tract 
may be evaluated by excretory urography and the lower uri¬ 
nary tract may be evaluated by contrast cystourethrography 
double contrast cystography and contrast vaginourethrog- 
raphy. A potential complication of contrast radiography of the 
lower urinary tract is induction of a UTL Ultrasonography is 
a noninvasive technique that is useful for evaluating the 
echotexture and architecture of the urinary tract except for 
the distal urethra. In humans, nuclear scintigraphy using 
technetium-99m-labeled dimercaptosuccinic acid (DMSA) 
may be useful for evaluating for pyelonephritis; however, this 
diagnostic aid has not been used in dogs. 51 ' 52 

Endoscopy of the lower urinary tract may be useful for 
identifying mucosal and intraluminal lesions that may pre* 
dispose an animal to UTL In one cat, a urolith not visible 
by survey radiography was visualized by cystoscopy. 53 
Disadvantages of cystourethroscopy include induction of 
anesthesia to perform the procedure, contamination of and 
trauma to the lower urogenital tract, and difficulty performing 
the procedure in male cats. 


of UTL Failure to detect bacteria on examination of urine sed¬ 
iment does not exclude their presence or rule out a UTL 

Urine Collection 

For urine culture, urine should be collected by cystocentesis. 
With lower urinary tract disease, collection of a sample by this 
method may be difficult, and it may be necessary to collect 
urine by catheterization or, less desirably, voiding. These tech¬ 
niques require cleansing of the pet s external genit alia, and the 
peri vulvar fur may require clipping to prevent contamination. 
Although urinary catheterization of dogs is usually accom¬ 
plished without chemical restraint, cats require sedation or 
anesthesia, A sterile catheter and collection container (a syringe 
or a collection cup with a tight-fitting lid) are used. If the 
results of quantitative culture of urine samples obtained by 
catheterization or midstream voiding are equivocal after serial 
cultures, urine should be collected by cystocentesis. 

The presence of bacteria, even in low numbers, in urine 
collected aseptically by cystocentesis indicates a UTI; how¬ 
ever, false-positive results may occur if a loop of intestine 
is penetrated with the hypodermic needle during the proce¬ 
dure or if the sample is contaminated during handling. 
Contamination usually involves recovery of more than one 

organism, 

Urine Culture 

As mentioned previously, urine culture is the gold standard 
for diagnosis of a UTI. A diagnosis of UTI based only on clin¬ 
ical signs, hematuria, and/or urinary tract inflammation is a 
misdiagnosis that may result in inadequate or inappropriate 
treatment. Under some circumstances, antimicrobial therapy 
may be initiated without first obtaining the results of urine 
culture (see Empiric Antimicrobial Treatment, below); how¬ 
ever, samples for urine culture should be collected before drug 
therapy is started. If antimicrobial therapy has been started, it 
should be discontinued for 3 to 5 days prior to performance 
of a urine culture to minimize inhibition of microbial growth, 

A urine culture is the most definitive means of diagnosing 
a bacterial UTL Fungal culture should be considered when 
yeast or fungi are identified on urine sediment examination. 
Care must be taken to collect, preserve, and transport the 
urine sample so as to avoid contamination, proliferation, or 
bacterial death. 60 Urine specimens for aerobic bacterial 
culture should be transported and stored in sealed, sterilized 
containers, and processing should begin as soon as possible. 
If laboratory processing is delayed by more than 30 minutes, 
the specimen should be refrigerated at 4°C. ei At room tem¬ 
perature, bacterial counts may double every ZO to 45 minutes. 
Multiplication or destruction of bacteria may occur within 
1 h our of collection. 

If samples cannot be processed immediately for urine cul¬ 
ture, several alternatives are available. Blood agar and 
MacConkey s agar plates may be inoculated and incubated for 
24 hours. A calibrated bacteriologic loop or a microliter 
mechanical pipette that delivers exactly 0.01 or 0.001 mL of 
urine to the culture plates should be used. The urine is 
streaked over the plates by conventional methods. Blood agar 
supports the growth of most aerobic uropathogens, and 
MacConkey’s agar provides information that aids the identifi¬ 
cation of bacteria and prevents "swarming" of Fro reus spp. The 
plates are incubated or placed under an incandescent Light. 62 
If bacterial growth occurs on the plate after 24 hours, the 
plates may be submitted for identification and determination 
of antimicrobial sensitivities, or antimicrobial susceptibility 
may be determined using the agar disk diffusion method. 62 * 63 
If no growth occurs after 24 hours, the plates may be discarded. 

Commercially available urine culture collection tubes 
containing preservative, combined with refrigeration, may be 
used to preserve specimens for up to 72 hours. 6 * More recently, 


found by 


DIAGNOSIS 


Urinalysis 

A urinalysis should be performed as a routine part of a mini¬ 
mum database. A complete urinalysis involves determination 
of the urine specific gravity (USG) using a refractometer, 
chemical analysis using analytic test pads on dipsticks, and 
sediment examination. Cystocentesis is the best method of 
collecting urine when evaluating a dog or cat for UTI. If infec¬ 
tious prostatitis or vaginitis is suspected, these anatomic areas 
should be evaluated using different techniques (see Chapters 

253 and 263). 

With urinary tract infection the USG is variable, depending 
on whether the infection involves the upper urinary tract 
an associated disease Dipstick analysis often, but not always, 
reveals hematuria and proteinuria. Leukocyte esterase 
(WBCs) and nitrite (bacteria) test pads are not reliable in dogs 
and cats and should not be used, 5 * 

Examination of urine sediment should be a routine part of 
a complete urinalysis. The presence of a significant number of 
WBCs (more than 0 to 5 per high-power field) associated 
with hematuria and proteinuria in a properly collected urine 
sample suggests inflammation. Detection of significant 
microburia with pyuria indicates active inflammation associ¬ 
ated with an infection. Bacteria and fungi may be difficult to 
identify in dilute urine, making a diagnosis of UTI problem¬ 
atic. UTI, especially a bacterial UTI, may be present without 
concurrent inflammation if host defenses are compromised 
(e.g,, as in hyperadrenocorticism or feline leukemia virus 
infection}. 7 ' 1255 ' 59 

Rod-shaped bacteria may be identified in unstained prepa¬ 
rations of urine sediment if more than 10,000 bacteria/mL 
present, but they may not be consistently detected if present 
in fewer numbers. Cocci are difficult to detect in urine sedi¬ 
ment if their numbers are less than 100,000 bacteria/mL. 2 
Although detection of bacteria on urine sediment examina¬ 
tion suggests bacterial UTI, this finding should be verified by 
urine culture. Urine sediment may be stained with Gram's 
stain or new methylene blue to aid in detection of microbes; 
however, urine culture is the gold standard for confirmation 
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The agar disk diffusion method consists of Mueller-Hinton 
agar plates that have been inoculated with a standardized sus¬ 
pension of a single uropathogen. Paper disks impregnated 
with different antimicrobial drugs are placed on the plate. 
After 18 to 24 hours' inoculation at 38° C, antimicrobial sus¬ 
ceptibility is estimated by measuring zones of inhibition of 
bacterial growth surrounding each disk. The zones of inhibi¬ 
tion are then interpreted in light of established standards and 
recorded as resistant, susceptible, or intermediately suscepti¬ 
ble, Because of differences in the ability of various antimicro¬ 
bials to diffuse through agar, the antimicrobial disk 
surrounded by the largest zone of inhibition is not necessarily 
the drug most likely to be effective. Also, because the concen¬ 
tration of antimicrobial (except nitrofurantoin) in the paper 
disks is comparable to the typical serum concentration of the 
drug, drugs that are found to be resistant by the agar disk dif¬ 
fusion method may be effective in the urinary tract if they are 
excreted in high concentrations in urine (e.g,, ampicillin and 
cephalexin). 

Antimicrobial dilution technique Antimicrobial dilution 
susceptibility tests are designed to determine the minimum 
concentration of an antimicrobial drug that will inhibit the 
growth of the uropalhogen (i.e,, the MIC). After inoculation 
and incubation of uropathogens into wells containing serial 
twofold dilutions of antimicrobial drugs at concentrations 
achievable in tissues and urine, the MIC is defined as the 
lowest antimicrobial concentration (or highest dilution] that 
allows no visible bacterial growth. The MIC is several dilu¬ 
tions lower than the minimum bactericidal concentration of 
drugs. In general, the antimicrobial agent is likely to be effec¬ 
tive if it can achieve a concentration four times that of the 

MIC (Table 262-4). Many antimicrobial drugs that are 

excreted through the kidneys reach concentrations in urine 
that are 10 to 100 times greater than the serum concentration. 


in-house urine culture and susceptibility kits have become 
available (IndicatoRx; IDEXX Laboratories, Westbrook, 
Maine), 

Qualitative urine culture A qualitative urine culture 
involves the isolation and identification of bacteria in urine; it 
does not include quantification of bacterial numbers. 
Although urine in the bladder is normally sterile, urine that 
passes through the distal urogenital tract often becomes con¬ 
taminated with resident flora (see Table 2624 j. Therefore the 
presence of bacteria in urine collected by catheterization or 
voiding is often difficult to interpret, even with quantification 
of bacteria (Table 262-3). For this reason, a diagnostic urine 
culture should include quantitation of bacterial numbers in 
addition to identification of the organism and antimicrobial 
susceptibility. 

Quantitative urine culture A quantitative urine culture 
includes isolation and identification of the organism and 
determination of the number of bacteria (i.e., colony-forming 
units [cfu] per unit volume). Quantitation allows interpreta¬ 
tion of the significance of bacteria present in a urine sample. 
However, caution should be exercised in the interpretation of 
quantitative urine cultures obtained by midstream voiding or 
manual expression of the bladder. Although urine obtained 
from most dogs without a UT1 is either sterile or contains less 

than 10,000 cfu/mL (see Table 262-3), counts of 100,000 

cfii/mL or higher have occurred with sufficient frequency to 
make collection of urine by midstream voiding or manual 
expression unsatisfactory. 65 The definition of significant bac- 
teriuria in cats involves lower numbers of organisms, because 
cats appear to be more resistant to UTI than dogs. 

Antimicrobial Susceptibility Testing 

Administration of antimicrobial agents is the cornerstone of 
treatment for UTI,The antimicrobial agent selected should be 
(l] easy to administer, (2] associated with few, if any, side 
effects, i3) inexpensive, (4] able to attain tissue or urine 
concentrations that exceed the minimum inhibitory concen¬ 
tration (MIC) for the uropathogen by at least fourfold, and 
(5) unlikely to affect the pet's intestinal flora adversely. 2 The 
antimicrobial agent chosen should be based on antimicrobial 
susceptibility testing. 

Agar disk diffusion technique Antimicrobial susceptibil¬ 
ity testing is often done using agar disk diffusion (Kirby-Bauer 
technique), 66 which is adequate for most bacterial UTIs, 






c/> 




TREATMENT 


Prevention 

Normal host defense mechanisms are effective in preventing 
UTls; however, they 
normal host defenses may be overwhelmed if large quantities 
of a virulent uropathogen are introduced into the urinary tract 
during diagnostic and therapeutic procedures. Iatrogenic UTI 
is a common complication of indwelling urinary catheters, 
especially if an open-ended system is used. Bacterial UTI 


not impenetrable. For example, 


Table 262-3 


Interpretation of Quantitative Urine Cultures in Dogs and Cats* 


CONTAMINANT 


SUSPICIOUS 


SIGNIFICANT 


CATS 


DOGS 


DOGS 


CATS 


DOGS 


SAMPLE TYPE 


<100 

<100 


100 to 1000 
1000 to 10,000 

10,000 to 90,000 
10,000 to 90,000 


TOO to 1000 

100 to 1000 

1000 to 10,000 
1000 to 10,000 


<100 


>1000 

£ 10,000 

> 100,0001 

> 100,0001 


£1000 

>1000 

£ 10,000 

> 10,000 


Cystocentesis 
Catheterization 
Midstream voiding 
Manual compression 


Si 000 
SI 0,000 
< 10,000 


<1000 
SI 000 


From Lulich JP, Osborne CA: Bacterial urinary tract infections. In Ettinger SJ, Feldman EC (eds): Textbook of Veterinary Internal Medicine, 
4th ed. Philadelphia, WB Saunders, 1999, pp 1775-1 788, 

"Values are given in colony-forming units per milliliter of urine (cfii/mL). Data represent generalities. Occasionally, bacterial UTI may be 
detected with fewer organisms (i.e., false-negative results). 

f Because the contamination level of midstream samples may be 10,000 cfu/mL or higher (i.e,, false-positive result), these samples should 
not be used for routine diagnostic culture. 
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Table 262-4 


Average Canine Urine Concentrations of Some Antimicrobial Agents 


DAILY DOSAGE 

(mg/kg) 


ROUTE OF 
ADMINISTRATION 


MEAN URINE 
CONCENTRATION (± SD) 


DRUG 


Amikacin 

Amoxicillin 

Amproitlin 

Cephalexin 

Chloramphenicol 
Enrofioxacin 
Gentamicin 
Heta cillin 
Ka no myc i n 

Nitrofurantoin 
Penicillin G 

Penicillin V 
Sutfisoxazole 
Tet ra eye I i ne 

Tri m et hop ri m/s u I fa d iaz i n e 
Tobramycin 


5 


SQ 


342 ± 143 pg/mL 
202 ± 9 3 pg/m L 
309 ±55 pg/mL 
500 pg/ml 
124 ±40 pg/mL 
40±10pg/mL 
107 ±33 pg/mL 
300 ±156 pg/mL 
530 ±151 pg/mL 
100 pg/mL 
295 ±211 pg/mL 
148 ± 99 pg/ml 
1466 ± 832 pg/mL 
139 ± 65 pg/ml 
55 ± 19 pg/ml 
66 ± 39 pg/mL 


11 


PO 


26 


PO 


18 


PO 


33 


PO 


5 


PO 


2 


SQ 


26 


PO 


4 


SQ 


4.4 


PO 


36,700 U/kg 


PO 


26 


PO 


22 


PO 


IS 


PO 


13 


PO 


2.2 


SQ 


From Ling GV: Therapeutic strategies involving antimicrobial treatment of the canine urinary tract. J Am Vet Med Assoc 185{I0)T 162-1164, 
1984; and Lulich JP, Osborne CA* Bacterial urinary tract infections. In Ettinger SJ, Feldman EC (eds): Textbook of Veterinary Internal Medicine, 

4th ed. Philadelphia, WE Saunders, 1999, pp 1775-1788. 

SD, Standard deviation; SQ, subcutaneous; PO, per os [by mouth). 






developed in 20% of healthy adult female dogs after intermit¬ 
tent catheterization; in 33% of male dogs during repeated 
catheterization; and in 65% of healthy male cats within 3 to 
5 days of open indwelling catheterization. In a clinical study, 

bacterial UTI developed in 52% of dogs and cats with 
indwelling urinary catheters; the risk of UTI increased with 
the duration of catheterization. 67 The use of indwelling uri¬ 
nary catheters during diuresis or corticosteroid administration 
is particularly dangerous, and the problem is compounded if 
the dog or cat has preexisting urinary tract disease. 

Iatrogenic UTI may be prevented by (1) avoiding indis¬ 
criminate use of urinary catheters, (2) using a closed collec¬ 
tion system for indwelling urinary catheters, (3) using 
indwelling urinary catheters cautiously when pets are under¬ 
going diuresis, (4) avoiding the use of indwelling catheters in 
immunosuppressed pets or those receiving immunosuppres¬ 
sive medications (e.g., glucocorticoids], [5] appropriately 
using antimicrobials with urinary catheterization, and [6] 
using diagnostic and therapeutic techniques that minimize 
trauma and microbial contamination of the urinary tract. 2 
Although it would seem logical to administer antimicrobial 
agents while an indwelling urinary catheter is in place so as to 
decrease the chance of iatrogenic UTI, the practice is discour¬ 
aged. Concomitant oral or parenteral administration of 
antimicrobial agents during indwelling urethral catheteriza¬ 
tion reduces the frequency of development of a bacterial UTJ; 
however, it promotes the development of UTI caused by 
multidrug-resistant bacteria, 67 

Eradication of Underlying Causes 

Although antimicrobial agents are the cornerstone of treat¬ 
ment of UTI, they should be used in a logical fashion. Overuse 
and misuse of antimicrobial agents may result in the emer¬ 
gence of resistant organisms, a situation that has implications 
for veterinary and human health. A UTI occurs in association 
with compromise of host defense mechanisms, which may be 


transient or permanent. Transient compromise often results in 
the development of a simple, uncomplicated UTI; however, 

permanent compromise results in the development of com¬ 
plicated UTI. Evaluation for and correction or control of the 
compromise or compromises in host defense mechanisms are 
important in the treatment of UTI, especially if these infec¬ 
tions are recurrent (Figure 262-1). For example, recun-ent 
bacterial UTI may occur in female dogs with a recessed vulva; 
vulvoplasty may help prevent future infections. 68 ' 69 

Bacterial Urinary Tract Infection 

Uncomplicated UTI Uncomplicated UTIs are those in 
which no underlying structural, neurologic, or functional 
abnormality is identified. Dogs and cats with an uncomplicated 
UTJ are usually successfully treated with a 10- to 14-day course 
of an appropriate antimicrobial agent {see Figure 262-1). If the 
proper antimicrobial is chosen and administered at the appro¬ 
priate dosage and frequency, clinical signs should resolve 
within 48 hours. Also, the results of a complete urinalysis 
should improve within this same time frame If possible, a 
urine culture should be performed 5 to 7 days after cessation 
of antimicrobial therapy. ^ 

Empiric a ntimicrobial treatment Treatment of uncompli¬ 
cated bacterial UTI of acute onset may be undertaken with¬ 
out the results of antimicrobial susceptibility testing, provided 
(1) that the dog or cat has not been given antimicrobial agents 
within the last 4 to 6 weeks and (2) that this Is an initial 
infrequent occurrence. In such situations, the antimicrobial 
should be chosen for its known properties and with knowl¬ 
edge of bacteria that commonly cause UTI (Table 262-5). 
Identification of bacteria on examination of urine sediment, 
especially if Gram's staining is performed, increases the likeli¬ 
hood of empirically choosing an appropriate antimicrobial. For 
example, E. coh is the most common cause of bacterial UTI in do^ 
and cats and is a gram-negative rod associated with aciduria. 
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Intact male or female dog? 
Predisposing systemic and/or local factors? 
Recent previous urinary tract infections (UTIs)? 

Cat? 


Yes 


No 




Complicated UTI 


Uncomplicated UTI 


i 


Treat for 4 to 
6 weeks based on urine 
culture and susceptibility 

(C & S) testing 


Treat tor 10 to 14 days 


based on: 


* C & S testing 

* Empirical testing 


5 to 7 days after start 


• Before stop 

• 5 to 10 days after stop 


Figure 262-1 Algorithm for treatment of urinary tract infection (UTI) in dogs and cats, C 5, 
Urine culture and susceptibility testing. 




Staphylococci, on the other hand, are gfa m-post ti ve cocci asso¬ 
ciated with alkaiuria because they produce urease, which metab¬ 
olizes urea to ammonia, resulting in an alkaline urine pH. 

The use of fluoroquinolones for empiric treatment of bac¬ 
terial UTI is discouraged because of the inherent resistance of 
many gram-positive organisms and the developing resistance 
of many gram-negative organisms, especially E> coli , to this 
class of antimicrobials. 26 ' 70 


Complicated UTI Reproductively intact dogs, all cats, 
and animals with identifiable predisposing causes for UTI 
(e.g,, renal failure, hyperadrenocorticism, and diabetes 
mellitus) should be considered to have a complicated 
UTI (see Figure 262-1). Pyelonephritis and prostatitis are 
examples of complicated UTI. Treatment with antimicrobials 
for longer than the routine ID to 14 days may be indicated, 
and the drugs are usually administered for 4 to 6 weeks. 


<jy 






Table 


262-5 


Estimate of Susceptibility of Uropathogens to Commonly Used Antimicrobial Agents 


UROPATHOGEN 


DRUGS OF CHOlCi 


ALTERNATIVES 


E n terobacter spp. 


Tri metho pri m-su If a d iaz ine 
Tri metho pri m-su If a d iaz ine 
Cephalosporins (first generation) 


Cephalosporins (first and second generation), gentamicin, 

n itrofura ntoi n 

Cephalosporins (first and second generation), 

! at 

fluoroquinolones, gentamicin 
Amikacin, gentamicin, trimethoprim-sulfadiazine, 
cephalosporins (second and third generation) 

Tet racyct i n es 

Cephalosporins (first and second generation), gentamicin, 
n itrof u ra ntoi n , tri met hop ri m - s u Ifad i a z i n e 
Tetracyclines, gentamicin, cephalosporins 
(first, second, and third generation) 

Cephalosporins (first generation), nitrofurantoin, 
trimethoprim-sulfadiazine 
Cephalosporins (first generation), nitrofurantoin, 
tri m et hop ri m-s u If ad i az i ne 


Escherich ia coli 


Klebsiella spp.* * 


Mycoplasma , * Ureaplasma 

Proteus spp.* 


Fluoroquinolones 
Amoxicillin, ampicillin, 

amoxicill in-davulanate 
fluoroquinolones 


Pseudomonas aeruginosa * 


Staphylococcus spp.* 


Amoxicillin, ampicillin, 
amoxkiilin-davulanate 
Amoxicillin, ampicillin, 
a mox ic i 11 i n-d a vu I a note 


Streptococcus spp., 
Enterococcus spp. 


From Osborne CA, Lees GE: Bacterial infections of the canine and feline urinary tract. In Osborne CA, Finco DR (eds): Canine and feline 
nephrology and urology. Baltimore, Williams & Wilkins, 1995, pp 759-797, 

* Prior treatment with antimicrobials may alter the susceptibility of uropathogens to these drugs. 
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The urine should be evaluated in the first week of treatment 

for response to therapy and also before discontinuation of 

therapy. Prophylactic antibiotic treatment may be necessary 

to control bacterial UTIs that are difficult to eradicate or that 
recur frequently. 


includes urinary acidifiers, urinary antiseptics, local instillation 
of antimicrobial agents into the urinary bladder, alteration of 
urine volume, and the use of pharmacologic agents to affect 
the storage and voiding phases of micturition. Although the 
activity of antimicrobial agents is affected by the urine pH r 
rarely is alteration of the urine pH undertaken in an effort to 
increase activity. An exception is induction of aciduria when 
methenamine, a urinary antiseptic, is used. 

Instillation of antimicrobial agents into the urinary bladder 
is ineffective and may be associated with complications. For 
example, instillation of gentamicin into a compromised uri¬ 
nary bladder may result in absorption and attainment of toxic 
serum levels. Jf antimicrobial therapy is required, antimicro¬ 
bials should be administered orally or parenterally. An 
instance when instillation of a pharmacologic agent into the 
urinary bladder may be beneficial is the use of a cystostomy 
catheter, A cystostomy catheter is inserted directly into the 
urinary bladder and exits the ventral abdominal wall. 

Instillation of Tris-EDTA through the cystostomy catheter 
into the urinary bladder after the bladder has been emptied of 
urine may decrease the incidence of bacterial UTL 74 


Recurrent UTI 

Relapse A relapse is defined as recurrence of a UT1 caused 
by the same organism. Relapses usually occur within days to 
weeks of discontinuation of antimicrobial therapy. Possible 
causes of relapse include use of an inappropriate antimicrobial 
agent; administration of an appropriate antimicrobial agent at 
inappropriate dosage, frequency, or duration; and compli¬ 
cating factors. A urine culture should be evaluated prior to 
reinstitution of antimicrobial therapy, and further diagnostic 
evaluation for predisposing causes is indicated. 

Reinfection Reinfection is defined as infection with a differ¬ 
ent organism than that initially present. Reinfections usually 
occur some time after cessation of antimicrobial therapy. 
Although predisposing risk factors may be present, many 
animals that become reinfected do not have identifiable risk 
factors. If reinfection occurs infrequently each episode may be 
treated as an uncomplicated UTL However, if reinfection 
occurs more often than three times a year, the animal should 
be treated as having a complicated UTL Additionally prophy¬ 
lactic antimicrobial therapy may be indicated. 

Superinfection A superinfection occurs when a second 
bacterial organisrii is isolated while an animal is receiving 
antimicrobial therapy. This organism often displays a high 
degree of antibiotic resistance. A UTI that occurs in animals 
receiving antimicrobial therapy that also have an indwelling 
urethral catheter is an example of a superinfection. 67 

Prophylactic antimicrobial treatment JSlo good studies have 
evaluated prophylactic antimicrobial therapy in animals that 
have frequent reinfections. When prophylactic therapy is 
undertaken, urine culture and susceptibility testing should be 
done to ensure that the bacterial UTI has been eradicated. 
A drug should be selected that is excreted in high concen¬ 
tration in the urine and that is unlikely to cause adverse 
effects. Often a fluoroquinolone, cephalosporin, or beta- 
lactam antimicrobial is chosen. The antimicrobial'should be 

given at approximately one third the therapeutic daily dose 
immediately after the pet has voided, and when the drug and 
its metabolites will be retained in the urinary tract for 6 to 
8 hours. This is typically done at night. The drug is adminis¬ 
tered for a minimum of 6 months. Urine samples are 
collected, preferably by cystocentesis [not by catheterization, 
because this may induce a bacterial UTI} every 4 to 8 weeks 
for urinalysis and quantitative urine culture. If no evidence of 
bacterial UTI is found, prophylactic therapy is continued. 
If a bacterial UTI is identified, the active [break-through) 
infection is treated as a complicated bacterial UTI, If a break¬ 
through bacterial UTI does not occur after 6 months of 
prophylactic antimicrobial therapy, the therapy may be 
discontinued and the pet monitored for reinfection, 71 - 7 * 
Ancillary therapy Many forms of ancillary therapy have 
been developed to aid in the treatment of UTI. Ancillary therapy 




an 


Fungal Urinary Tract Infection 

Fungal UTIs are rare in dogs and cats. They often are associ¬ 
ated with glucosuria of diabetes meliitus but may also occur 
in animals that do not have diabetes. In one study of 20 dogs 
and cats with (Zandida spp. UTI, concurrent diseases 
nonantifungal drugs administered within 1 month of isolation 
included antibiotics, corticosteroids, diabetes meliitus, 
nonurogenital neoplasia, and noncandidal urogenital disease. 
All animals had sources of local or systemic immune compro¬ 
mise th at likely predisposed to infection. i z Treatment of ani- 
mak with a fungal UTI involves correction or control of the 
predisposing cause or causes, urinary alkalization, and admin¬ 
istration of antifungal drugs. In animals without clinical signs, 

administration of urinary alkalinizing agents (e.g., potassium 
citrate or sodium bicarbonate) or the use of diets that induce 
alkaluria may result in successful eradication of the fungal 
UTI. 10 Fungal growth is inhibited in an alkaline medium. In 
animals with active disease, however, antifungal drugs that^re 
excreted renally in an active form should be administered. 
Although amphotericin B is renally excreted and achieves 
high concentration in urine, it is not often used because 
parenterally administered and is nephrotoxic. Fluconazoh 
good choice and is orally administered. Itraconazole 
be a good choice, but it has not been evaluated for the 
ment of fungal UTIs in dogs and cats. Antifungal agents must 
be administered for several months in association with induc¬ 
tion of alkaluna. Correction and/or control of the predispos¬ 
ing underlying disease is paramount in the treatment and 
prevention of fungal UTI. i 


or 




is 


a 


may also 


Viral Urinary Tract Infection 
Although viruses are associated with 


urinary tract disease in 
humans, their role in urinary tract disease in dogs and cats L 

unknown, Viral infection of the lower urinary tract may be q 

cause of lower urinary tract disease in cats, is - 16 
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CHAPTER 


Prostatic Diseases 


Michelle A. Kutzler 

Amy Yeager 


DEVELOPMENT AND ANATOMY 


the capsule extend down into the parenchyma to blend with die 
smooth muscle of the urethra* 6 Numerous ducts open into 
the prostatic urethra at the colliculus seminalis, a centra] por¬ 
tion of the dorsal longitudinal urethral crest. 1 The deferent 
ducts enter the craniodorsal surface of the prostate and con¬ 
tinue caudoventrally to open on each side of the colliculus 
seminalis. 1 

The urogenital artery, a branch of the internal pudendal 
artery, supplies blood to the prostate via several pro static 
branches through the dorsolateral surfaces [see Figure 263-3 )* 7 
Several prostatic branches originate from the urogenital artery 
and enter the prostate gland at the dorsolateral surfaces. These 
branches tunnel beneath the capsule and further divide into 
smaller parenchymal arteries. 7 Venous drainage occurs via the 
urethral vein that accompanies the urethra or through small 
venules that follow the capsular arteries. 7 Lymphatic drainage 
is to the middle iliac lymph nodes. 3 The hypogastric and 
pelvic nerves provide sympathetic and parasympathetic inner¬ 
vation to the prostate see Figure 263-1). 3 Parasympathetic 
stimulation during erection increases the rate of prostatic fluid 
production, and sympathetic stimulation during ejaculation 
ejects the fluid into the prostatic urethra. 8 


The embryologic development of the prostate begins from 
multiple outgrowths of the urethral epithelium. 1 During fetal 
development, testosterone secreted from the testes is reduced 
to dihydrotestosterone (DHT) in cells in the urogenital sinus, 
stimulating the formation of the prostatic lobes in the 
retroperitoneal space caudal to the urinary bladder [Figure 
263-1 i A 3 Age, androgenic stimulus, disease, and the degree 
of urinary bladder distention affect the prostate's position. 
The gland is intra-abdominai in fetuses and pups less than 
2 months old because of the urachal attachment that main¬ 
tains the bladder in a cranioventral position. 4 The urachal 
remnant breaks down at about 2 months of age, at which time 
the prostate moves into an intrapelvic position. 3 Beginning 
about 8 months of age, androgenic stimulation arising from 
sexual maturity results in prostatic enlargement; the prostate 
is repositioned c rani ally over the pelvic brim as it increases in 
size, to a total or partial intra-abdominal position* 4 After 
tration, the prostate atrophies and returns to the intrapelvic 
position. The degree of urinary bladder distention also affects 
the prostate's position; specifically, a full bladder displaces 
the prostate intra-abdominally, whereas an empty bladder 
facilitates an intrapelvic position. 5 

The prostate is a bilobed, musculoglandular organ that 
completely encircles the proximal urethra between the mem¬ 
branous portion of the urethra and the neck of the urinary 
bladder* A capsule surrounds the prostate, and a prominent 
median septum divides the gland into two ovoid lobes that are 
dorsally flattened, with the ventral surface covered in a layer 
of fat. 3 Well-developed arrays of smooth muscle fibers from 








PHYSIOLOGY 


In the dog, the prostate is the only accessory sex gland, and its 
secretory function is androgen dependent. Although both 
testosterone and DHT stimulate prostatic glandular activity, 

DHT is far 

androgen receptor with two times the affinity of testosterone 


biologically active in that it binds to the 
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Figure 263-1 Diagram of the normal anatomic 
relationship of the prostate to other structures in 
the caudal abdomen. (Adapted from Miller ME 
et al: Anatomy of the Dog. Philadelphia, 

WB Saunders, 1964.) 
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and has a fivefold slower rate of dissociation. 9 In sexually 
mature dogs, the prostate comprises the compound tubular 
alveolar glands that radiate from the urethral duct openings 
In castrated and sexually immature dogs, the prostate com¬ 
prises a branching ductular system with poor alveolar devel¬ 
opment 30 Elimination of the androgenic stimulus, either 
pharmacologically or by castration, results in glandular and 
parenchymal atrophy of the prostate 31 In addition to andro- 
gens, locally produced growth factors (i.c., endotlielin-1 r basic 
fibroblast growth factor, transforming growth factor-beta, 
interleu kin-6, and interleukin-8) act to modulate prostatic 
alveolar development and function. 

Prostatic fluid makes up the first and third fractions of the 
ejaculate; it increases the volume of the ejaculate and possibly 
aids in sperm transport. 1 Prostatic fluid accounts for greater 
than 97% of the total ejaculate volume, 11 When neither mic¬ 
turition nor ejaculation is occurring, prostatic fluid is consti¬ 
tutive ly secreted and expelled into the prostatic urethra, from 
which it drains into the urinary bladder. Normal prostatic 
fluid is thin and clean The major secretory product of the 
prostate is arginine esterase, which constitutes greater than 
90% of the protein in the seminal plasma. N Prostate-specific 
antigen (PSA), the major seminal plasma protein in humans, 
is not detectable in canine serum or seminal plasma. 15 
However, arginine esterase and PSA are both serine proteases 
and have similar molecular weights and hormonal regulation . Hi 
The canine prostate also secretes prostatic acid phosphatase, 15 


prostatic urethra] veins, which can be visualized with cys¬ 
toscopy. 21 Greatly increased vascularity associated with hyper¬ 
plasia, infection, or neoplasia in the prostatic parenchyma may 
be an additional source of hemorrhage. 2 - Although widely 
described as a clinical sign associated with prostatic disease, 
tenesmus is present only when the prostate is morbidly 
enlarged. In one report, constipation developed after mineral¬ 
ization of a grossly enlarged paraprostatic cyst. 23 Additional 
clinical signs associated with prostatic disease include fever, 
cachexia, abnormal hindlimb gait, and caudal abdominal pain. 


to 


i? 


EXAMINATION OF THE PROSTATE 
AND PROSTATIC FLUID 




Prostate 

A cursory examination of the prostate can be performed by 
concomitant rectal and abdominal palpation Rectal palpation 
permits examination of only the dorsal or dorsocaudal aspect 
of the prostate.- 4 Concomitant abdominal palpation not only 
allows examination of the cranial aspects of the prostate, it 
also facilitates better palpation per rectum because the 
prostate can be pushed into or near the pelvic canal ! During 
palpation, the prostate should be evaluated for size, symme¬ 
try, surface contour, movability, and pain. The normal prostate 
is hilobed, symmetric, smooth, movable, and pain free. 

Transabdominal ultrasonography is the best imaging 
modality for evaluation of the prostate because it is a safe, 
noninvasive method that allows for precise measurements 
well as evaluation of the prostatic parenchyma. Dogs can be 
imaged in dorsal, dorsal oblique, or lateral recumbency. 
Because the haircoat is thin in the suprapubic area, clipping 
usually is not necessary. However, hair may he dipped from 
the ventral abdomen between the cranial aspect of the pre¬ 
puce and pubic hone from the midline to the inguinal fold to 
facilitate imaging. Alcohol and/or coupling gel is applied to 
the skin to improve contact. A 5 to 10 MHz convex or sector 
transducer is recommended because of its 90-degree 
greater field of view and because the transducer head 
follow the body contour of the caudal ahdomen better than 
that of a linear array transducer. To image the prostate, the 
transducer is placed against the ventral abdominal wall cranial 
to the pubis. The prostate should he imaged in both the 
sagittal (longhudina! I and transverse planes to ensure that 
ail areas of the prostate are visualized. The true sagittal plane 

can be confirmed by observation of the hypocchoic urethral 
tract. 


as 


SIGNALMEN? AND CLINICAL SIGNS 


Most prostatic diseases are associated with prostata megaly. 
Prostatic size correlates with body weight and age* 7 (Table 
263-1) as well as breed , ]H Scottish terriers are reported to 
have prostates four times larger than those of dogs of other 
breeds of similar weight and age. 1H Doberman pinschers and 
German shepherds were the breeds most commonly repre¬ 
sented in a review^ of 177 cases of prostatic disease. 19 

Clinical signs associated with prostatic disease 


or 


vary, 

depending on the degree of prostatomegaly and the specific 
disorder, Prostatic enlargement is common in dogs more than 
5 years old. The most common clinical signs associated with 
prostatic disease are urethral discharge, hematuria, and tenes¬ 
mus, How r ever, patients with prostatic disease may he asymp¬ 
tomatic, The urethral discharge may he dear, purulent, or 
hemorrhagic. In a 14-year retrospective study of prostatic dis¬ 
ease, hemorrhagic urethral discharge, which could he 
bated by sexual arousal, was the only clinical sign observed in 
23% of cases. 20 The source of the hemorrhage may be dilated 


can 


Prostate dimensions should be measured on both the sagit¬ 
tal and transverse planes (Figure 263-2}. Prostate length and 


Table 


Formula for Calculation of Maximum Prostatic Measurements from Ultras o n o graph ic Examination of Healthy 
Male Intact Dogs 


DIMENSION 


DEFINITION 


FORMULA 


Length 

Width 

Height 5 (H 5 )* 
Height 1 (H 1 )! 
Vol u me 


Diameter along urethral axis 
Diameter perpendicular to axis of height 1 
Diameter perpendicular to axis of length 
Diameter along line separating two lobes 
(1/2,6 x (Length x Width x [(H 5 * H T )/2])] +18 cm 3 


(0.055 x 8W) + (0,143 x A) + 3,31 
(0.047 x BW) + (0.089 x A) + 3,45 
(0.046 x BW) + (0.069 x A) + 2.68 
(0,044 x BW) + (0.083 x A) + 2.25 
(0.867 x BW) + (1885 x A) + 15.88 


Modified from Rucl Y et al: Vet Radiol Ultrasound 39:2 J 2, 1998; and from Kamolpaiana K et al: Vet Radiol Ultrasound 41:73. 2000. 
’Height as measured from the sagittal view, 

T Height as measured from the transverse new, 

BW, Body weight; A, age. 
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Figure 263-3 Sagittal ultrasonographic image of a normal 

prostate from □ castrated dog. Note the small size of the prostate 
(0.92 cm] and the slightly hypoechoic parenchyma compared 
with adjacent structures. 


A 


in echo texture* Increased echogenicity and coarse echo texture 
is associated with hyperplasia, inflammation, infection, and 
neoplasia. A more echogenic, butterfly-shaped hilar region 
may be imaged in the center of the prostate in the intact male 
dog (see Figure 263-2); this corresponds to collagen and 
epithelial tissue in the wall of the prostatk urethra and peri¬ 
urethral ducts. 2 7 The hilar echo may be masked by increased 
echogenicity earned by hyperplasia, inflammation, infection, 
and neoplasia. However, imaging of the hilar echo may be 
unreliable because of technical artifact. 

Ultrasonography also allows the examiner to determine 
whether cysts are present (or absent) in the prostate. The size, 
number, and location of the cysts should he characterized. 
The relative echogenicity of the luminal contents of the 
cysts should be characterized as hypoechoic or aneehoic 

Parenchymal mineralization may also be observed and is fire- 
quendy associated with neoplasia. However, mineralization 
occasionally may develop with chronic inflammation. 

Although ultrasonography can detect enlargement and 
changes in the internal prostatic architecture, these features 
are not pathognomonic for a specific disease. The ultrasono¬ 
graphic appearance of the prostate does not correlate well 
with culture results, nor does the presence and number of 
cysts factor into the incidence or type of infection encoun¬ 
tered.However, compared with radiography, ultrasono¬ 
graphic imaging is more sensitive for assessing focal or 
regional parenchymal disease. 29 - 30 Ultrasonography has also 
proved to be a useful technique for evaluating the response to 
pharm ac ol ogical ly i n d u ced prostati c involution. 31 

Ultrasonographic evaluation for prostatic disease should 
include evaluation of adjacent structures, including the ure¬ 
thra and urinary bladder, Primary urinary tract disease (e.g., 
infection, calculi, transitional cell carcinoma) may complicate 
or mimic prostatic disease. The sublumbar (medial iliac and 

hypogastric) lymph nodes should be evaluated. Enlargement 

and/or altered echogenicity may represent extension of pro¬ 
static disease into the regional lymph nodes. In addition, the 
smooth contour of the caudal lumbar vertebrae may become 
irregular with metastasis of prostatic neoplasia, which may be 
more accurately diagnosed with a radiograph. In rare cases, 
when pro static disease extends beyond the capsule, adjacent 
fat may become hyper echoic from edema, inflammation, 
fibrosis, or necrosis. Peritoneal fluid may be visible, and if so, 
analysis of the fluid may aid in the diagnosis of treatment. 

The location, size, and contour of the prostate can be evalu¬ 
ated with caudal abdominal radiography A normal prostate does 
not displace the colon and bladder from their normal positions. 


B 


Figure 263-2 Sagittal (A) and transverse (B) ultrasonographic 
images of a normal prostate from an intact dog. The prostatic 
parenchyma is uniformly of medium texture and is moderately 
hyperechoic compared with surrounding structures, and the 
prostatic urethra (U) is hypoechoic. Note the aneehoic bladder 
neck (B) and pubic bone shadow (S) on the sagittal image. 


height should be measured on the sagittal images. Length is 
defined as the maximum prostatic diameter along the urethral 
axis, and height is defined as the maximum prostatic diameter 
perpendicular to the axis of the length. The transverse image 
of the prostate is then obtained by rotating the transducer 
90 degrees. From the transverse image, height is defined as the 
prostatic diameter separating the two lobes, and width is 
defined as the maximum prostatic diameter perpendicular to 
the axis of the height. In a study of 100 healthy, intact male 
dogs, the maximum prostatic dimensions were reported, and 
the maximum predicted values of prostate size were found to 
vary by age and body weight, 25 Formulas for calculating the 
maximum prostatic dimension in a normal, intact dog are pre¬ 
sented in Table 263-1. Normal prostatic height on sagittal 
plane views for a dog castrated before 1 year of age is about 

1 cm (Figure 263-3), 

The ultrasonographic appearance of a prostate from a 
normal, intact dog should be uniformly fine-medium texture 
and moderately hyperechoic, an appearance similar to that of 
the spleen, with a capsule that is echoic and has smooth mar¬ 
gins.The urethra, which runs lengthwise through the middle 
of the two lobes, generally is hypoechoic compared with the 
prostatic parenchyma. In contrast, the ultrasonographic 
appearance of a prostate from a castrated dog is slightly 
hypoechoic compared with surrounding fat and adjacent 
structures, such that the urethra is more difficult to visualize 
(see Figure 263-3). The echogenicity within the prostate 
should be assessed for focal, multifocal, or diffuse changes 
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Figure 263-4 Lateral radiograph of the 

caudal abdomen of a dog with marked 

prostatomegaly, The bladder is indicated by 
the era n iaJ 














the prostate by the 


arrows 

caudal arrows, (From Barsanti JA, Finco DR: 
Canine prostatic diseases. In Ettinger SJ [ed]: 

Textbook of Veterinary Internal Medicine, 

3rd ed. Philadelphia, WB Saunders, 1989 
p 1864,) 
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Radiographically, the prostate has a soft tissue opacity, and 
its identification is influenced by the differential subject 
opacity of surrounding tissues. Radiographic diagnosis of 

prostatoroegaly can be made when the prostate dimensions 
exceed 70% of the pubic-promontory distance on a lateral 
radiograph (Figure 263-4)*> or 50% of the width of the pelvic 
inlet on a ventrodorsal radiograph. 32 However, neither of 
these methods accounts for the effects of 






of sublumhar lymph nodes (medial iliac and hypogastric 

lymph nodes) may be observed, because it would cause ven- 
tral displacement of the colon. In addition, obvious Ivtic bone 
lesions involving the lumbar vertebral bodies and pelvic bones 
may be identified (Figure 263-5), 

Distention 

!! has been described 








re t mg ra d e com ra st 


ur et h rocy s togr a ph y 

as a method for determining 
prostatic integrity. In a normal prostate, minimal positive 

trast is identified in the prostatic parenchyma near the urethra 

(urethroprostatic reflux) (Figure 263-6) However 

lation of larger volumes of contrast material i 
















^ age on p rostate size. 

()hen the exact dimensions of the prostate cannot be deter¬ 
mined because of superposition of osseous structures c. 
because of lack of abdominal serosal detail as a result of lack 
of fat, the presence of ascites, or focal peritonitis associated 
with prostatitis.’ 1 - The ability of radiography to identify 
parenchymal changes associated with disease "is limited to 
identification of mineralization, which may be insignificant 
may be indicative of neoplasia or, less frequently* chronic 
inflammation. With caudal abdominal nidiograipliy,, cnlsrgpinent 
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, accu mu- 

in the prostatic 
parenchyma (intraprostatic reflux] has been reported with all 

types of prostate diseases 1 Irregularity or an undulant pattern 

to the prostatic urethral surface has been associated with 
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Figure 263-5 Early radiographic changes caused by prostatic 
adenocarcinoma. Proliferative changes (arrows) are indicative of 
early metastasis (L5-L7). (From Greiner TP, Johnson 
Diseases of the prostate gland, in Ettinger SJ Jed]: Texthook of 
Veterinary Internal Medicine, 2nd ed. Philadelphia WB Saunders 

1983, p 1474.) 


Figure 263-6 Distention retrograde contrast urethrocytogram 

from a norma) dog. Note the small quantity of urethroprostatic 

reflux (am>U’). (From Root Kustritz MV, Klausner .IS: Prostatic 

diseases, hi Ettinger SJ, Feldman EC (edsj: Textbook of Veterinary 

Internal Medicine, 5th ed. Philadelphia. WB Saunders 2000 
p 1689.) 
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Figure 263-7 Distention retrograde contrast urethrocytogram 

from a dog with adenocarcinoma. Note the prostatomegaly and 
i ntrap rostatie reflux of contrast agent (arrow). (From Root 
Kustritz MV, Klausner JS: Prostatic diseases, In Ettinger SJ, 
Feldman EC [eds]: Textbook of Veterinary Internal Medicine, 5th 
ed. Philadelphia, WB Saunders, 2000, p 1695.) 


Figure 263-8 Transverse computed tomograph of the caudal 
abdomen of a dog with profound prostatomegaly (P) displacing 
the colon fCJ and bladder (B), Positive contrast was introduced 
into the bladder prior to examination. Note the irregular, high 
attenuating mass in the prostate (*). 


benign prostatic hyperplasia, chronic bacterial prostatitis, and 
neoplasia (Figure 263-7). 30 Narrowing of the prostatic 
thral diameter during DRCU has been reported to occur in 
association with benign prostatic hyperplasia, prostatic 
abscessation, and neoplasia, 30 Because the prostatic urethral 
diameter varies among normal dogs with the degree of blad¬ 
der distention, changes in prostatic diameter must be inter¬ 
preted cautiously 35 fn addition, the absence of positive results 
on contrast studies does not rule out the presence of prostatic 
disease. 30 In most cases, ultrasonography is a better method 
than DRCU for imaging prostatic integrity. 

Computed tomography (CT) (Figure 263-8) and magnetic 
resonance imaging (MRF) are excellent modalities for imaging 
both the prostate and adjacent structures, where metastasis 
may be a concern. In humans, MR1 is an accurate means of 
assessing changes in prostatic volume that is highly correlated 
with the weight of the excised prostate, 36 However, the vet¬ 
erinary literature has little information about the value of CT 
or MR1 in the diagnosis of prostatic disease in the dog. Both of 
these imaging modalities are expensive, and both require 
immobilization of the dog with general anesthesia. Bone 
scintigraphy may be helpful for imaging osseous metastatic 
lesions before they can be identified by radiography. 37 

Prostatic Fluid 

With any dog suspected of having prostatic disease, the pro- 
static fluid should be assessed by cytologic evaluation and 
quantitative bacterial culture. Prostatic fluid may be obtained 
either by ejaculation (collection of the third fraction) or by 
prostatic wash; the former method is preferred, especially 
when bacterial infection and concomitant cystitis are sus¬ 
pected. To ejaculate a dog, the prepuce is retracted caudally, 
and digital pressure is applied to the base of the penis, proxi¬ 
mal to the bulbus glandis (Figure 263-9). Intense pelvic 
thrusting occurs with ejaculation. Prostatic fluid 
lected aseptically by ejaculation as long as care is taken (I) to 
change collection containers after the combined first and 
second fractions have been collected and (2) to ensure that 
the tip of the penis does not touch die inside of the sterile 
collection container. The combined first and second fraction 


ure- 


sample should be saved for semen evaluation if indicated. 
Cytologic evaluation of the prostatic fluid aids in the 
determination of whether contamination occurred during 
ejaculation; specifically, the presence of squamous epithelial 
cells with gram-positive cocci in conjunction with an absence 
of neutrophils indicates that contamination occurred during 
collection. 38 

If the dog will not ejaculate, a prostatic wash should be 
performed (see Chapter 84). Using aseptic technique, the 
bladder is c ath eteri zed, and urine is removed. The bladder 










can be cob 


Figure 263-9 Collection of prostatic fluid (third fraction) b\ 

means of ejaculation. 
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then is flushed with 5 mL of sterile saline, and this sample 
saved [PJVhl ), 3S The catheter subsequently is retracted so that 
the tip is distal to the prostate. The prostate then 
per rectum for about 1 minute to 


and surgically scrubbed. Once the needle enters the prostate, 
aspiration should be performed as the needle is redirected sev¬ 
eral Limes within the gland. Negative pressure is then slowly 

released, and the needle is withdrawn. In some cases, fine 
needle aspirate samples are nondiagnostic. If prostatic neopla¬ 
sia is suspected, a prostatic biopsy rather than a fine needle 
aspirate, may be necessary, 19 In one study complications asso¬ 
ciated with fine needle aspiration included hematuria and 

periprostatic hemorrhage. In another report, a sterile 
intraprostatic cyst was aspirated and developed into a pro- 
static abscess, 43 Fine needle aspiration therefore may pose an 
increased risk of complications in febrile animals or those with 

leukocytosis or before examination of prostatic fluid obtained 
by ejaculation or prostatic massaged 

Cytologic examination of prostatic fluid can identify 
inflammation but cannot be used in place of bacterial culture 
to identify infection. 4 - Low numbers of neutrophils (fewer 
than 5 per high-power field) can normally be found in voided 
urine and in an ejaculated Prostatic inflammation and infec¬ 
tion are well correlated with the appearance of macrophages 
in prostatic fluid, 42 However, the severity of inflammatory 
infiltrate is well correlated with the type or number of bacte¬ 
ria present, 28 Quantitative bacterial cultures yielding equal to 
or greater than 2 log^ of one or more bacterial species in pro- 
static fluid samples, compared with the number of colonies of 
the same species in paired urethral or urine samples, is indica¬ 
tive of prostatic infection. 43 Urine bacterial culture results 






is massaged 


e xpress a q u an ti ty of pro- 

static fluid into the urethra, where it can be collected with 
urinary catheter Sterile saline (5 mL) is slowly injected while 
the urethral orifice is occluded. The catheter is advanced into 
the bladder as aspiration is performed, and the sample (PM-2) 
is collected. The prostatic wash sample should be fixed on 
glass slide, stained with hematoxylin-eosin, and evaluated 
for cellularity (Figure 263-10), Comparison of the cytologic 

examination and quantitative bacterial culture results from 
both prostatic wash specimens (PM-1 and PM-2) allows 
the precise location of the problem to be determined. 1 If 
lower urinary tract infection is present, before the prostatic 
wash is performed, the dog should be treated with 


a 


a 






an appro¬ 
priate antibiotic (e.g., ampicillin) that does not penetrate 

the prostate. After the infection has been successfully treated 
the wash may be performed Prostatic 
out risks. In 

there is a risk of creating 




t 


massage is not 


cases of acute prostatitis 


or prostatic abscess, 


septicemia by forcing bacterial 
organisms into the blood stream or of causing peritonitis, 1 

Also, uncertainty exists as to whether prostatic fluid has been 
exp ressed. 

Fine needle aspiration may also be used for collecting pro- 
static fluid samples. 1 for this technique, the skin surface 
through which the needle is to be inserted should be clipped 
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Figure 263-10 Prostatic wash samples from a normal dog (A), a dog with adenocarcinoma (B1 
and a dog with transitional cell carcinoma (C). (xl 00 magnification.) 
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well correlated with prostatic fluid culture results, such that 
cystocentesis is a safer alternative than fine needle aspiration 
of the prostate if prostatic fluid cannot be collected by ejacu¬ 
lation or prostatic wash. 

The prostatic fluid pH in dogs with experimental prostatic 
infection (pH 6.3) did not significantly differ from that in 
dogs without infection (pH 6.25) + 42 It is unclear whether pro- 
static fluid arginine esterase levels would be useful in the diag¬ 
nosis prostatic disease. In one study, serum arginine esterase 
levels were significantly higher in dogs with benign prostatic 
hyperplasia compared with normal dogs, dogs with bacterial 
prostatitis, and dogs with prostatic neoplasia. 44 In another 
study,, although dogs with benign prostatic hyperplasia had 
higher arginine esterase levels than normal dogs, the levels 
were not significantly different from those in dogs with bac¬ 
terial prostatitis or prostatic neoplasia, 151 Serum and seminal 
acid phosphatase levels showed no difference when normal 
dogs were compared with those with prostatic diseases or 
among different prostatic disorders, 15 

Careful selection and preparation of dogs For biopsy are 
essential, Prostatic biopsies are not recommended if bacterial 
prostatitis is suspected unless neoplasia is also suspected or 
the existence of chronic bacterial prostatitis can not he con¬ 
firmed by other tests, 1 Antibiotics should be started 
48 hours before a prostatic biopsy is performed if bacterial 
infection is suspected, A fluid- or air-filled urethral catheter 
can be passed before prostatic biopsy samples are taken to 
avoid damage to the prostatic urethra. 40 The biopsy site 
should be clipped and prepared aseptically. ' Blind ' prostatic 
biopsies are not recommended. Ultrasonographic guidance 
should be used for a prostatic biopsy because it provides con¬ 
tinuous, real-time imaging of biopsy instrument placement; 
this reduces the risk of postbiopsy complications (hematuria, 
dissemination of infection, laceration of major blood vessels, 
urethral fistulation, orchitis, inadvertent puncture of adjacent 
organs). 1 In addition, ultrasonographic guidance increases the 
diagnostic yield of the biopsy sample, because the needle can 
be directed into what appears to he diseased tissue. The ultra¬ 
sound transducer should he covered with a sterile sleeve, and 
sterile acoustic coupling gel should be used (Figure 263-11). 
The biopsy instrument can be introduced with a clip-on ultra¬ 
sound guide or by freehand. The clip-on guide ensures that 
the needle remains in the plane of the sound beam. However, 
the guide limits the maneuverability of the biopsy instrument 


and may itself be awkward. The biopsy instrument should be 
directed tangentially to avoid the central prostatic urethra. 45 
We prefer to use th e spri ng-1 oad ed Thi-Cut b i opsy instru m en x 
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BENIGN PROSTATIC HYPERPLASIA 


few 


Benign prostatic hyperplasia (BPH) is the most common 
prostate abnormality in intact male dogs and is estimated to 
occur in 100% of old, intact dogs. 5 Androgens are essential for 
the development and maintenance of BPH. However, with 
age, a modest decrease in the serum testosterone concentra¬ 
tion, combined with no change in the scrum estradiol-17-beta 
concentration, results in a relative decrease in the serum 
androgen to estrogen ratio. 10 This altered hormonal milieu is 
believed to contribute to the pathogenesis of BPH by increas¬ 
ing androgen receptor expression . 

Histologic evidence of BPH develops at an early age. In a 
study of beagles, 16% had evidence of BPH at 2 years of age, 
and 50% had evidence of BPH at 4.1 to 5 years of age 46 
Electron microscopic analyses revealed that the volume den¬ 
sities of rough endoplasmic reticulum and secretory granules 
were significantly lower in the prostatic epithelial cells from 
dogs less than 1.5 years of age compared with older dogs. 
After 4 years of age, intraparenchymal cyst formation may 
accompany BPH as a result ot obstruction of parenchymal 
ducts that causes accumulation of prostatic secretions. In 
intact male dogs with no clinical evidence of urg logic prob¬ 
lems, the prevalence of intraparenchymal cyst formation is 
14%. 25 48 The histologic pattern of BPH with intraparenchymal 
cyst formation shows areas of glandular hyperplasia, foci of 
atrophy, and chronic inflammation (lymphocytes and plasmo- 
cytes) in the stroma, 10 Intraparencymal cyst formation may 

predispose the prostate to bacterial infection. 

The diagnosis of BPH is made indirectly by elimination of 
other types of prostatic disease. A definitive diagnosis of BPH 
requires histopathologic confirmation.However, it is diffi¬ 
cult to justify a prostatic biopsy when the results of less inva¬ 
sive methods strongly support the diagnosis of BPH and the 
absence of more sinister prostatic diseases. 39 A presumptive 
diagnosis of BPH is based on the history, clinical signs, 
prostatic imaging, and prostatic fluid cytology- and culture. 
Clinical signs associated with BPH include hemorrhagic ure¬ 
thral discharge, hematuria, hemospermia, and tenesmus. In 
one study in which hemorrhagic urethral discharge was the 
only sign of prostatic disease, 95% of the dogs had only BPH. 20 
However, it is important to mention many dogs with BPH 
show no clinical signs. In a study on prostatic disease in 177 
dogs, nearly half of the histologically confirmed cases of BPH 
had no clinical signs. ^ BPH may only become a clinical prob¬ 
lem once it results in pressure on the colon or if it encroaches 
on the muscles and nerves in the pelvic canal. 

On palpation, BPH produces a symmetrically enlarged 
prostate with a normal contour, although intrap are nth vm a I 
cyst formation may result in some degree of asymmetry. 40 
The ultrasonographic appearance of a prostate from a dog 
with BPH typically is moderately enlarged w r ith symmetric, 
smooth margins and normal to slightly increased echogenicity.^ 
The central hilar echo may be absent, and small, anechoic cysts 

in the parenchyma may be present 52 (See Figure 243-12.) 

Cytologic evaluation of prostatic fluid from dogs with RP) I 
reveals epithelial dysplasia without significant inflammation 
or any neoplastic changes. 53 If inflammatory cells art' present, 

most of them (greater than 80%) are mononuclear cells (lym¬ 
phocytes and plasmocytes}. 54 Quantitative bacterial culture 
from prostatic fluid should be fewer than 100 bacteria per 

milliliter. 15 

For nonbreeding males, the recommended treatment loi 
BPH is castration. Prostatic size significantly decreases within 


47 
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Figure 263-11 Ultrasonographic guidance during biopsy mini¬ 
mizes the risk of complications and maximizes the diagnostic 
value of the sample. 








infection caused by the same pathogen is a hallmark of CBP r 
because the pathogen persists in the prostate during antimi¬ 
crobial therapy for the bacteriuria, Although the urine can be 
sterilized and the signs controlled during therapy discontinua¬ 
tion of treatment leads to reinfection of the urine and recur¬ 
rence of clinical signs, 68 Constant or intermittent dripping of 
sanguineous or purulent exudate from the penis independent 
of urination, another common finding with CBP, is attributed 
to an increase in the secretory rate of prostatic fluid induced by 
infection. 1 Constipation may occur secondary to CBP, because 
the dog may attempt to avoid pain induced by defecation, 1 

The diagnosis is based on the history, clinical signs, pro¬ 
static imaging, and prostatic fluid cytology and culture. The 
ultrasonographic appearance of a prostate from a dog with 
CBP (i.e,, coarsely hypereclioic throughout the parenchyma) 
may be indistinguishable from that of BPH. 51 Regions of het¬ 
erogenous echotexture and dystrophic mineralization, caused 
by fibrosis and chronic inflammation, may be indistinguish¬ 
able from neoplasia. 52 Cytologic evaluation of prostatic 
fluid reveals degenerative neutrophils. Quantitative bacterial 
culture results show more than 10,000 bacteria of a single 
species per milliliter of seminal plasma, 15 In contrast to 
humans, the prostatic fluid pH, specific gravity, and choles¬ 
terol zinc concentrations are not reliable indicators for CBP 6?I 

Chronic bacterial prostatitis is difficult to treat because 
most antimicrobial agents useful against the pathogens diffuse 
poorly into prostatic fluids (blood-prostate barrier). If left 
untreated, CBP can extend through the capsule into the 
abdomen, resulting in peritonitis. 33 In the absence of a specific 
secretory or active transport mechanism, an antimicrobial s 
ability to cross an epithelial membrane depends on its pKa 
and its lipid solubility (Figure 263-13). The pKa is the pH at 
which a drug exists equally in both ionized and nonionized 
forms. Only nonionized forms can cross epithelial membranes, 
Basic drugs (e.g., trimethoprim-sulfamethoxazole, ery¬ 
thromycin, clindamycin) diffuse easily from blood (pH 7.4) to 
prostatic fluid (pH less than 7.0),' 12 Both chloramphenicol 
and enrofloxacin readily cross epithelial membranes; however, 
ciprofloxacin does not penetrate the prostate well. 71 Drugs 
with low lipid solubility do not cross epithelial membranes 
(e.g*, ampicillin, penicillin, cephalothin). Antibiotics should be 
continued for 4 to 6 weeks, regardless of earlier disappearance 
of clinical signs, Prostatic fluid should be recultured 3 to 7 days 


Figure 263-12 Transverse ultrasonographic image of a prostate 
with benign hyperplasia. Note the enlarged size, absence of hilar 
echo, and presence of many small cysts {too numerous to count) 
with anechoic luminal contents. 


7 to 10 days after castration. 55 Medical treatments are not as 
effective as castration in reducing prostatic size, 2f,fi6 hut they do 
offer an alternative for owners who decline surgery. Finasteride 
(Proscar * Merck), a 5-alpha-reductase inhibitor, prevents con¬ 
version of testosterone to DHT 57 58 and produces a dose-depen¬ 
dent regression in prostate size, 59 At a daily oral dose of 0,1 to 
0.3 mg/kg (5 mg of Proscar* per 10 to 50 kg body weight), 
finasteride reduces prostatic volume and secretory function by 
43% in 16 weeks without adversely affecting semen quality 80 
However, the effects of finasteride are reversible within less 
than 8 weeks of discontinuation of treatment. 8 ’ Finasteride is 
potentially teratogenic to male fetuses if pregnant females 
exposed to the drug during the first third of gestation. 

Several anti androgenic drugs (chloradinone acetate, 58 
osaterone acetate, 62 delmadinone acetate, 53 flutamide, 31 and 
megestrol acetate 50 - 63 ) are effective at reducing prostatic size 
hut can adversely affect gonadal function and are not recom¬ 
mended for use in breeding animals. Estrogens have also been 
used to treat RPH: however, because of the risk of myelosup- 
pression and prostatic abscess formation, they are no longer a 
recommended treatment. The liposterolic extract of saw pal¬ 
metto plant berries or the American dwarf palm tree (Serenoa 
repens) reportedly improves urinary flow' rates in humans with 
BPH, However, treatment with S. repens for 91 days had little 
effect (positive or negative) in dogs, 6:1 In humans, BPH origi¬ 
nates from the transition zone, 
prostate to this species, where its growth can impinge upon 
the urethra. 85 This differs from dogs, in which BPH is a diffuse 
process that develops from the peripheral terminal glands, 
expanding away from the urethra , 1m which may explain the 
differences observed with $ r repens therapy. 
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Chronic bacterial prostatitis (CBP) is the second most 
common prostate disorder in intact male dogs. It often occurs 
in conjunction with BPH, Bacterial infection of the prostate 
may arise by extension of bacteria from the urethra or by a 
hematogenous route. The pathogenic agent is usually common 
to the distal urinary tract (e.g,, Escherichia coli , Pseudomonas 
and Proteus spp., staphylococci, and streptococci). Brucella 
canis may also cause CBP. However, gram-negative enteric 
organisms, particularly £. coli, are the most common cause. 67 

Clinical signs associated with CBP include recurrent urinary 
tract infection, hematuria, purulent or sanguineous urethral 
discharge, tenesmus, and constipation. Recurrent urinary tract 
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Figure 263-13 Factors determining the diffusion and concentra¬ 
tion of antimicrobial drugs across the prostatic acinar epithelium, 
(From Stanley TA: Pathogenesis and Treatment of Urinary Tract 
Infections. Baltimore, Williams & Wilkins, 1980.) 









after discontinuation of the antibiotics. Adjunctive treatment 

for CBP includes elimination of BPH. In one 
CBP was experimentally induced with E. coli t castrated 
dogs cleared the infection within 4.2 weeks, compared with 
9.5 weeks for intact dogs. 72 Because 5-alpha-reductase 
inhibitors also reduce prostate size and secretory function 
medical treatment with finasteride should he included if 
owners decline surgery. 
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PROSTATIC CARCINOMA 


Prostatic carcinoma arising from the glandular or ductal 
epithelial cells occurs in intact and castrated dogs and is the 
most common prostate disorder in castrated dogs. fi Castration 
at any age has not shown a sparing effect on the development 
of prostattc carcinoma 71 ; however, the influence of early age 
castration [less than 8 weeks of age] has not been evaluated. 
Prostatic carcinoma is seen primarily after 6 years of age. 
Benign prostatic neoplasia has not been reported, and metas¬ 
tasis is common, usually developing in the sub lumbar lymph 
nodes, lumbar vertebral bodies (see Figure 263-5), and lungs. 

The diagnosis of prostatic carcinoma is made based on 
the history, clinical signs, and results of prostatic imaging, 
fluid analysis, and histopathology. Clinical signs of prostatic 
carcinoma w f ere reported from 76 dogs and included hema¬ 
turia, stranguria, and incontinence (62%); tenesmus associated 
with prostatomegaiy (30%); musculoskeletal system involve¬ 
ment (36%); and weight loss and anorexia (42%). 74 In intact 
dogs, prostatic carcinoma is not always associated with 
prostatomegaiy. However, in castrated dogs, prostatomegaiy is 
highly associated with prostatic carcinoma (Figure 263-14). 
On palpation, the prostate may be normal in size but may feel 
firm and asymmetric and adhered to the pelvic canal. 
Ultrasonographic ally, a prostate from a dog with prostatic 
neoplasia typically appears large and irregularly shaped with 
hyperechoic and heterogenous foci (Figure 263-15). 5152 

Additional ultrasonographic findings from prostatic neoplasia 
may include areas of mineralization, parenchymal cysts 
(Figure 263-16), involvement of the bladder neck, capsular 
disruption with extension into adjacent fat and the peritoneal 
cavity, irregular contour of caudal lumbar vertebral bodies 
and large, heterogenous sublumbar lymph nodes (Figure 
263^17). The appearance of neoplastic cells on prostatic fluid 
cytologic examination is diagnostically significant, but not 
finding neoplastic cells does not eliminate the possibility of 
neoplasia. 


Figure 263-15 Sagittal ultrasonographic image of a prostate 
with adenocarcinoma. Note the hyperechoic and hypoechoic 
areas and irregular capsule typical of this lesion, (From Root 
Kustritz MV, Klausner JS: Prostatic diseases. In Ettinger SJ, 
Feldman EC [cds]: Textbook of Veterinary Internal Medicine, 5th 
ed> Philadelphia, WB Saunders, ZfKX), p 1696.) 
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Figure 263-16 Sagittal (A) and transverse (B) ultrasonographic 
images of a prostate with adenocarcinoma. Note the 
of the prostate for a castrated male dog, and die Increased 
echogenicity and presence of large, coalescing cysts with hyp 
chore luminal contents. The ultrasonographic appearand 
prostatic cyst or abscess may be similar to that of a prostatic 

cinema 
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Figure 263-14 Necropsy specimen of a prostate (PJ and bladder 
(B) with adenocarcinoma. Note the irregular contour and cyst 
formation (arrow). 


and the diagnosis should be confirmed by prostatk fluid 
analysis and/or prostatic biopsy. 
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SECTION XVII! * Urinary System 


external beam radiation therapy (43 to 54 Gy in 27 to 3.3 Gy 
fractions for 19 to 28 days) are reported to have limited 
success, with the complication of colitis developing in 56% of 
cases* 79 The use of radiation potentiators, such as dsplatin 

(GPLA-Pt), in conjunction with external beam radiation 
therapy reportedly increases survival times. 7H 

Puoxicam, a specific eyclo-oxygenase-1 (COX-1) inhibitor, 

administered at a dosage oi 0.3 mg/kg given orally once a day, 
has been used successfully to reduce the size of several canine 

carcinomas.*^ In one study combining dsplaiin treatment 

(60 mg/m 2 given intravenously every 1 21 days) with piroxicam 

therapy resulted in complete or partial tumor remission in 

71% dogs, compared with no tumor remission with cisplatin 

therapy alone, 83 In vitw experiments suggest that piroxicam 

treatment will be effective in the treatment of prostatic 
ad enoc arcin om a + 84 
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Figure 263-17 Sagittal ultrasonographic image of a mildly 
larged and abnormally hypoechoic medial iliac lymph node (LN) 
from the dog in Figure 263-13 with prostatic adenocarcinoma. 
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Treatment options currently under investigation include 

endothelin receptor antagonists and tyrosine kinase inhibitors. 
Atrasentan, 


selective endothelin A 


a 


M ■ ■ .— receptor antagonist, 

significantly delayed the progression of metastatic, androgen- 

refractory prostatic neoplasia in humans at a dosage of 10 mg 

given orally once a day. 85 Tyrosine kinase inhibitors (CEP-751, 

CEP-701) inhibit the growth of prostatic neoplasia in rats 

regardless of androgen sensitivity and metastatic ability. 86 

Another potential treatment option for prostatic carcinoma is 

photodynamic therapy (PDT), Researchers have investigated 
the biologic responses of the prostate and adjacent vital 
tti res to two photosensitizers, meso-tetra-(m-hydroxyphenyl) 
chlorin and aluminum disulfonated phthalocyanine, but the 
completeness of treatment and long-term therapeutic effec¬ 
tiveness in prostate cancer have yet to be determined. 87 


Adenocarcinoma 


is the most frequent histologic type of 
prostatic neoplasia, although more than half show intra- 
tumoral heterogeneity, 74 Histologic features of prostatic 
carcinoma include variation in glandular acinar size, shape, 
and spacing, with acinar cells containing enlarged nuclei and 

prominent nucleoli (see Figure 263-IS). 74 Prostatic intra¬ 
epithelial neoplasia (PIN) 


struc- 


a common precursor prostatic 
neoplasia in humans, has been reported in the prostates of 

older dogs with and without neoplasia. 75 In dogs with 
prostatic neoplasia, the occurrence of PIN (7% to 66% of 
dogs with prostatic neoplasia) is too variable to be clinically 
useful/ 4 - 76 Tumor markers frequently used in human 
medicine, such as PSA and prostatic acid phosphatase, are not 
useful in the diagnosis of prostatic neoplasia in the dog. 

The prognosis for dogs with prostatic neoplasia is poor 
Treatment is primarily palliative and includes complete 
partial resection of the prostate. There is no evidence that 
canine prostatic neoplasia is androgen dependent. Castration 
is recommended, however, because BPH can occur concur¬ 
rently and may contribute to clinical signs associated with 
prosta to me ga ly. 

Intraoperative ortho voltage radiotherapy (radiation ther¬ 
apy to surgically exposed prostate tumors) is currently the 

best adjunctive treatment for dogs without evidence of_ 

tases, because it has the longest survival times (longer than 
9 months}, 7 * Daily treatments (Monday through Friday) with 
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ACUTE BACTERIAL PROSTATITIS 
AND PROSTATIC ABSCESS 


11 


mm 


Acute bacterial prostatitis and prostatic abscesses 
mon in dogs. The occurrence of prostatic abscesses has been 
associated with BPH* H and administration of estrogen. 
Clinical signs associated with acute bacterial prostatitis and 
prostatic abscesses include anorexia, fever, depression, vomiting, 
gait abnormalities, and caudal abdominal pain. Neutrophilia 
with a left shift is also seen. The ultrasonographic appearance 
of acute bacterial prostatitis is that of a normal-sized t 

with a hypoechoic parenchyma containing small cysts, wh_ 

the ultrasonographic appearance of a prostatic abscess is that 
of prostatomegaly and one or more large ancchoic cysts. 57 

Although the clinical signs may he similar, therapeutic dif¬ 
ferences between these two diseases make the treatment of 
acute bacterial prostatitis and prostatic abscess distinctly dif¬ 
ferent. Acute bacterial prostatitis can he treated with 
appropriate antimicrobial, as determined by culture and 
skivity, because the prostatic-blood barrier has been breached 
by infection. 81J Prostatic abscesses, on the other hand, do not 
resolve with antimicrobial treatment alone. Traditionally pro¬ 
static abscesses have been treated by drainage through a cap- 
sulectomy incision via celiotomy. Marsupialization through 
the abdominal wall has been described but is associated with 
many complications, including prolonged recovery time, 
recurrent abscessation, dysuria, urinary incontinence, and 
septic peritonitis. Alternatives to marsupialization, reportedly 
associated with a lower risk of complications, include a mod¬ 
ified Penrose drain techniq 
omentum through the eapsulectomy), 
should be consulted for a 
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9131 Surgery texts 
more complete description of the 
techniques. Nonsurgical methods for treating prostatk 
abscesses have also been reported, with results showing varying 
efficacy. Antimicrobial therapy in conjunction with castration 
has been ineffective at resolving prostatic abscesses. 91 
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Figure 263-18 Hi stop at ho logy from the prostate 


in Figure 

263-14, Note that, compared with the norma) prostatic epithelial 

cells (JVj, die neoplastic epithelial cells are irregularly arranged 

and are not bordered by a basement membrane. Inflammatory 
infiltrate (I) is also evident. 
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Figure 263-19 Large p a rap rostatit 

cyst (A) demonstrated with use of 
contrast material to outline the bladder 

(B). (From Greiner TP, Johnson RG: 
Diseases of the prostate gland. In 
E ttin ger SJ [ ed ]: Textbook of 
Veterinary Internal Medicine, 2nd ed. 
Philadelphia, WB Saunders, 1983, 
p 1477.) 
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abscess develops 93 Paraprostatic cysts vary in size, shape, and 
location. Most cysts are located cranial or dorsal to the prostate 
and urinary bladder. 93 The ultrasonographic appearance of a 
paraprostatic cyst is that of a well-circumscribed, ovoid struc¬ 
ture with an echoic or hypoechoic contents 93 However, a 
pyometra of the uterine maseulinus can occur secondary to 
infection without hormonal influence and appears as multi¬ 
ple* convoluted, tubular cavitations. 52 Radiographically, a 
paraprostatic cyst appears as a 'second” bladdcrlike structure 
(Figure 263-19)* Occasionally, paraprostatic cysts have calci¬ 
fied walls. Fine needle aspiration ol a paraprostatic cyst yields 
fluid varying from clear and yellow to turbid and brown. ] The 
recommended treatment for paraprostatic cysts that cause 
symptoms of prostatic disease is surgical removal. 94 


However, percutaneous, ultrasonographically guided drainage 
followed by alcoholization of the cavity 
resolving a prostatic abscess in one dog. 
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PARAPROSTATIC CYST 
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'lire etiology of paraprostatic cysts is unknown. These large 
cysts, located outside the prostatic parenchyma, have a stalk 
that connects to the prostate. They may result from dilated 
paramesonephric duct remnants or from retention cysts. 2 h 
Paraprostatic cysts are uncommon and are often not clinically 
discernible until their size is sufficient to impinge on the 
colon or urethra, or unless secondary infection occurs and 












Familial Renal Disease in Dogs and Cats 


Stephen R DiBartola 


adverse environmental factors during development* In many 
familial renal diseases of dogs, the kidneys are thought to he 
normal at birth but undergo structural and functional deteri¬ 
oration early in life. Some familial renal diseases of dogs prob¬ 
ably are examples of renal dysplasia. The term rmnl dyspkisia 
refers to disorganized development of renal parenchyma 
result of abnormal differentiation; the condition is character¬ 
ized by the presence of structures in the kidney inappropriate 
for the stage of development of the animal. Lesions suggestive 


ost familial renal diseases result in chronic renal fail¬ 
ure at a young age l( less than 5 years), but some aTe 
characterized by renal tubular defects (e.g*, Fanconi 
syndrome in the basenfi) or morphologic abnormalities that 
result in hematuria (e.g,, renal telangiectasia in Pembroke 
Welsh corgis)* A familial disease is one that occurs in related 
animals with a higher frequency than would be expected by 
chance. Congenital diseases are present at birth and may be 
genetically determined or may result from exposure to 
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of renal dysplasia include asynchronous differentiation of 
nephrons (indicated by persistence of immature or "fetal” 
glomeruli) and persistent mesenchyme (usually in the 
medullary interstitium ], 1 Persistent metanephric ducts, atypi¬ 
cal tubular epithelium, and dysontogenic metaplasia are 
observed less frequently 

Many familial renal diseases are variable in severity and 
rate of progression among individual animals. Most of these 
diseases are progressive and ultimately fatal, and therapy usu¬ 
ally is limited to conservative medical management of chronic 
renal failure. The mode of inheritance and specific pathogen¬ 
esis for many of these diseases are unknown. The primary 
nature of the renal disease and its mode of inheritance, when 
known or suspected, are listed in Table 264-1. 


The serum calcium concentration in dogs may be normal, 
decreased, or increased. Hypercalcemia may be more 
common in young versus older dogs with renal failure. 
Compensated metabolic acidosis also may be observed. The 
presence of hypercholesterolemia and proteinuria should lead 
to suspicion of primary glomerular disease. Beagles with 
glomerular amyloidosis and Bernese mountain dogs with 
membranoproliferative glomerulonephritis develop nephrotic 
syndrome and proteinuria; however, proteinuria is variable 
and depends on the extent of glomerular involvement in Shar 
Peis and Abyssinian cats with familial amyloidosis. Glucosuria 
is found in Norwegian elkhounds and basenjis with primary 
renal tubular disorders. 

Juvenile renal disease in the basenji is an animal model of 
Fanconi syndrome and is characterized by glucosuria, protein¬ 
uria, isosthenuria, and amino adduria. Affected basenjis may also 
have decreased fractional resorption of phosphate, sodium, 
potassium, and urate. They may develop hypokalemia and 
metabolic acidosis with a normal anion gap (hyperchloremic 
metabolic addosis). In Welsh corgis with renal telangiectasia, the 
major laboratory finding is hematuria, but urinary tract infection 
may also be present Blood loss anemia is more common than 
n onregenerative anemia because of the large amounts of blood 
that may be lost in the urine. Affected Welsh corgis may develop 
nephrocalrinosis and calculi, and hydronephrosis may occur if a 
blood dot or calculus obstructs the ureter. 




SIGNALMENT 


Familial renal disease has been reported in many dog breeds 
(see Table 264-1) and may occur sporadically in mixed-breed 
animals. The clinician should consider the possibility of famil¬ 
ial renal disease whenever chronic renal failure occurs in 
immature or young adult animals. In cats, familial amyloidosis 
has been characterized in Abyssinian, Siamese, and Oriental 
shorthair cats, and polycystic kidney disease (PKD) is 
common in the Persian breed. 

In most of these diseases there is no dear sex predilection. 
In Samoyeds, however, hereditary glomerulopathy arises from 
an X-linked dominant trait. The age of onset of familial renal 
disease usually is 6 months to 5 years, with many animals 
developing signs before 2 years of age. Renal amyloidosis in 
beagles and English foxhounds, suspected glomerular base¬ 
ment membrane disease in beagles, 2 and telangiectasia of the 

Welsh corgi occur in older dogs (£ 5 years), whereas PKD in 
cairn and West Highland white terriers is detected at a young 
age (5 to 6 weeks). 




PATHOLOGIC FINDINGS 


Familial renal disease is characterized by the presence of pri¬ 
mary dysplastic lesions, compensatory lesions, and degenera¬ 
tive lesions. 1 In many cases the secondary degenerative lesions 
overshadow the underlying primary dysplastic lesions, making 
correct diagnosis difficult. Primary dysplastic lesions that have 
been observed in some familial renal disease of dogs include 
immature or “fetal" glomeruli, hyperplasia or adenomatoid 
proliferation of the medullary collecting ducts, and persistent 
mesenchyme in the renal medulla. Such changes are most 
prominent in the Lhasa apso, Shih Tzu, soft-coated wheaten 
terrier, standard poodle, chow chow, and miniature schnauzer. 
Juvenile renal diseases in the Samoyed, English cocker spaniel, 
and bull terrier result from abnormalities of type IV collagen 

in glomerular basement membranes and represent animal 
models of X-linked dominant, autosomal recessive, and auto¬ 
somal dominant hereditary nephritis in humans, respectively. 

Secondary degenerative lesions commonly observed in 
familial renal disease include interstitial fibrosis, interstitial 
infiltration by mononuclear inflammatory cells, dystrophic 
mineralization, and cystic glomerular atrophy. 

The pathologic features of several individual familial renal 
diseases are presented below. 

Abyssinian Cat 

Abyssinian cats with familial amyloidosis usually develop clin¬ 
ical signs between 1 and 5 years of age. Male and female cats 
are affected. Amyloid deposits first appear in the kidneys 
between 9 and 24 months of age, and in many cats amyloid 
deposition leads to chronic renal failure within the first 

3 years of life. Amyloid deposition in the kidney may be mild, 

and some affected cats may live to an advanced age without 
detection of the amyloid deposits. Proteinuria is a variable 
clinical finding and reflects the severity of glomerular involve¬ 
ment. Difficulty determining the mode of inheritance arises 
from the variability in severity and progression of amyloidosis 
among affected Abyssinian cats, but the disease appears to be 
inherited as an autosomal dominant trait with variable pene¬ 
trance. Amyloid deposits in the kidneys of affected Abyssinian 
cats contain amyloid protein AA. 4 


HISTORY AND PHYSICAL FINDINGS 


The most common historical findings in dogs and cats with 
chronic renal failure due to familial renal disease are anorexia, 
lethargy, stunted growth or weight loss, polyuria and polydipsia, 
and vomiting. Other less common client complaints are poor 
haircoat, diarrhea, foul breath, and nocturia. In the Pembroke 
Welsh corgi with renal telangiectasia, the most common client 
complaints are hematuria, dysuria, and apparent abdominal 
pain. Hematuria also has been reported in German shepherds 
with multifocal renal cystadenocarcinomas. 3 

Dogs and cats with chronic renal failure due to familial 
renal disease may be thin and dehydrated. On oral examina¬ 
tion, pallor of the mucous membranes, foul odor, and uremic 
ulceration may be noted. The kidneys usually are small and 
irregular, with the exception of cairn and West Highland white 
terriers and Persian cats with PKD, in which the kidneys often 
are markedly enlarged. Signs of fibrous osteodystrophy, such as 
'rubber jaw" or pathologic fractures, usually are detected in 
young growing dogs with renal failure. Signs of renal osteodys¬ 
trophy rarely are apparent in older dogs with renal failure. The 
blood pressure should be measured and a fundic examination 
performed to evaluate for complications of hypertension (eg., 
retinal hemorrhage, retinal detachment). 


LABORATORY FINDINGS 


The most common laboratory findings in dogs with familial 
renal disease resulting in chronic renal failure are azotemia, 
hyperphosphatemia, isosthenuria, and non regenerative anemia. 














* Familial Renal Disease in Dogs and Cats | 


1821 


CHAPTER 264 


Familial Renal Diseases of Dogs and Cats 


PROGRESSIVE RENAL 
FAILURE' 


AGE AT 

PRESENTATION 


INHERITANCE 


DISEASE 


BREED 


Yes 


Unknown 

Unknown 

Unknown 

Autosomal dominant 

(incomplete penetrance)* 

Unknown 


Stollyr 
5 to 8 yr 
1 to 6 yr 
1 to 5 yr 


Amyloidosis 

Amyloidosis 

Amyloidosis 

Amyloidosis 


Beagle 

English foxhound 

Shar Pet 
Abyssinian cat 


Yes 


Yes 


Yes 


Variable; also, severe 

liver involvement 
Variable; also, severe 
liver involvement 
Variable 


<5 yr 


Amyloidosis 


Oriental shorthair cat 


Unknown 


<Syr 


Amyloidosis 


Siamese cat 


Unknown 


1 to 5 yr 


Tubular dysfunction 
(Faneoni syndrome) 
Tubular dysfunction 

(renal glucosuria) 
Unilateral renal agenesis 
Basement membrane 
disorder 

■§ 

Basement membrane 
disorder 

Basement membrane 
disorder 

Basement membrane 

disorder 

Basement membrane 
disorder 

Mernbranoprol'tferative 

g I o mer u I one ph ritis 
Membra nopro Iterative 
g lorn e rulon e p hriti s 
(C3 deficiency) 

Glomerular disease 
Periglomerular 
fibrosis (primary 
lesion unknown) 
Glomerular disease 
(membra noproliferative 
g I o meru I one ph ritis) 
Glomerular disease 
(basement membrane 
disorder?) 

Polycystic kidneys 
Polycystic kidneys 


Basenp 


No 


Unknown 


Not reported 


Norwegian elkhound 


No 


Unknown 

Autosomal dominant 


Incidental finding 

<1 to 10 yr 


Beagle 
Bull terrier 


Yes 


Yes 


U n know n 


<1 to 6 yr 


Doberman pinscher 


Yes 


Autosomal recessive 


<2 yr 


English cocker 
spaniel 
Samoyed 


Males 


X-linked dominant 
(ma le s) 

X-linked dominant 


<1 yr 




Males and females 


<1 yr (males) 

1 to 3 yr (females) 

2 to 5 yr 


NAV dog si 






Yes 


Autosomal recessive* 


Bernese mountain dog 






Variable 


Autosomal recessive 


4 to 9 yr 




Brittany spaniel 


Yes 


Unknown 

Unknown 


<1 yr 
<1 to 5 yr 


Rottweiler 

Norwegian elkhound 


Yes 


Yes 


Unknown 


2 to 11 yr 


5 oft-coated 

wheaten terrier 


Yes 


Unknown 


2 to 8 yr 


Beagle 


Not reported 
Not repo rted 


Autosomal recessive* 
Autosomal recessive* 


6 wk 


Cairn terrier 
West Highland 
white terrier 
Bull terrier 


5 wk 


Yes; also, valvular 
heart disease 


Autosomal dominant 


<1 to 2 yr 


Polycystic kidneys 


Yes 


Autosomal dominant 


3 to 10 yr 


Polycystic kidneys 


Persian cat 


‘Suspected. 

^Dogs from Navasota, Texas, 


affected cats but occasionally can be severe. Medullary amy¬ 
loid deposition was found in all affected Abyssinians, whereas 

found in 75%, 5 Medullary intersti- 


The principal pathologic lesions in the kidneys of 
Abyssinian cats with familial amyloidosis are medullary amy¬ 
loid deposits, papillary necrosis, chronic tubulointerstitial 
nephritis characterized by lymphoplasmacytic infiltration and 
fibrosis, and variable glomerular amyloid deposits. Glomerular 
amyloidosis is mild and often difficult to detect in many 


glomerular deposits were 
tial amyloid deposits interfere with blood flow to the renal 

papilla, resulting in papillary necrosis and secondary intersti¬ 
tial medullary fibrosis and mononuclear inflammation . h 
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Amyloid deposition is not restricted to the kidneys in 
Abyssinian cats with amyloidosis; deposits frequently are 
found in other organs (e.g., adrenal glands, thyroid glands, 
spleen, stomach, small intestine, heart, liver, pancreas, and 
colon)* 5 However, amyloid deposits in these other organs do 
not appear to make an important contribution to the clinical 
syndrome, which is that of chronic renal failure. In Siamese 
and Oriental shorthair cats, however, severe deposition of amy¬ 
loid in the liver can result in hepatic rupture and hemo ab¬ 
domen. The amino acid sequence of the amyloid AA protein 
in affected Siamese cats differs slightly from that found in 
affected Abyssinian cats, and this difference may explain the 
predilection for hepatic deposition in affected Siamese cats. 7 8 

A hiskan Malamute 

Chronic renal failure in three sibling malamute pups (4 to 
11 months of age) was associated with histologic evidence of 
renal dysplasia. 8 The lesions observed included immature 
("fetal") glomeruli, cystic glomerular atrophy, glomerular 
sclerosis, periglomerular fibrosis, adenomatoid hyperplasia of 
tubules, and persistent mesenchymal tissue. 

B asenji 

Histologic findings in the kidneys of basenjis with Fan coni 
syndrome are not consistent. Nonspecific findings include 
tubular atrophy and interstitial fibrosis. One morphologic 
marker for this disease may be enlarged, hyperchromatic 
nuclei in renal tubular cells (renal tubular cell karyomegaly). 
Affected animals may deteriorate rapidly and die of acute 
renal failure with papillary necrosis or pyelonephritis. 

Beagle 

A family of adult beagles developed glomerular amyloidosis 
and nephrotic syndrome characterized by proteinuria, hyper¬ 
cholesterolemia, and renal failure, 10 Some dogs had mild 
medullary deposition of amyloid. The amyloid deposits were 
sensitive to permanganate oxidation, suggesting the presence 
of amyloid protein AA. In another study, a family of beagles 
with proteinuria, late-onset renal failure, and multilaminar 
splitting of the glomerular basement membranes was 

described, 2 


protein to creatinine (UPC) ratios greater than 0.3 are con¬ 
sidered supportive evidence of the disease in suspect bull ter¬ 
riers over 2 years of age that do not have overt evidence of 
renal failure. 15 - 1 ® 

Light and electron microscopy of affected bull terriers 
shows thickening and splitting of glomerular basement 
membranes and involvement of tubular basement mem¬ 
branes, l4 ' 16 ' 1819 Familial PKD that 
nodular thickening of the mitral and aortic valves and mitral 
dysplasia also has been reported in bull terriers. 20 Affected 
dogs did not have hepatic cysts. 

Cairn and West Highland White Terriers 
Autosomal recessive polycystic disease in the cairn terrier is 
characterized by the presence of multiple cysts throughout 
the liver and kidneys. Autosomal recessive PKD also has been 
reported in young (5-week-old] West Highland white terriers* 21 

Chow Chow 

Chronic renal failure in six young, related chows chows (five 
male and one female) was suggestive of renal dysplasia. 22 
Renal failure developed in four dogs by 6 months of age and 
in two dogs after I year of age* Renal dysplasia was suspected 
based on the presence of immature (“fetal”) glomeruli and 
pseudostratified columnar epithelium in the renal tubules of 
some dogs. 

Doberman Pinscher 

Diffuse thickening or multifocal irregular thickening with 
lamellation of the lamina densa has been observed in the 
glomerular basement membranes of Doberman pinschers 
with glomerulopathy. 2e Occasionally, deposits of immuno¬ 
globulins have been detected in the glomerular capillary wall, 
but these are thought to result from nonspecific trapping of 
immune complexes in basement membranes with some 
underlying structural defect. Unilateral renal aplasia has been 
observed in some affected female Doberman pinschers. 
Additional glomerular lesions include lobular accentuation of 
glomerular capillary loops, increased mesangial matrix, hyper- 
cellularity, in tragic merul ar adhesions, fibroepithelial crescent 
formation, and periglomerular fibrosis. 

English Cocker Spaniel 
Juvenile renal disease in the English cocker spaniel is an 
animal model of autosomal recessive hereditary nephritis in 
humans. 23 25 Mutations have been identified in genes for the 

alpha-3 (COL4A3) and alpha-4 (COL4A4) chains of type IV 

collagen on chromosome 2 in affected human patients, and 
these loci are candidate genes for the disease in the English 
cocker sp aniel. «j| 

The disease affects both male and female English cocker 
spaniels and manifests itself between 6 and 24 months of age. 
The earliest detectable abnormality (5 to 8 months of age) 
is proteinuria followed by reduced growth rate, impaired 

urinary concentrating ability, and azotemia (7 to 17 months of 

age). 24 The primary lesion is thickening and multilaminar 
splitting of the glomerular basement membrane. This lesion is 
identical to that observed in Samoyeds with X-linked heredi¬ 
tary nephritis and is similar to lesions observed in bull terriers 
with hereditary nephritis. The disease ultimately leads to 
diffuse glomerular sclerosis and periglomerular fibrosis with 
secondary tubulointerstitial disease; it is invariably fatal. 

English Foxhound 

Renal amyloidosis was reported in related adult English fox¬ 
hounds. 27 The disease was associated with acute illness, 
renomegaly, and papillary necrosis in some affected dogs. 
Amyloid deposits were sensitive to permanganate oxidation, 
suggesting the presence of amyloid protein AA. 


occurs in association with 


26 


Bernese Mountain Dog 

Membranoproliferative g) om erulon ephritis resembling mem- 
branoproliferative glomerulonephritis type I in humans was 
described in young (2- to 5-year-old] male and female Bernese 
mountain dogs. 1112 Affected dogs had typical laboratory 
abnormalities of renal failure, as well as marked proteinuria, 
hypercholesterolemia, and hypoalbuminemia. Pedigree analy¬ 
sis suggested an autosomal recessive mode of inheritance* 
Ultrastructural lesions included a double-layered glomerular 
basement membrane and electron-dense deposits, primarily in 
a su ben doth elial location. Immunoglobulin M and the third 
component of complement were identified by immunofluo¬ 
rescence in glomeruli of affected dogs. Most of the dogs had 
high serologic titers against Borrelia burgdorferi, but the organ¬ 
ism could not be detected immunohistochemically in the 
tissues of affected dogs. Membranoproliferative glomeru¬ 
lonephritis also has been reported in Brittany spaniels with 
deficiency of the third component of complement. 

Bull Terrier 

Familial renal disease leading to chronic renal failure has been 
reported in bull terriers I to 8 years of age* 1415 Both male and 
female dogs are affected, and the disease is inherited as an 
autosomal dominant trait. 16 It may represent an animal model 
of the dominant form of Alport syndrome in human beings. 
Proteinuria, an early manifestation, correlated with underlying 
glomerular lesions in affected bull terriers. 18 Repeated urine 
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mild in cats with 


with PKD, hypertension has been absent 
PKD that have been evaluated. 39 ' 40 Affected Persian cats usu¬ 
ally do not develop renal failure until later in adult life (aver¬ 
age, 7 years), and renomegaly may be an incidental finding on 
physical examination. Occasionally, cysts may be found in the 

liven 41 - 42 


or 


German Shepherd 

German shepherds with bilateral, multifocal renal cyst adeno¬ 
carcinomas are usually 5 to 11 years of age when they develop 
nonspecific signs such as anorexia, weight loss, polydipsia, and 
gastrointestinal disturbances. 3 ' 20 - 29 The renal lesions are 

panied by cutaneous and subcutaneous nodules (der- 
tofibrosis) and multiple uterine leiomyomas in affected 
female dogs. The disorder is thought to be inherited as an 

autosomal dominant trait. 


accom 


nia 


Rottweiler 

Chronic renal failure was reported in four related rottweilers 
(three females and one male) ranging in age from 6 to 
12 months. 43 Hypercholesterolemia and an abnormally 
increased UPC ratio were consistent with a diagnosis of pri¬ 
mary glomerular disease. Histologically, cystic glomerular 
atrophy and irregular thickening of glomerular basement 

membranes were observed. 


Golden Retriever 

Chronic renal failure has been reported in young golden 
retrievers [less than 3 years of age). 30 - 31 Hypercholesterolemia 

finding despite lack of other evidence of pri¬ 
mary glomerular disease in most affected dogs. Hypercalcemia 
also was common and was attributed to an increased serum 
complexed calcium concentration. Cystic glomerular atrophy 
and periglomerular fibrosis were common histologic lesions, 
whereas immature ("fetal") glomeruli were uncommon. 
Adenomatoid proliferation of the collecting ducts suggestive 
of primitive metanephrie ducts, observed in several dogs, 
supports a diagnosis of renal dysplasia. Pyelonephritis 
sionally complicates the disease in affected dogs. 


was a common 


Samoyed 

Male Samoyeds with hereditary nephritis develop protein¬ 
uria, giucosuria, and isosthenuria by 2 to 3 months of age and 
azotemia by 6 to 9 months of age; death from renal failure 
usually occurs by 12 to 16 months of age. 44 Mesangial 

thickening, glomerular sclerosis, and periglomerular fibrosis 
observed by light microscopy in affected males by 8 to 
10 months of age. 45 Affected females develop proteinuria 
2 to 3 months of age but remain clinically normal, other than 
failing to achieve normal adult body weight. This difference 
the clinical course is a consequence of the X-linked dominant 
inheritance pattern and results from normal random inactiva¬ 
tion of one X chromosome in each cell of the female embryo 

during development. 

Juvenile renal disease in the Samoyed is a hereditary 
glomerulopathy arising from a single nucleotide substitution in 
the gene (COL4A5) for the alpha-5 chain of type IV collagen 
on the X chromosome, 47 At birth, the glomerular basement 
membranes of affected male Samoyeds are morphologic ally 
normal, but reduplication and bilaminar splitting of the lamina 
densa are detected by electron microscopy at 1 month of 
age and progress to multi laminar splitting, thickening, and 
glomerular sclerosis by 8 to 30 months of age. 4 ® Affected 
females have only focal splitting of glomerular basement 

branes and do not develop progressive disease. 

Proteinuria and progressive renal disease presumably result 
from damaged glomerular basement membranes weakened by 
abnormal cross-linking of type IV collagen. 49 Deterioration of 
basement membranes and the onset of renal failure in affected 
males can be delayed but not prevented by feeding a diet low 
in protein and phosphorus beginning at 1 month of age. 50 
Treatment of affected dogs with angiotensin-con verting 
enzyme (ACE) inhibitors 51 or cyclosporine 52 has slowed pro¬ 
gression of the disease. An X-linked dominant form of hered¬ 
itary nephritis also has been described in dogs from Navasota, 
Texas (NAV dogs). 53 This disorder was characterized by 
earlier onset of renal failure in affected females, and alpha-3, 
alpha-4, and alpha-5 chains of type IV collagen were absent 
from the glomerular basement membranes in affected dogs. 

However, no mutation was found in exon 35 of the COL4A5 

gene in affected dogs; consequently, this disease appears 
result from a different mutation in the COLAS gene. 


occa- 


are 


at 


Lhasa Apso and Shih Tzu 

In the Lhasa apso and Shih Tzu, microscopic findings include 
a reduced number of glomeruli, glomerular atrophy, and 
small, immature (“fetal") glomeruli that are hyper cellular and 
that have inconspicuous capillary lumens. Tubular changes 
include atrophy, dilatation, and epithelial hyperplasia. 
Interstitial fibrosis is particularly severe in the renal medulla, 
but interstitial inflammation is minimal. To a certain extent, 
increased interstitial medullary tissue may be persistent mes- 

chyme and, along with the immature glomeruli, is evidence 
of a primary renal dysplasia. 

Miniature Schnauzer 

Chronic renal failure suggestive of renal dysplasia was 
reported in eight related miniature schnauzers ranging in age 
from 4 months to 3 years. 32 Immature ( fetal ) glomeruli, 
glomerular sclerosis, and severe interstitial fibrosis were 

observed. 

Norwegian Elkhound 

In the Norwegian elkhound, periglomerular fibrosis is an early 
histologic lesion that may be detected in some dogs before the 
onset of azotemia. Pathologic findings in dogs with more 
advanced disease consist of generalized interstitial fibrosis 
with glomerular sclerosis and atrophy. Hyperplasia of the 
collecting ducts also has been observed and may represent a 
primary dysplastic change, but immature ("fetal") glomeruli 
have not been observed, Norwegian elkhounds may also 
develop primary renal giucosuria that is not associated with 

chronic renal failure. 

Persian Cal 

PKD is inherited as an autosomal dominant trait in Persian 
cats. 33 - 34 The prevalence of PKD has been observed to be 35% 
to 57% in Persian cats surveyed by ultrasonography, 35 ' 37 Cysts 
originate from both the proximal and distal tubules, they 
occur in both the renal cortex and the medulla, and they 
increase in number and size over time. 38 They can be detected 
by ultrasonographic examination of affected kittens as early as 
6 to 8 weeks of age, but the absence of cysts at this early age 
does not preclude their development at a later age. In one 
study, ultrasound examination had a sensitivity of 75% and a 
specificity of 100% when performed at 16 weeb of age and a 
sensitivity of 91% and specificity of 100% when performed at 
36 weeks of age. 34 Although common in human patients 
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Shat Pei 

Familial amyloidosis resulting in chronic renal failure at a young 
age (mean, 4 years) occurs in male and female Shar Peis. 54 
Proteinuria and laboratory evidence of nephrotic syndrome 

(e.g., hypoalbuminemia, hypercholesterolemia) may be pre¬ 
sent, depending on the severity of glomerular involvement. 
Some affected Shar Peis had a previous history of episodic 
joint swelling (usually the tibiotarsal joints) and high fever 
that resolves within a few days, regardless of treatment, 55 - 56 
Recurrent fever and joint swelling that culminate in renal 
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failure due to reactive systemic amyloidosis in young Shar Peis 
may represent an animal mode] of familial Mediterranean 
fever in humans* Some evidence indicates that amyloidosis in 
the Shar Pei is inherited as an autosomal recessive trait. 57 

Affected Shar Peis have moderate to severe renal 
medullary deposition of amyloid, but only two thirds have 
glomerular involvement. These findings are similar to those 
seen in Abyssinian cats with familial amyloidosis. The remain¬ 
ing renal lesions are those of end-stage renal disease. Amino 
acid sequence analysis has demonstrated that the amyloid 
deposits in affected Shar Peis contain amyloid A protein. 58 in 
addition to the kidney amyloid deposits may be observed in 
many other organs (e.g., liver, spleen, gastrointestinal tract, 
thyroid gland). Icterus, hepatomegaly, and occasionally hep¬ 
atic rupture with hemoabdomen may occur in Shar Peis with 
severe deposition of amyloid in the liver. 59 

Sofi-Coated Wheaten Terrier 

Pathologic findings in some soft-coated wheaten terriers 
(SCWTs) with juvenile renal disease are suggestive of renal 
dysplasia, 60 - 8 * Histologic lesions include interstitial fibrosis, 
periglomerular fibrosis, cystic glomerular atrophy, decreased 
numbers of glomeruli, and the presence of immature ffetal") 
glomeruli. Adenomatous proliferation of the collecting duct 
epithelium also is a prominent feature. 

SCWTs also are predisposed to protein-losing enteropathy 
(PLE), protein-losing nephropathy (PLN), or both. 62 Food 
hypersensitivity and increased gut permeability presumably 
lead to immune complex glomerulonephritis that progresses 
to end-stage renal disease. The results of gastroscopic food 
sensitivity testing and dietary challenge support the hypo¬ 
thesis of food hypersensitivity,^ but gluten hypersensi¬ 
tivity does not seem to be involved. 84 The disease is thought 
to be present in 10% to 15% of SCWTs and affects middle 
aged to older dogs, with a slight predilection for females. The 
mode of inheritance is uncertain. Clinical findings include 
polyuria, polydipsia, vomiting, and weight loss in dogs with 


PLN; proteinuria, hypoalbummemia, hypercholesterolemia, 
azotemia, hyperphosphatemia, and nonregenerative 

common laboratory findings. Hypertension occasionally 
develops, and thromboembolism complicates the disease in 
12% of SCWTs with PLN. 82 Renal lesions consist of membra- 

membranoproliferative glomerulonephritis that 

progresses to glomerular sclerosis, periglomerular fibrosis, 

and chronic interstitial nephritis. Mesangial deposition of 

immunoglobulin A (IgA), IgM, and complement has been 

detected by immunofluorescence, which suggests that renal 
disease in the SCWT 


1 


anemia 


nous to 


may be an animal model of igA 
nephropathy or IgM mesangial nephropathy. 65 The disease is 
progressive, treatment is palliative, and the prognosis is poor. 
Thus familial renal disease in the SCWT may take the form of 
renal dysplasia or membranoproliferative glomerulonephritis. 




Standard Poodle 

In affected standard poodles, cystic glomerular atrophy and 
large numbers of immature ("fetal 1 *) glomeruli are observed, 
especially in dogs presented at 3 to 4 months of age. The cor¬ 
tical interstitium contains segmental areas of fibrosis, whereas 
more diffuse lesions occur in the medulla. 


Welsh Corgi 

Welsh corgi dogs with renal telangiectasia have red to black 

nodules in the kidneys, especially in the renal medulla adj_ 

to the corticomedullary junction. Clotted blood often is iden¬ 
tified in these lesions and in the renal pelvis. Hydronephrosis 
(presumably caused by ureteral obstruction) occurs in almost 
half of affected dogs* Similar nodular lesions may be identified 
in other tissues, including the subcutis, spleen, duodenum, 
anterior mediastinum, thoradc wall, retroperitoneal space, and 
central nervous system. Histologically these lesions 
emous, blood-filled spaces lined with endothelium, and throm¬ 
bose is a frequent finding in the sinuses. These sinuses, with 
their simple endothelial linings, may represent vascular mal¬ 
formations rather than benign tumors of vascular origin. 
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he renal tubules are responsible for absorption of vari¬ 
ous components of the blood that has been filtered 
through the glomerulus. Among the filtered compo¬ 
nents that are reabsorbed into the blood are glucose, amino 
acids, and electrolytes. The tubules are also responsible for 
secretion of drugs and electrolytes, regulation of acid-base bal¬ 
ance, and maintenance of fluid balance. Tubular defects : 
regionally or globally and are either congenital or acquired. 
The glomerular filtration rate (GFR) is the main determinant 
of renal function, but the tubules are responsible for the final 
composition of the urine. Indicators from biochemical pro¬ 
files, blood gas analysis, and urinalysis can be monitored to 
assess tubular function* 


The renal tubules can be described according to function 
and anatomic location. The proximal convoluted tubule, loop 
of HenJe, distal convoluted tubule, collecting tubule, and col¬ 
lecting duct are each responsible for various functions. The 
proximal tubule receives ultrafiltrate from Bowman's space 
and reabsorbs 60% to£5% of the filtrate. Absorption is accom¬ 
plished by active transport of sodium (Na + ), which in turn 
promotes passive resorption of other solutes. The proximal 
tubule also actively secretes some solutes (e*g. f organic anions, 
cations, and hydrogen ions [H 4 ]). 1 Solutes are not reabsorbed 
uniformly; virtually all filtered glucose and amino acids are 
reabsorbed, whereas lesser amounts of bicarbonate (HCCV), 
Na + , and chloride are reabsorbed. The loop of Henle, with the 
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Z-mercaptopropionylglycine (2-MPG), Cystine is formed 
by a disulfide bond between two cysteine molecules. Thiol 
drugs form a disulfide bond with cysteine to form a more sol¬ 
uble cy sti ne-thi ol drug complex. Although both drugs are 
effective, metal chelation and gastrointestinal side effects of 

D-penicillamine make it a less desirable choice. 7 2-MPG, 
administered at a dosage of 30 to 40 mg/kg of body weight, 
divided and given orally twice daily, is the treatment of choice, 
in combination with dietary modifications for dissolution and 
prevention of cystine calculi. 6 -®' 13 


characteristic hairpin configuration central to the kidney's 
ability to excrete concentrated urine, is divided into four seg¬ 
ments, having different absorption characteristics. The main 
function of the loop of Henle is to reabsorb approximately 
30% of filtered sodium chloride (NaCl) against a concentration 
gradient to create an ultrafiltrate that is hyp osmolar to plasma. 7 
The distal tubule and the collecting tubule and duct are 
responsible for fine control of electrolytes including Na + , potas¬ 
sium, and calcium; final regulation of add-base balance; and 
water resorption to produce a concentrated urine, 3 Clinical 
manifestations of renal tubular disorders include formation of 
cystic calculi, metabolic acidosis, glucosuria, aminoaciduria, 
electrolyte disorders, and failure of urine concentration. 4 ' 5 


CARNKTINURKA 


Carnitine is a sulfur-containing nonessential amino acid that 
functions as an enzyme cofactor necessary to transport 
energy-genera ting fatty acids from the cytosol to the mito¬ 
chondrial matrix. Continued deficiency, which has been 
reported in dogs with dilated cardiomyopathy, may result 
from defective biosynthesis, defective tissue uptake or reten¬ 
tion, or excessive renal excretion. 14 - 15 Camitinuria has been 
reported in dogs with cystinuria. 16 Although high-fat, low- 
protein diets are recommended for the management of eystin- 
uria, high-fat diets increase renal carnitine excretion in 
humans. Healthy dogs that consume tow- and high-fat diets 
excrete similar amounts of carnitine; however, cystinuric dogs 
with altered amino acid resorption might excrete an excessive 
amount of carnitine if they consume a high-fat diet. 15 Chronic 
carnitine excretion in these animals eventually may result in 
carnitine deficiency, leading to cardiomyopathy. 


CYSTINURIA 


Cystinuria is caused by an inherited proximal tubular defect 
in which resorption of particular amino adds fails. Of these 
amino adds, cystine is relatively insoluble in urine, resulting 
in the formation of cystic calculi in acidic urine, 6 " 0 Plasma 
concentrations of cystine are normal in affected animals. The 
exact nature of the defect remains unknown; some breeds 
have cystine loss only, whereas other breeds fail to reabsorb a 
variety of amino acids. 7 

Many dog breeds have been reported with cystinuria, and 
occasional reports have been made for cats. 9 - 10 Commonly 
affected dog breeds include English bulldogs, Australian cattle 
dogs, dachshunds, mastiffs, basset hounds, Newfoundlands, 
Staffordshire bull terriers, and French bulldogs. Mixed-breed 
dogs are also affected. 8 - 1 J - 1Z The mode of inheritance in vari¬ 
ous breeds is sex linked or autosomal recessive, but cystinuric 
dogs do not always develop calculi. 0 The mean age of calculus 
formation is 4.5 years. The degree of cystinuria can vary 
among individuals and may decrease with age. 6 Males are 
over-represented for clinical cystine calculi, but cystinuria 
without calculi formation has been reported in females, 
Newfoundlands appear to have a more severe form of cystin¬ 
uria, with calculi formation occurring in both males and 
females and at a younger age than for other breeds. 

Clinical signs associated with cystine calculi formation 
include stranguria, pollakiuria, and hematuria. Male dogs may 
develop secondary urethral obstruction. Evaluation of urine 
sediment reveals cystine crystailuria in some affected dogs, 
but a complete blood count and serum biochemical analysis 
do not aid diagnosis. Imaging studies may identify calculi, but 
the size, shape, and radiographic density of calculi vary. The 
radiographic density of larger calculi is similar to that of soft 
tissue, which allows them to be visualized on plain film radio¬ 
graphs; small calculi may not be visualized by this technique. 
Ultrasonography and contrast cystourethrography may be 
diagnostic if plain film radiography is unrewarding. 8 

Treatment involves mechanical removal or medical dissolu¬ 
tion of calculi and long-term medical management to prevent 
recurrence. Surgical management is indicated in animals with 
urethral obstruction. Quantitative calculi analysis provides a 
definitive diagnosis. Bacterial urinary tract infection should be 
resolved with appropriate antibiotic therapy. Dissolution and 
prevention strategies include exclusive feeding of protein- 

restricted diets. Cystine is twice as soluble at a pH of 7.8 as at 
6,5, therefore urinary alkalization is desired. 5 Some protein- 
restricted diets [Prescription Diet Canine u/d, Hill's Pet 
Nutrition, Topeka, Kansas) result in the formation of an alka¬ 
line urine, but if dietary therapy does not maintain the urine 
pH at the desired level, oral potassium citrate is recommended. 6 
Induction of diuresis (e.g., by feeding canned, low-protein food 
adding water to dry food) is likely to be beneficial. 6 - 8 
Drug therapies to reduce the formation of cystine 
calculi include the thiol drugs D-penidllamine and 


HYPERURICOSURIA 


Abnormal purine metabolism or excretion accounts for hype- 
ruricosuria in dogs of certain breeds or those with underlying 
hepatic disease. The purine portions of nucleic acids undergo 

metabolism to form hypoxanthine and xanthine, which are 
oxidized to uric acid by xanthine oxidase (XO). Uric acid 
is hepatic ally metabolized by the enzyme uricase. Most 
mammals excrete allantoin almost exclusively, but humans 
and higher apes excrete mostly uric acid. 17 

Two subsets of dogs commonly develop purine urolithiasis: 
Dalmatians and dogs with primary hepatic disease, Dalmatians 
are intermediate between dogs of other breeds and humans 
with regard to purine metabolism, excreting approximately 
half to two thirds as much allantoin as urate. Differences 






a 


one 

exist between Dalmatians and non-Dalmatian dogs in both 
hepatic and renal management of urates. The enzyme uricase, 
which converts uric acid to allantoin, is stored in hepatic per¬ 
oxisomes. 16 Uric acid must be transported into hepatocytes 
before conversion to allantoin can occur. Dalmatians have 
normal amounts of uricase compared with non-Dalmatian 
dogs, but Dalmatians have abnormal uric acid transport across 
the hepatic membrane. 19 Also, both Dalmatians and non- 
Dalmatian dogs secrete and reabsorb urates in the proximal 
tubules, but Dalmatians appear to have less proximal tubular 
resorption. In addition, they have active distal tubular secre¬ 
tion of urates as a result of a membrane transport defect. 17 - 20 21 
Although all Dalmatians have high urine uric acid levels, only 
a small percentage develop calculi. Certain breeds, such as 
English bulldogs, have been reported to have an increased 
frequency of urate calculi without obvious hepatic disease. 
These dogs might have a metabolic defect that predisposes to 
urate calculi formation, but the mechanism is unknown, zo - 22 
Dogs with primary hepatic disease have reduced conversion 
of uric acid to allantoin and of ammonia to urea. These 
metabolic defects cause hyperuricuria and hy perammo n u ri a. 
Portal vascular anomalies and hepatic microvascular dysplasia 


or 


23 
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have been most commonly associated with urate calculi 
formation, although any severe hepatic dysfunction could 
predispose to calculi formation. 24 Cats have been reported 

with urate urolithiasis, 10 

The clinical signs of urate urolithiasis are consistent with 

lower urinary tract disease. Male dogs can develop urethral 
obstruction. Young to middle-aged dogs are more commonly 
afFected than older dogs. 25 For Dalmatians, males are more 
frequently afFected with urinary calculi than females. Dogs 
with primary hepatic disease have no gender predisposition 
for calculi formation. Definitive diagnosis of cystic calculi 
depends on calculi retrieval and quantitative analysis. Urate 
calculi are radiolucent on plain film radiography. Abdominal 
ultrasonography or double-contrast cystography is helpful for 
identifying calculi. Hepatic function studies 


RENAL CLUCOSURIA 


Under normal conditions, glucose is freely filtered at the 
glomerulus and reabsorbed in the proximal tubules by facili¬ 
tated diffusion in a cotransport mechanism with Na + J The 

maximum capacity, which is 
exceeded at a blood glucose concentration of 180 to 220 mg/dL 

in dogs and 260 to 310 mg/dL in cats, 4 When hyperglycemia 

(e g r stress hyperglycemia, diabetes mellitus) exceeds the 

transport maximum, glucosuria occurs. Proximal tubular 

defects caused by tubular damage or inherited disorders can 

result in glucosuria in the absence of hyperglycemia. 32 33 

Primary renal glucosuria is rare but has been reported in 
Scottish terriers, basenjis, Norwegian elkhounds, and mixed- 
breed dogs. 4 - 34 Persistent glucosuria typically causes polyuria 
and polydipsia from osmotic diuresis, although some dogs are 
asymptomatic Evaluation of serial blood glucose 
ments or the serum fructosamine concentration should be 
considered to diagnose renal glucosuria definitively by ruling 
out hyperglycemia as a cause for glucosuria. 35 Because bacte¬ 
rial or fungal urinary tract infections occur frequently with 
persistent glucosuria, regular monitoring and appropriate 
antibiotic therapy are important. There is no cure for primary 
renal glucosuria, but the long-term prognosis is good with 
appropriate fluid intake and control of urinary infections. 

In some dogs, renal glucosuria is the initial sign of Fanconi 
syndrome. 


transport mechanism has 




are appropriate 

non-Dalmatian dogs and for cats. Urate calculi are typi¬ 
cally small and smooth and vary in color from yellow to green 
to black. 20 


for 


measurc- 


Treatmenf consists of calculi removal or dissolution, fol¬ 
lowed by long-term medical management to prevent recur- 

Dissolution therapy includes a calculolytic diet, 
medication with XO inhibitors, alkalization of the urine, elim¬ 
ination of secondary infections, and induction of isos¬ 
thenuria,- 0 A purine-restricted diet that is low in daculogenic 
minerals (e.g., Prescription Diet Canine u/d; Hill's Pet 
Nutrition, Topeka, Kansas) is recommended 20 , 21 , 26,27 The 
synthetic XO inhibitor allopurinol is used to treat and prevent 
urate urolithiasis because it can reduce the serum and urine 
uric acid concentrations. 2 ^ Allopurinol should be administered 

only to dogs consuming a purine-restricted diet to avoid the 
formation of xanthine calculi. 

Urine alkalization reduces renal tubular production of 
ammonia, thereby diminishing the production of urinary 
ammonium ions that complex with urate to form calculi. 
Alkalizing agents (e.g., oral sodium bicarbonate [NaHCG 3 ] 
and potassium citrate) should be administered at a dosage that 
maintains the urine pH near 7.0 to 7.5. 20 - 27 Dilute urine pro¬ 
duction is accomplished by feeding protein-restricted diets 
that reduce renal medullary concentrating ability. 

Mechanical calculi removal should be considered in ani¬ 
mals with urethral obstruction 


rence. 




FANCONI SYNDROME 


In humans, Fanconi syndrome is an inherited proximal tubular 
defect that results in glucosuna, aminoaciduria, proteinuria, 
phosphaturia, and hypophosphatemia, Fanconi syndrome has 
also been reported in dogs, and basenjis are most commonly 
affected. Fanconi syndrome is thought to be inherited in 
10% to 30% of all basenjis, but the mode of inheritance is 
uncertain. Idiopathic and inherited Fanconi syndrome has 
been reported rarely in other dog breeds. 4 - 32 Acquired 
Fanconi syndrome has been reported in association with gen¬ 
tamicin administration, ethylene glycol toxicity, and 

hypoparathyroidism. 433 

Fanconi syndrome causes abnormal fractional excretion of 
many solutes. 36 Abnormal glucose absorption, resulting in 
glucosuria and osmotic diuresis, is the most obvious sign. 
Amino add resorptive abnormalities vary from one individual 
to another but generally include abnormal absorption of cys¬ 
tine, Abnormal absorption of bicarbonate, sodium, potassium, 
and urate also occur. Isosthenuria sometimes 
glucosuria and osmotic diuresis 
diabetes insipidus, 4 - 36 

The onset of clinical signs in affected basenjis typically 
occurs by 4 to 8 years of age, with females outnumbering 
males 3:1. 32 Clinical signs typically include polyuria, poly¬ 
dipsia, weight loss, poor haircoat, weakness, and dehydration. 

Diagnostic testing reveals glucosuria, euglycemia, and isos- 1 

thenuria. As the disease progresses, hyperchloremic metabolic 

acidosis and renal failure occur. Clinically significant 

hypokalemia might contribute to muscle weakness Progression 

is variable; some affected dogs develop renal failure within a 

few months of the onset of clinical signs, whereas others 
remain stable for years? 1 

Treatment is supportive, because there is no cure for the 
tubular defects. Monitoring for metabolic acidosis, urinary 
tract infections, and azotemia should be performed regularly. 
Veterinarians are frequently asked to participate in a manage¬ 
ment protocol developed by basenjt breed enthusiasts. 
This protocol involves oral administration of sodium 
bicarbonate to manage chronic metabolic acidosis, which 


or in those that do not respond 
to dissolution therapy The average time to dissolution of 

urate calculi is approximately 3.5 months (range, 1 to 18 
months), 20 - 27 Dissolution sometimes occurs with definitive 
repair of a portovascuiar anomaly but calculi do not resolve 
without resolution of underlying hepatic defects. 23 Because 
the causes of urate stones differ, allopurinol therapy is not 
recommended for dogs with hepatic defects. 20 - 23 

The prognosis is fair to guarded for calculi recurrence in 

Dalmatians and depends on the owner's commitment to 

ongoing management and expense. In dogs with underlying 

liver disease, the prognosis is good if definitive therapy for the 

liver disease exists but guarded in dogs with irreparable liver 
disease. 


primary 


occurs prior to 
as a result of nephrogenic 


hyperxanthinuria 


Xanthine calculi 


are rare. Xanthine is derived from dietary 
purines and is metabolized to uric acid by activity of XO. 

Reduced enzymatic conversion increases urinary excretion 
of xanthine, which has a solubility similar to that of uric 
acid in urine. 29 Most dogs that form xanthine-containing 
calculi are receiving allopurinol, an XO inhibitor, for urate 
calculi. 22 - 25 - 29 Congenital xanthinuria has been reported in a 
family of Cavalier King Charles spaniels and in a wirehaired 
dachshund. 30 ' 33 Prevention consists of monitoring for xan¬ 
thine crystalluria in dogs receiving allopurinol 
urate calculi. 


to prevent 
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presented to the distal tubule increases and overwhelms the 
distal buffering system, resulting in marked bicarbonaturia. 

The diagnosis of proximal RTA is based on an acid urine 
pH and hyperchloremic metabolic acidosis, with a normal 
GFR but increased urine pH and fractional excretion of 
HCG 3 ~ (greater than 15%) after normalization of the plasma 
HC0 3 ~ concentration with alkali administration. Identification 
of concurrent proximal tubular defects i e,g,, euglycemic glu- 
cosuria, aminoaciduria) also helps localize proximal RTA. 38 
Bicarbonate wasting makes metabolic acidosis from proximal 
RTA difficult to correct, and alkali therapy exacerbates potas¬ 
sium wasting. Potassium citrate is better suited for chronic use 
than sodium bicarbonate, 38 One 540 mg tablet of potassium 
citrate provides 5 mEq of potassium and 1,7 mEq of citrate, 
and its metabolism yields 5 mEq of HC0 3 “ 

Distal RTA causes impairment of urinary acidification as a 
result of impaired H + secretion in the distal tubule. 37 30 
Consequently, the kidneys are unable to maximally acidify 
urine in response to systemic metabolic acidosis. Under 
normal conditions, the distal tubule is able to excrete H + ions 
against a steep concentration gradient because of a hydrogen 
ion-adenosine triphosphatase (H t -ATPase) pump. These tubu¬ 
lar segments have tight junctions that resist baddleak of acid, 
and they are able to generate ammonia to capture H* ions by 
forming ammonium ions, which are subsequently excreted. 

Type IV distal RTA is associated with hypoaldosteronism 
or aldosterone antagonism. Acidosis most likely results from 
loss of aldosterone stimulation of H + -ATPase and decreased 
distal Na* absorption. This syndrome has not been character¬ 
ized in veterinary medicine but should be considered in animals 
with hyperchloremic metabolic acidosis and hypokalemia. 37 ' 36 

Characteristics useful in the diagnosis of distal RTA include 
hyperchloremic metabolic acidosis with an increased urine 
pH (greater than 6.0), In contrast to proximal RTA, with rel¬ 
atively mild systemic metabolic acidosis, distal RTA can have 
a more severe metabolic acidosis, because the distal tubule 
does not provide buffering ability. Clinical characteristics 
seen in humans with distal RTA include nephrolithiasis, 
neph roc akin osis, bone demineralization, growth retardation, 
and hypokalemia. 37 ' 39 Distal RTA has been reported in cats 


exacerbates bicarbonaturia. Urinary alkalization with potas¬ 
sium citrate does not cause bicarbonaturia and provides potas¬ 
sium supplementation. The goals of alkalization should be to 
maintain the serum HC0 3 “ concentration above 12 mEq/L 
and the potassium concentration at 4 to 6 mEq/L, 4 Renal fail¬ 
ure should be managed with dietary protein restriction, fluid 
therapy, histamine*2 receptor antagonists, and treatment of 
hypertension. Treatment for acquired Fanconi syndrome 
should be directed at resolving the underlying cause of the 
disorder and providing supportive care. The prognosis for 
short-term management is guarded to good, depending on the 
severity of azotemia at the time of diagnosis. The long-term 
prognosis is guarded to poor. 


38 


RENAL TUBULAR ACIDOSIS 


The renal tubules regulate acid-base homeostasis through two 
processes: (1) resorption of 80% to 90% of filtered HC0 3 “ in 
the proximal renal tubule, and (2) excretion of acids by means 
of titration of urinary buffers and excretion of ammonium in 
the distal renal tubule. 37 The term renal tubular acidosis (RTA) 
describes rare tubular disorders that lead to hyperchloremic 
metabolic acidosis. Various types of RTA have been described 
based on the area of the affected renal tubules. Proximal RTA 
(type II] occurs as a result of inability of the proximal tubules to 
prevent loss of HC0 3 _ , and distal RTA (classic, or type I ) occurs 
the result of inability of the distal tubule to excrete H + . 
Type IV RTA is distal RTA and hyperkalemia secondary to 
hypoaldosteronism or aldosterone deficiency. Unique diagnostic 
criteria exist for each type of RTA. 3B 

A defect in the basolateral membrane Na + -HCQ 3 " cotrans¬ 
porter, with leakage of HC0 3 “ into the tubular lumen, results 
in proximal RTA, 39 This disorder can occur alone or as part of 
another clinical tubular defect (e.g., Fanconi syndrome). 
Ongoing loss causes a reduced plasma bicarbonate concen¬ 
tration, but the associated metabolic acidosis is self-limiting 
because of the distal tubule's ability to excrete acid. If oral 
sodium bicarbonate (NaHC0 3 ) is prescribed to normalize 
the plasma bicarbonate concentration, the amount of HC0 3 ^ 


39 


as 
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Table 265-1 


Clinical Features of Proximal and Distal Renal Tubular Acidosis (RTA) 


PROXIMAL RTA 


DISTAL RTA 


FEATURE 


Yes 


Yes 


Hypercalciuria 

Hy perp h os p haturi a 

Urinary citrate 
Bone disease 

Nephrocaldnosis 

Nephrolithiasis 

Hypokalemia 
Potassium wasting 
Alkali required for treatment 
Other defects of proximal tubular function* 
Reductions in plasma bicarbonate (HCO^) 
Fractional excretion of HC0 3 with normal 
HCOj concentration 
Urine pH during acidemia 

Urine pH after ammonium chloride administration 


Yes 


Yes 


Decreased 
More severe 
Possible 


N orm al 
t ess severe 


No 


Not usually 

Mtld 

Worsened by alkali therapy 
>11 mEq/kg/d ay 


Yes 


Mild to severe 
Improved by alkali therapy 
<4 mEq/kg/day 


No 


Yes 


Variable 

<15% 


Moderate 

>15% 


> 6.0 


< 6.0 


> 6.0 


< 6.0 


From Bartges JW: Disorders of renal tubules. In Ettinger SJ P Feldman EC (eds): Textbook of Veterinary Internal Medicine, 5th ed Philadelphia, 

WB Saunders, 2000, p 1704. 

•Decreased resorption of sodium, potassium, phosphate, uric acid, glucose, and amino acids. 
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with pyelonephritis and in one eat with hepatic lipidosis. 4 ' 38 
The diagnosis may be made by failure to acidify urine with an 
ammonium chloride challenge test. This test is performed by 
measuring the urine pH before and at hourly intervals for 
6 hours after oral administration of 110 mg/kg of 

c h lori de. N ormal dogs sh oul d acidi fy to a u rin e pH of 5.0, and 
cats to a pH of 5,5. 

Treatment for distal RTA consists of administration of 
alkali source A combination of potassium and sodium citrate, 
at a dosage range of 1 to 5 mEq/kg/day, orally, divided into 2 
doses, may be preferred over HC0 3 ~ as the alkali source. 
Characteristics of proximal and distal RTA are presented in 

Table 265-1 A 3 * 


(eg., Escherichia coli endotoxin), drugs (e.g., glucocorticoids 
chemotherapeuties), metabolic conditions (e.g., hypokalemia, 
hypercalcemia), tubular injury or loss (e.g., renal cystic dis¬ 
ease, bacterial pyelonephritis), or alterations in the medullary 
concentration gradient (e g., medullary washout), 40 

Congenital ND1 is a rare disease caused by a deficiency of 
ADH receptors. Clinical signs, apparent soon after birth, 
include severe polydipsia and polyuria and a hyposthenuric 
urine (specific gravity of 1.001 to 1.0Q5; osmolarity less than 
200 mOsm/kg). The diagnosis is based on failure to concen¬ 
trate urine after modified water deprivation testing, failure to 
respond to exogenous ADH, and exclusion of more common 
causes of MDL 4 

Treatment for acquired NDI should be directed at resolv¬ 
ing the underlying cause. Congenital NDI therapy consists of 
free-choice water consumption, dietary sodium and protein 
restriction, and/or thiazide diuretics (chlorothiazide, 20 to 
40 mg/lb given orally every ] 2 hours; or hydrochlorothiazide 
2.5 to 5 mg/lb given orally every 12 hours). Dietary sodium 
and protein restriction reduces the amount of solute pre¬ 
sented to the kidney that must be excreted in the urine each 
day, further reducing obligatory water loss, 41 The addition of 
diuretic therapy to dietary restrictions results in mild dehy¬ 
dration, increased fluid and sodium uptake in the proximal 
tubule, and 20% to 50% reduction of urine output 41 If medi¬ 
cal management is not an option for the client and polyuria 
can be tolerated, the animal can be maintained on free-choice 
water consumption alone. 


i 


ammonium 


an 


NEPHROGENIC DIABETES INSIPIDUS 


i 


The term nephrogenic diabetes insipidus (NDI) describes any 
disorder in which the urinary concentrating mechanism is 
unable to respond to anti diuretic hormone (ADH) to produce 
concentrated urine. ADH is produced in the hypothalamus in 
response to hyperosmolarity or hypovolemia. Upon release, 
ft attaches to receptors at the b a so lateral membrane of the 
collecting tubules and collecting ducts, causing the tubular 
luminal surface to become permeable to free water and result¬ 
ing in the formation of urine that is more concentrated than 
plasma. Acquired NDI is a common cause of polyuria, because 
it can result from receptor interference caused by toxins 
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Feline Lower Urinary Tract Diseases 




Jodi L. Westropp 
C.A. Tony Buffington 
Dennis Chew 


he terms feluie analogic syndrome (FUS) and feline lower 
urinary tract disease (FLUTD) have served as shorthand 
descriptions for the well-known signs of straining, 
hematuria, pollakiuria (frequent passage of small amounts of 
urine), and periuria (urinations in inappropriate locations) in 
cats 1 In 1925 an accurate clinical description of cats with 
lower urinary tract (LUT) signs described the disorder 
common.- The roles of confinement and highly nutritious 
food were discussed, and the common occurrence of the 

problem in Persian cats was identified. In 1970, the term FUS 
was coined by Osbaldiston and Taussig 3 to describe a problem, 
characterized by dysuria, urethral obstruction, urolithiasis 
(although no stones were reported), and hematuria." During 
the 1980s, Osborne and colleagues 4 suggested that FUS 
should be considered synonymous with FLUTD, 

No diagnosis for the clinical signs of irritative voiding 
be determined in approximately two-thirds of cats with LUT 
signs, and they are classified as having feline idiopathic cystitis 
(FIC). If a cystoscopy is performed and characteristic submu¬ 


cosal petechial hemorrhages are seen, 5 a diagnosis of feline 
interstitial cystitis can be made (Figures 266-1 and 266-2), 
This term was chosen because of the similarities between cats 
and humans with interstitial cystitis, an idiopathic pelvic pain 
syndrome that is characterized by difficult, painful, and fre¬ 
quent urinations without a diagnosable cause. Two forms of 
interstitial cystitis exist in humans: (1) nonulcerative and 
(2) ulcerative, 5 Cats with FIC generally have the nonulcera¬ 
tive form, however, the "classic H unner's ulcers" have been 
described rarely in cats. 6 The name FIC will be used in this 
chapter for cats with idiopathic lower urinary tract disease. 
The term LUT signs will be used when referring to all possi¬ 
ble causes of LUT disorders. 

Approximately 4 million cats are destroyed annually in the 
United States for ' elimination problems," the majority of 
which are related to the urinary tract. 7 Estimates of the preva¬ 
lence of LUT signs were approximately 1.5% when private 
practices were evaluated, 8 Results of university-based studies 
during the past 40 years suggest that most (55% to 69%) cats 
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Figure 266-1 Cystoscopic appearance of blood vessels in a 
normal bladder from a healthy cat using liquid distention to 
80 cm water pressure. 
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ously, and as many as 40% of cats with periuria have had a 
previous diagnosis of cystitis, 11 Regardless of the presence or 
absence of cystoscopic lesions, we believe that cats with perh 
uria should be treated like cats with FIC 


presented for evaluation of nonobstmctive LUT disorders 
have FIC; some 13% to 28% have uroliths.^ 10 Other less 
common problems such as urinary tract infections [URs], 
anatomic defects, behavioral problems, neoplasia, and obstruc¬ 
tive uropathy (reflex dyssynergia) account for most other 
definable disorders referable to the LUT 

When cats present for periuria (but not spraying) as the 
only reported clinical sign, it can be difficult to decide if they 
should be classified as FIC or a behavioral problem. On cys¬ 
toscopy in cats with only periuria, more than half had abnor¬ 
malities in their bladder such as increased vascularity, edema, 
or glomerulations (submucosal petechial hemorrhages). 10 
Cats with FiC may have a behavioral component simultane¬ 










EPIDEMIOLOGY 


The ratio of LUT cases to all cases seen in a clinic or hospital 
is called the prvporticmal morfitdify rate. Proportional morbidity 
differs from incidence because its denominator is biased 
toward sick animals owned by clients who are willing and able 
to bring their pets to a veterinarian, as well as the clinical 




Figure 266-2 Cystoscopic appearance of a bladder from a 
cat with feline idiopathic cystitis (FIC). Multiple small sub¬ 
mucosal petechial hemorrhages (glomerulations) are present. 


as well as edema. 


















































| SECTION XVIII * Urinary System 


1830 




interests of veterinarians involved in the study Proportional 
morbidity estimates of LUT signs in cats have ranged from 1% 
to 6%, t2 and a recent study reported a rate of approximately 
1-5%. W Recurrence rates for LUT signs are high. In one study 
45% of male cats experienced recurrence within 6 months of 
initial episode of LUT obstruction. 13 In another study the 
recurrence rate for affected cats without obstruction was 39% 

within 1 


Lack of a difference between affected and control 
upper respiratory disease and the increase in risk associated 
with increasing amounts of time spent indoors seem to argue 
against infection as a causative factor in LUT signs of cats. 16 


cats m 












an 








FELINE IDIOPATHIC CYSTITIS 




year M A slightly higher recurrence rate (approxi¬ 
mately 55%) was reported in another study. 15 

A case-control study of cats with LUT signs was conducted 
recently in New Zealand (1991 to 1993). ^ One hundred 
ninety-three affected cats were compared with 189 
matched (sex and age) and 189 random control cats from 
13 private veterinary practices. No difference in age, gender or 
neuter status was identified between cases and controls. 
Increased risk of LUT signs was found for use of a litter tray 
only for elimination (cat unable to lea% f e the house to elimi¬ 
nate), confinement indoor greater than or equal to 21 hours 
per day sleeping inside, a move to a new house during the past 
3 months, ad libitum feeding of dry cat food, and dry cat food 
feeding with low fluid intake. An increased incidence occurred 
during winter months, and further analysis identified a highly 
significant association with rainy days during the previous 
month. Access to outdoor prey was found to be protective. 

Other studies have also reported an increased risk for LUT 
signs in cats fed exclusively dry food. A recent analysis of 
these data suggested increased risk with increased dry food 

consumptionJ - We found a I-year recurrence rate of 39% in 

nonobstmeted cats with FIC fed the dry formulation of 

commercial food, whereas the recurrence rate in cats fed the 
canned formulation 


Pa tho p hy s i olog y 

A variety of abnormalities have been found in the bladders, 
nervous system, hypothalamic-pituitary-ad renal axis, and 
other body systems in cats with FTC. FIC in cats is similar to 
interstitial cystitis in human beings. Humans serve as a useful 
model for cats with FIC, and vice versa. 5 Cats are classified as 
having feline interstitial cystitis if cystoscopy is performed and 
characteristic g[emendations are seen. Cats with feline inter¬ 
stitial cystitis meet all inclusion and exclusion criteria for diag¬ 
nosis of interstitial cystitis that can be applied to animals. 21 
Thus (allowing for species differences), cats with feline 
interstitial cystitis meet the National Institutes of Health 
(NIH) criteria for humans. Feline interstitial cystitis primarily 
resembles nonulcer interstitial cystitis in humans, although 
ulceration and inflammatory infiltrates occasionally have been 
observed in cats. Abnormalities of local bladder factors, 
sory (afferent) neurons, central nervous system (CNS), and 

sympathetic (efferent) neurons occur in cats as they do in 
humans, 22 








case- 




sen- 




Gender distribution seems to be different between 
affected males and females of cats and humans. In cats, both 
genders are affected roughly equally, whereas 90% of humans 
women. 23 One reason for the gender discrepancy may be 
related to differences in diagnoses rather than diseases. Men 
with irritative voiding symptoms are more likely to be diag¬ 
nosed with non bacterial prostatitis than with interstitial cysti¬ 
tis, Miller and colleagues 24 reported that eight of 20 
evaluated for nonbacterial prostatitis had cystoscopic finding 
compatible with interstitial cystitis, and “perhaps,. .should be 
given the diagnosis of IG J ' If only half of the reported cases of 
nonbacterial prostatitis are the same disease as interstitial cys¬ 
titis, the difference in gender distribution between humans 
and cats would disappear. For further details, the reader is 
referred to a recent review on similarities between cats and 
humans and to other models of interstitial cystitis. 21 

Both humans with interstitial cystitis and cats with FIC 
seem to excrete smaller amounts of both total urinary 
glycosaminoglycan 25 (GAG) and a specific GAG (GP-51) 2e - 22 
than do normal individuals, GAG and GP-51 contribute to 
the surface mucus covering the urothelium that is believed 
to inhibit bacterial adherence and urothelial injury from the 
constituents of the urine, A defective GAG layer or damaged 
urothelium could permit hydrogen, calcium, potassium ions, 
or other constituents of urine to come into contact with 
sensory neurons innervating the urothelium. These ions 
stimulate local release of n euro transmitters and result in 
neurogenic bladder inflammation 2 * (Figure 266-3), Sensory 
neurons reach the bladder via the pelvic and hypogastric 
nerves, and the central p recesses of th ese n erves synapse in th e 
dorsal horn of the sacral and lumbar spinaJ cord, respectively . 251 
These neurons include unmyelinated nodeeptive fibers, com¬ 
monly referred to as C fibers. In one study of normal cats, only 
-2.5% of C fibers responded to bladder distention. However, 

more than 10% of these fibers responded after infusion of 

irritant into the bladder lumen. This increase was attributed to 

activation of normally “silent" C fibers, which respond only to 
noxious stimuli. 313 

Histologic changes associated with FIC are generally non¬ 
specific and may Include 






a 




was 11%. 1 2 In another study, risk 
increased with the number of meals fed per day and 
greater with periodic feeding than with ad libitum feeding. 12 
These studies support previous studies that found the risk 

for LUT signs to be highest in indoor-restricted cats that 

predominantly eat dry food. 12 Risk factors, however, must be 
kept in perspective. The proportional morbidity of LUT signs 
in the cat population is approximately 1.0%, ^though many 
cats are kept indoors and fed dry food exclusively 1 * The refor¬ 
mulation of many commercial cat foods (based on earlier 
epidemiologic studies) apparently has not reduced the role of 

a risk factor for LUT signs in cats* This circum¬ 
stance suggests that environmental factors may unmask an 
underlying predisposition to LUT signs in some cats. The 
exact nature of this predisposition remains to be determined. 
The identification of differences in breed 


are 


was 






men 
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dry food 


as 












susceptib i I i ties 

suggests that internal and environmental factors can influence 

disease risk in eats. Willeberg. 12 in a 1984 review, concluded 

that Siamese cats had a reduced risk of LUT signs, whereas 
Persians were at an 




increased risk* Jones and colleagues 16 
reported an increased risk of LUT signs among long-haired 
but not purebred cats. 

LUT signs can occur at any age but are unusua] in cats less 
than 1 yea r of a ge an d m ost freq u en t in cats 2 to 6 years of age. 
When clinical signs are considered without regard to obstruc¬ 
tion, no difference in risk between males and females is 
observed. Adjustment for age is important because both 
tering and LUT signs are age related. When adjusted for age, risk 
is greater for castrated males and spayed females than for intact 
cats, 12 but the age at neutering does not seem to be important. 

Excessive body weight and decreased activity have been 
associated with increased risk for LUT signs in some studies. 
When evaluating husbandry, the data concerning risk for LUT 
signs are mixed, indicating variously no effect 12 16 or increased 
risk* 2 " [f an increased risk exists in multiple-cat households, it 
could be associated with feeding and husbandry practices, 
territorial conflict, or horizontally transmitted infectious 
agents that could play a role in the development of LUT signs. 
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an intact or damaged urothelium 
with submucosal edema, dilation of submucosal blood vessels 
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Figure 266-4 Histopathologic section of a bladder biopsy from 
a cat with feline idiopathic cystitis (FIC), Usually, cats with this 
disease have a very mild cellular infiltrate. Blood and edema 
‘ pooP under the urothelium, and breaks in the urothdium can be 
seen. Submucosal hemorrhages would appear as a glomerulations 
when viewed cystoscopically. (H&E; x40.) 


-» * 
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Figure 266-3 Conceptual model of bladder response 
stimuli. Damage of malfunction of glycosaminoglycan (GAG) 
layer or urothdium may permit urine constituents to activate 
sensory neurons (C fiber) in submucosa, which transmit action 
potentials to the spinal cord (SC) that are perceived as painful by 
the brain* Sensory fibers can also generate local axon reflex with¬ 
out propagating action potential. Axon reflex results in release of 
peptide neurotransmitters, such 

endings. Interaction of SP with receptors on vessel walls results 
in vascular leakage, which can be augmented by SP-induced 
release of histamine (I US) by mast cells (MCJ. These actions may 
give rise to submucosal petechial hemorrhages observed at cys¬ 
toscopy. SP receptors also occur on smooth muscle, which when 
activated stimulate muscle contraction. In addition to luminal 
insults, increased vascular permeability and desquamation of 
superficial cells of u rot helium can also results from systemic and 
environmental stimuli, and activate C fibers and mast cells* SNS f 
Sympathetic nervous system; INFL, inflammation; DJ?G, dorsal 

root ganglia. 
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as substance P (SP) t by nerve 


significantly increased in distended bladders, and transitional 
cell desquamation was identified in cats with FIC 34 
Cyclophosphamide-induced cystitis in rats and other animal 
models of cystitis have increased bladder permeability. 3 ® 
'fherefore it is likely this finding is not specific to FIC but an 
underlying problem that might affect the nerves in the 
urothelium causing a perpetuation of clinical signs* 

Substance P [SP], an 11 amino acid peptide neurotrans- 
mitter, has been identified in the bladder C fibers of cats 
with FIC. The authors have observed a modest increase in SP 
immunoreactivity (IR) in the bladder of cats with FIC. 39 
Significant increases in the SP receptor density (NK-I recep- 
tors] in the bladder of humans with interstitial cystitis and 
cats with FIC also have been reported, 41 Unfortunately, 
clinical trials of the analgesic properties of SP antagonists in 










with marginated neutrophils, submucosal hemorrhage, and 
sometimes increased mast cell density 5 (Figure 266-4), 
Bladder mastocytosis appears to be involved in the pathogen¬ 
esis of interstitial cystitis in some human patients and also in 
some cats with FIC 31 33 (Figure 266-5)* Scanning electron 
microscopy of bladders in cats with FIC revealed patches 
devoid of superficial epithelial cells (so-called umbrella cells 
of the urothelium)^ 4 and disruption of tight junctions that 
worsened after hydrodistention (Figure 266-6). No correla¬ 
tion between histology', cystoscopic lesions, and clinical signs 
appears to exist in cats. In fact, owners have reported com¬ 
plete remission of LUT signs in cats with FIC, but visualiza¬ 
tion of their bladder revealed glomerulations and other 
abnormalities, 35 Similar studies have been documented in 
humans with interstitial cystitis.Because of these findings, 
the authors do not routinely use cystoscopy or histopathology 
to monitor response to therapy* 

Studies in cats with FIC have shown increased leakage of 
ions across the urothelium and urea leakage in nonhydrodis- 
tended bladders. Marked increases in permeability after 
hydrodistention were also present. 34 Bladder permeability is 
reported to be increased in cats with FIC. Bladder permeabil¬ 
ity to sodium salicylate was increased in an in vivo study of 
cats with FIG 37 Additionally, in intro bladder epithelial 
permeability was significantly increased from normal in both 
undistended and distended bladders, w'ater permeability was 


► 


Figure 266-5 Histopathologic section of a bladder from 

with feline idiopathic cystitis (FIC) stained with tuluidinr I>1tar- io 
visualize mast cells. Bladder mastocytosis may contribute to tJir 
pathophysiology of FIC in some cats, but mast cell stabilizing 
drugs do not appear to be beneficial in most cases. 
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* Urinary System 


Normal 


Figure 


266-6 Scannin 8 electron microscopy analysis of hydrodisvendcd bladders from normal 
cind feline idiopathic cystitis (FIC) cats, A, Lo w - m agn ific ati on view of control bladder, B r High- 

magnification view of control bladder showing individual umbrella cells, C, Low-magnification 

view of FIC bladder demonstrating region where umbrella cell layer is disrupted. D, Close-up of 

area enclosed by box in C. E, Low-magnification view of FIC bladder showing regions where the 

urothelium is denuded from the underlying connective tissue. F, Close-up of area enclosed by box 

E. (From Lavelle JP et al: Urothelial pathophysiological changes in feline interstitial cystitis; a 

human model. Am J Physiol Renal Physiol 278(4);540-553, 2000. Used by permission.) 
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Figure 266-7 Photomicrographs of coronal sections of locus coemleus fLCJ of normal cat (A) 
and a cat with F!C (B), immunostained for tyrosine hydroxylase (TH). Reader should note 
increased staining density in LC complex /XCcJ, parabrachial lateral (PBL) t and Kolliker-Fuse 
nuclei of cat with FIC compared with normal cat. Scale bar: 20 pm. 


In the bladder, a2-ARs are found primarily in the urethral 
submucosa and bladder mucosa (not the muscle), suggesting 
a role in the regulation of blood flow and urethral lubrication.^ 1 

In this study, no a2-ARs were found in the bladder muscle, 
implying these receptors are not involved in bladder contrac¬ 
tion. However, the a2-ARs can modulate NE outflow and 
may alter bladder contractility. Decreased sedation after cioni- 
dine administration intramuscularly and decreased mydriasis 
after medetomidine, a more selective ct2 agonist, was found in 
cats with FIC, suggesting decreased a2-AR responsiveness in 
vivo , The reason tor this is unclear, but it could be caused by 
receptor dow r n-regu 1 ation due to persistent elevation in NE. In 
the presence of elevated NE, presynaptic a2-ARs could 
become down-regulated and unable to inhibit NE release. 
Electrical field stimulation studies of bladder strips from FIC 
cats revealed that atipamezole, an a2 antagonist, did not alter 
the relaxing effect of NE, further suggesting that a2-ARs are 
down-regulated in this disease. 61 

Based on history, physical examination and clinical signs, 
pelvic pain is a feature in cats with FIC. Abnormalities in the 
ot2-ARs could be detrimental to patients because postsynap- 
tic spinal ot2-ARs possess antinodceptrve properties and the 
ct2a-AR subtype has been documented to play the major role 
in the control of spinal nociceptive responses. 

In addition to the sympathetic nervous system (SNS), 
abnormalities in the hypo thalamic-pituitary-adrenal axis (HPA) 
have also been observed in cats with FIC. After a high dose 
(125 jig) of synthetic adrenocorticotropic hormone (ACTl l) 
w + as administered, cats with FIC had significantly decreased 
serum cortisol responses compared with healthy cats. 64 Using 
computed tomography (CTT) and gross histopatholgic evalua* 
tion r the adrenal volume (both absolute and per kilogram 
body weight) were significantly lower in FIC cats, but no cor¬ 
relations could be found between adrenal size and cortisol 
production. 65 Although no obvious histologic abnormalities 
were identified, the areas consisting of the zonae fasciculata 
and reticularis were significantly smaller in sections of glands 
from cats with FTC than from healthy cats. Therefore it 
appears 


humans have been disappointing, 43 - 44 SP antagonists have not 
been investigated in cats with FIC. 

A significant increase in tyrosine hydroxylase (T1 HR) has 
been identified in the locus coeruleus (LC) 45 and in the par¬ 
aventricular nucleus of the hypothalamus in cats with FTC 46 

(Figure 266-7). TH is the rate-limiting enzyme of cate¬ 
cholamine synthesis. Bladder distention stimulates neuronal 
activity in the LC, and the LC [Barrington's nucleus) is the 
origin of the descending excitatory pathway to the bladder. 
Moreover, chronic stress can increase TH activity in the LC, 48 
with accompanying increases in autonomic outflow, 49 The LC 
contains the largest number of noradrenergic neurons and is 
the most important source of norepinephrine (NE) in the 
feline and human CNS, It is involved in such global brain 
functions as vigilance, arousal, and analgesia and appears to 
mediate visceral responses to stress, 50 The increased THIR 
observed in the LC of cats with FIC may provide a clue to the 
observation that clinical signs of FIC follow a waxing and 
waning course, and that they can be aggravated by environ¬ 
mental stressors. 2851 

In addition to increased LC activity, cats with FIC also 
have increased plasma NE concentrations. 52 Increased plasma 
and CSF catecholamine concentrations and their metabolites 
compared with healthy cats have been measured during 
stressful situations. The stTess studies included removing food 
12 hours prior to testing, moving the cats to different cages, 
and abruptly changing their diets. As the healthy cats accli¬ 
mated to the stress, their plasma catecholamine concentra¬ 
tions decreased, whereas cats with FIC demonstrated even 
higher concentrations of plasma NE, epinephrine, and their 
metabolites. 53 Enhanced stimulus-induced local NE release 
from the bladder, 61 and functional desensitization of central 
alpha-2 adrenoceptors (ex-2 AR) have been reported in cats 
with FIC. 55 In the LC, a-2 agonists inhibit NE release, whereas 
in the spinal cord they inhibit transmission of nociceptive 
input to the brain. 56 - 57 Although spinal a-2 AR activation can 
inhibit nociceptive input acutely, the receptors can become 
desensitized or down-regulated after chronic stimulation (i.e 
by continuously elevated NE), 58 - 59 
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activated in this disorder, the HPA axis is not. Other chronic 
inflammatory and noninflammatory conditions in humans 66 
appear to have an apparent "dissociation" of the SNS from the 
HPA axis as welLThe significance of this finding is not known. 

Based on the identified sensory abnormalities in cats with 
F1C, the authors have begun to measure response to acoustic 
startle. These studies are designed to evaluate the observed 
anxiety-related behaviors. The acoustic startle response (ASR) 

is a brain stem reflex that responds to unexpected, loud stim¬ 
uli. The magnitude of the response can be altered by a variety 
of experimental manipulations and is affected by many patho¬ 
logic conditions. These attributes have led to use of the ASR 
to study neurologic dysfunctions of sensorimotor information 
processing. Given the role of neural abnormalities in cats with 

Fp ^ speculated that their ASR responses might be 
abnormal, and initial results revealed the magnitude of ASR 
105 dB averaged more than double that of healthy cats. 

The pathophysiology of FIC is not fully understood and 
may involve complex interactions between a number of body 
systems. Abnormalities are not localized just to the bladder, 
but are present in the nervous, 53 endocrine, 65 and cardio¬ 
vascular systems. 6 ' How these systems communicate and 
manifest as FTC in some cats but not in others remains to be 
determined. To better treat their patients, it is important 

j j ^ to i un< ^ €rstar id that this syndrome is not just a 
bladder disease amenable to simple diet or drug therapies. 


calculi, or dilute urine. 7 * A quantitative urine culture should 

be performed in cats with LUT signs older than 10 years of 

age, with a urine specific gravity (U5G) less than 1,030, which 

has undergone perinea] urethrostomy, or after a urinary 
catheter has been placed. 

Urinalysis findings such as hematuria, proteinuria, and 
crystal]uria are not specific for any particular type of bladder 
disease or even a specific stone type. For example, one can see 
pyuria if a true UTI is present, but mild pyuria can also be 
present in sterile cystitis upon occasion. Crystal!uria can be 
found in many cats with no signs referable to their LUT. 
A baseline urinalysis is valuable to exclude polyuria. If sub- 
maximal urine concentration is present (<1.035 for cats 
eating solely dry food; < 1.025 for cats eating primarily canned 
foods], it is possible that increased urine volume contributed 
to the condition. Therefore a serum biochemical profile and 
thyroid evaluation should be obtained. 

When radiographic findings are negative and a urine cul¬ 
ture reveals no growth in cats with no other identifiable 
abnormalities, the diagnosis of FIC is likely However, if clini¬ 
cal signs persist after proper environmental and drug therapy 

have failed, the veterinarian should consider a referral to a 
specialty clinic for cystoscopy. 






to 


Cystoscopy Cystoscopy is performed at referral practices 
when LUT signs fail to resolve after standard therapy in those 
cats with negative findings from radiography and urine cultures. 
This tool allows one to visualize the urethra and bladder at 
low and high pressures. Small cystic calculi, urachal diver¬ 
ticula, ectopic ureters, and small polyps all can be visualized 
(Figures 266-9 and 266-10). The authors do not use cystoscopy 
to rule in FIC, but rather to exclude less common 

If none of these are seen, the authors generally still "grade' 1 
the amount of edema, glomerulations [pinpoint hemorrhages] 
and debris that might be suspended in the lumen or peeling 
from the bladder wall. In humans, no good correlation exists 
between cystoscopic bladder lesions and symptom severity, 56 
and the same appears to be true in cats. Furthermore, glomeni- 
lations are not specific for interstitial cystitis in women. 72 
Increased vascularity and glomerulations have been observed 
in stressed, otherwise healthy cats. Such lesions may remain in 
affected cats without clinical signs after treatment. 55 


Approach to the Patient 

In humans with interstitial cystitis, various assays for urine 

markers have been evaluated to attempt to properly identify 

d m ar kc r uni qu e to this disease. 66 O f all the factors evaluated, 

the recently identified antiproliferative factor had the least 

crossover with healthy controls and could be used to aid in 

the diagnosis of this disease- This and other assays have not 

been studied and are not readily available for human 

feline patients. Therefore the diagnosis of FIC still remains a 

diagnosis of exclusion. An algorithm to aid clinicians in the 

diagnostics and treatment of FIC is presented in Figure 266-8. 

Because some two thirds of cats with LUT signs have FIC, and 

it appears that approximately 85 1 %® of cats with FIC resolve 

their clinical signs in 2 to 3 days without treatment, it is debat- 

able whether any diagnostics should be performed for a young 

cat in its first presentation of LUT signs. The basic tests are 

listed, and the clinician must decide based on the cat's signal- 

mem and clinical signs which tests will yield the most benefit 
for each individual patient. 


or 


Treatment of Feline Idiopathic Cystitis 

Having the proper tools to help owners understand FIC 
important in maintaining client satisfaction when beginning 
any treatment regimen. It is not yet possible to predict which 
cats with FIC will relapse, so clients should be told what 
they can do to help decrease the risk of another episode. 

Clinical signs resolve spontaneously in as many as 85% of 
cats within 2 to 3 days, regardless of treatment. About 40% 
to 50% of these cats will have another episode within 
12 months. 1573 Some cats will have multiple recurrences, 
whereas a smaller population will never have complete 
resolution of clinical signs. 

The underlying cause of this disorder is unknown, so 
current treatment recommendations must be tentative. The 
current goals of therapy for cats with FIC are not to "cure* 
them, but to decrease the severity of signs and to increase 
zerepisode intervals, especially for severely affected 
E nh anced stress 


is 


Radiography A plain abdominal radiograph that includes 
die entire urinary tract (including urethra] can be a useful 
diagnostic tool in cats with LUT signs. Approximately 15% of 
ca ts_with stranguria, hematuria, pollakiuria, or a combination 
of these conditions will have radiographic evidence of cystic 
calculi. If only one diagnostic test can be performed, survey 
abdominal radiography is likely to provide information that L 
most clinically relevant. Contrast studies of the bladder and 
urethra in cats with FIC are usually unremarkable, though 
15% have diffuse or asymmetrical thickening of the bladder 
wall.'* A contrast cystogram and urethrogram can be helpful 
to evaluate for nonradiopaque calculi and other lesions such 
as mass lesions, blood clots, and strictures in cats with recur¬ 
rent episodes. Contrast studies are especially indicated in 
elderly cats (> 10 years of age] where FIC is not as likely 


in 


cats. 

response system activity seems to be 
central to maintaining the chronic inflammatory process. Any 

treatment strategy to decrease SNS outflow may be important 
reducing inflammation. Reduction of the noxiousness of 
urine or normalizing bladder permeability may also prove 
useful. An overarching premise is that FIC is not just a blad¬ 
der disorder but involves complex interactions of the nervous 
and endocrine systems, 65 The development of chronic HC 


Urinalysis and culture Less than 2% of young (< 10 years 
of age) cats have true bacterial cystitis, so urine culture is a 
low-yield test. 1 * 10 Quantitative urine culture should be per- 
formed in all cats with recurrent (> 2 episodes) LUT signs. The 
possibility of a UTI increases with age, perineal surgery, cystic 
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Cat with lower urinary 

tract (LUT) signs 


i 


Obstructed? 


No 


Yes 


i 


Polyuria/polydypsia (PU/PD)? 


Proceed with 
emergency therapy and 
radiographs. Culture 

urine after catheter is 
removed. If all tests are 
negative , proceed 
with treatment regimen 
to include client 
education, resources, 
and environment 
enrichment. 




No 


Yes 


First presentation? 


Proceed with appropriate 
diagnostics such as 
urinalysis, specific gravity, 
serum biochemical 
profile ±T4. 


Yes 


No 


1 


Second presentation? 


Periuria only? 


Yes 


No 


Yes 


No 


i 


i 


A 


Third presentation? 


Periuria only? 


Periuria only? 








A Diagnostic; None are usually necessary. 

Treatment Utter box management and cleaning of soiled areas should be addressed. 

Medications: No medications are recommended. 

B Diagnostic: A radiograph should be considered, especially if hematuria 1s present. 

Treatment if the radiograph is negative, therapy should include analgesia for 2 to 3 days during the acute episode. Utter box management and 
cleaning of soiled areas should be addressed. 

Medications: No medications are recommended. 

C Diagnostic: A urinalysis is recommended. If submaximat urine-specific gravity is present, then appropriate diagnostics are needed. 

Treatment: If diagnostic tests are negative, then the resource checklist should be reviewed and additional areas that were not previously addressed 
should be incorporated. 

Medications: Phermonotherapy is recommended. 

D Diagnostic: A radiograph, urinalysis, and urine culture are recommended* 

Treatment: If all tests are negative, analgesia should be provided for 2 to 3 days during acute episode. Canned food is encouraged for the cat in 

addition to litter box management and cleaning of soiled areas. The cat's uri ne-specity gravity is monitored for 3 to 4 weeks to assess the cat's water 
intake. 

Medications: Phermonotherapy is recommended. 

E Diagnostic: A urinalysis should be performed if ft has not already been done. Radiographs, urine culture, and biochemical profile are also 
recommended. 

Treatment If ail tests are negative* then the resource checklist is formatly reviewed and those areas that have not already been addressed should be 
incorporated. Further information for cleaning soiled areas should be provided. Additional resources (web sites, books) on how to provide an 
enhanced indoor environment for cats should be provided to clients. Intercat conflict issues should also be addressed. 

Medications: Phermonotherapy should be used In conjunction with behavior-altering medications such as tricyclic antidepressants (TGAs) or buspi- 
rone. The medication should be taken for 4 weeks; if no improvement is seen, a referral for further diagnostics and consultation should be considered. 

Diagnostic: A radiograph, an urinalysis, and a urine culture should be performed, A complete blood count (CBC) and biochemical profile should also 

be submited. If ail tests are negative, a contrast study or abdominal ultrasound of the bladder and urethra should be condered to rule out nonradto- 
opaque calculi and other mass lesions. 

Treatment: If all diagnostics are negative, analgesia should be provided for 2 to 3 days during acute episode. In addition to canned food, the sheet 
on “Increasing your cat's water intake" should be reviewed. Water should be viewed as a “drug," and the cat's urine-specific gravity should be 
monitored to evaluate water intake. The resource checklist should be formally reviewed, and those areas that have not already been addressed 
should be incorporated. Additional resources (web sites, books) on how to provide an enhanced indoor environment for cats should be provided to 
clients, Intercat conflict issues should also be addressed. Follow up and support for clients are essential. 

Medications; Phermonotherapy should be used in conjunction with behavior-altering medications such as TGAs or anxiolytics. Medication should 
be taken for 4 weeks; if no improvement is seen, a referral for further diagnostics such as a cystoscopy should be considered. 

Figure 266-S Algorithm for lower urinary tract signs in the cat. 
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Figure 266-9 Cystoscopy of an anesthetized female cal 

using a 9F rigid cystoscope. 


requires the presence of a susceptible cat in a provocative 
environment. The challenge is to identify what is provoking 
the susceptible cat in hopes of preventing future bouts. 
Analgesia, changes in diet and water intake, discussion of feed¬ 
ing practices, litter box management, cleaning of soiled areas, 
restoration of normal cat behaviors and activities, and drug 

therapy all are considered as part of the authors' current 
approach to therapy; 

Using strategies from the 1 iterature , u the authors have 

fount! that clients will report a positive outcome (regardless of 

how well their cat responds to recommended therapies) if the 
client feels: 

1 . Listened to. 

2 . They receive an explanation for the problem that makes 
sense to them. 

3. They feel care and concern being expressed by the 
givers and others in the clink. 


4. They gain an enhanced sense of mastery or control over 
the cat s illness or its symptoms. 


Because FIC can be 


chronic, frustrating disease, the 
authors have found that keeping these four points in mind 
when communicating with clients benefits the client, 
clinician. The authors have also established 
program whereby staff members follow' 


pet, and 


technician 


a cat's progress as 
sure that problems are explained 
thoroughly and that client gains enough understanding of the 

disease process to feel comfortable with managing the 
disease. 


often as necessary to be 


cat s 


Provisional Recomtnendatiotts (Environmental Chang 
and Resources Available for Cats with FIC) 
necessary resources for indoor-housed pet cats has not yet 
been validated, but some recommendations are available. 757 ** 
Cats appear to benefit from appropriate 


es 


A fist of 


care- 


access to resources 


F i gure 266-10 Cystoscopi c vi ew of the righ t a n d left 
ureteral openings in a cat, They often appear to be in the 
proximal urethra when the bladder is not fully distended, 
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avoiding others or decreasing their activity,® 9 Unrelated cats 
housed together in groups appear to spend less time interact¬ 
ing with one another than related ones," These cats may 
prefer to have their own separate food and water sources, 
litter boxes, and resting areas to avoid competition for 
resources and to avoid unwanted interactions, 89 Published 
guidelines for introducing new cats into a home are available 
and may be recommended to clients adding cats to their 
households. 70 Because of the dearth of controlled trials, it is 
not currently possible to prioritize the importance of these 
suggestions or to predict which would be most appropriate in 
any particular situation. 

Dietary Treatment Dietary modifications may reduce the 
risk of recurrence of Id IT signs in affected cats. Struvite crystals 
do not appear to damage normal urothelium, and efforts to 

acidify the urine to reduce struvite crystalluria by dietary 
modification are often not necessary. Efforts to acidify the 
urine using dry foods have no demonstrated value in treat¬ 
ment of FIG Clinical experience suggests that diet change can 
result in recurrence of FIC signs in some cats. Moreover, with 
the advent of many similarly formulated prescription and 
commercial foods marketed for use in cats with urolithiasis or 
to "promote urinary tract health/' changing diets can 
result in recurrence of signs associated with FIC. No known 
benefit exists for acidifying the urine or restricting magnesium 
in cats with FIC It is not recommended to frequently change 
diets. It is encouraged to increase water intake, and consump¬ 
tion of a canned food is one way to accomplish this. To avoid 
the potential stress of being confronted with an unfamiliar 
diet, it is recommended to begin feeding new canned food 
alongside the original diet. 

In studies from the United States and New Zealand, cats 
with idiopathic cystitis were significantly more likely to be fed 
dry food exclusively. iCM0 LUT signs recurred in only 11% of 
affected cats during 1 year of feeding canned formulation of 
a dietary product. Recurrence occurred in 39% of cats fed 
the dry formulation of the same food, suggesting that both 
constancy and consistency [i.e., increased water intake) may 
be important. Both diets contained similar potential renal 
solute load and resulted in a similar urine pH, The average 
USG of cats fed the dry formulation was 1.050, whereas that 
of the cats fed the canned formulation was 1.030. It appears 
that the canned form protected nearly 90% of cats against 
recurrence 

protected about 60%, and 10% 
from recurrence by diet. In addition to water contained in 
food, the suggestions the authors provide owners to encour¬ 
age increased water intake by their cats are presented in 

Box 266-2 and 266-3. 

Pkeromo no therapy Pheromones are fatty acids that seem 
to transmit highly specific information between animals of the 

species. Although the exact mechanisms of action 
are unknown, pheromones reportedly induce changes in both 
the limbic system and the hypothalamus that alter the 
emotional state of the animal® 1 Five facial pheromones have 
been isolated from the cat (Table 266-1). A cat deposits the 
F3 fraction of facial pheromones on prominent objects 
(including humans) by rubbing their head against the object 
when the cat feels safe and at ease, 90 Feliway® {Ceva Sante 
Animale, Libourne, France), a synthetic analogue of this natu¬ 
rally occurring feline facial pheromone, was developed in an 
effort to decrease anxiety-related behaviors of cats. Although 
not specifically tested in cats with FIC, treatment with this 
pheromone has been reported to reduce the amount ot 
anxiety experienced by cats in unfamiliar circumstances, a 
response that may be helpful to both cat and owner. Increased 
grooming and food intake in hospitalized cats 10 also has been 


control of interactions with owners, and a tolerable level of 
conflict with other animals. The authors have assembled a 
provisional list for use by owners to guide consideration of 

some of these parameters (Box 266-1). 

The following tentative recommendations are organized 
to follow Box 266-1; more comprehensive suggestions are 
available in the many available publications about pet cats. 
Owners should Iry to institute environmental modifications 
slowly, one at a time, and in such a way that the cat can 
express its like or dislike for the change, 79 The clinician should 
follow a staged approach to therapy that begins with client 
education and environmental enrichment. If a cat relapses, 
these topics are thoroughly reviewed and pheromonotherapy 
or drug therapy may then be instituted in conjunction with 
en v iron m enta 1 strategi es. 

There should be enough litter boxes in different locations 
throughout the house. A rule that many find helpful is 1 + 1: 

for each cat of a household plus one—and placing litter 
boxes in quiet, convenient locations. If different litters are 
provided, it may be preferable to offer them in separate 
boxes, because individual preferences for litter type have 
been documented. 80 Cats with a history of LUT problems 
reportedly prefer, unscentcd clumping litter, H Litter boxes 
should be cleaned regularly and replaced; some cats seem 
quite sensitive to dirty litter boxes. Litter box size and 
whether or not it is open or covered also may be important to 
some cats. 5 * 1 

Research has demonstrated that blowing an innocuous 
puff of air into a cat s face while it eats can lead to behavioral 
abnormalities.^ This suggests that cats should he fed individ¬ 
ually in a quiet location where they will not be startled by 
other animals, sudden movement, or activity of an air duct or 
appliance that may begin operation unexpectedly. Although 
canned food may be preferable for cats with FIC due to the 
increased water content, some cats may prefer dry foods;® 3 
offering choices in separate, adjacent containers rather than 
replacing the usual food with a new food permits cats to 
express their preferences. Feeding behavior also includes 
predatory activities. These may be simulated by hiding small 
amounts of food around the house, or by putting dry food 
in a container from which the cat has to extract individual 
pieces® 4 or move to release the food pieces (if such interven¬ 
tions appeal to the cat). 77 Cats also seem to have preferences 
for water that can be investigated. Consideration may be given 
to freshness, taste, movement (water fountains, dripping faucets, 
aquarium pump-bubbled air into a bowl), and shape of 
container (some cats seem to resent having their vibrissae 
touch the sides of the container when drinking). Food and 
water bowls should be cleaned regularly unless individual 

preference suggests otherwise. 

The physical environment should include opportunities for 
climbing, scratching, hiding, and resting. Cats seem to prefer 
to monitor their surroundings from elevated vantage points; 
provision of climbing frames, hammocks, platforms, raised 
walkways, shelves, or window seats have been recommended. 77 7 ® 
Playing a radio to habituate cats to sudden changes in sound 
and human voices also has been recommended," and video¬ 
tapes to provide visual stimulation are available/ 

Some cats may prefer to be petted and groomed, whereas 
others may prefer play interactions,® 6 Play interactions with 
cats may include lures or laser pointers. 76 " 7 Cats also may 
enjoy playing with toys, particularly those that are small, 

and that have characteristics of natural prey® 7 - 68 For 


one 


still 








of LUT signs for up to 1 year, constancy of diet 

were offered no protection 


or 


same 


move, 

cats that prefer novelty, a variety of toys should be provided 
and rotated or replaced regularly. 

In multicat houses, cats also interact with each other. 
Because cats housed in groups do not appear to develop 
distinct dominance hierarchies or conflict-resolution strate¬ 
gies, they may attempt to circumvent agonistic encounters by 
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A Resource Checklist for Cat Owners 


Enhanced stress response system activity seems to be central in exacerbating clinical signs in cats with feline idiopathic cystitis 
(FIC). Any treatment strategy to decrease sympathetic nervous system (SNS) outflow may be important in reducing these 
signs. By altering the environment of a cat that has had previous episodes of RC, it is the authors' experience this can decrease 
clinical signs and increase the interepisode intervals. The authors provide this list to clients and tailor these resources on a case- 
by-case basis. Although most cats do not require all suggestions from this list, a detailed history obtained from the owner will 
dictate which areas seem to be most relevant for each patient If drug therapy is necessary in the patient, it should be used in 

conjunction with the environmental strategies listed following. 


No 


Utter Box Management 

Boxes are located on more than one level in multilevel houses. 

Boxes are located so that another animal cannot sneak up on the cat while it uses it. 

Boxes are located away from appliances or air ducts that could come on unexpectedly while 

the cat uses them. 

The litter is kept clean, scooped as soon after use as possible (at least daily). 

Boxes are washed regularly (at least weekly) with a mild detergent (e.g., dishwashing liquid), 
rather than strongly scented cleaners. 

Unscented dumping litter is used. 

The brand or type of litter purchased is changed infrequently (less than monthly). 

If a type of litter is offered, it is put in a separate box so that the cat can choose to use it if it wants to. 
Each cat has its own litter box in a convenient, well-ventilated location that still gives the cat 
some priva cy while ust ng it* 


Food and Water > 

Each cat has its own food and water bowl in a convenient location that provides some privacy 
while eating or drinking. 

Bowls are located such that another animal cannot sneak up on the cat while it eats. 

Bowls are located away from appliances or oir ducts that could come on unexpectedly while 
the cat eats or drinks. 

Food and water is kept fresh (daily). 

Bowls are washed regularly (at least weekly) with a mild detergent. 

The brand or type of food purchased is changed infrequently (less than monthly). 

If o new food is offered, it is put in a separate dish next to the familiar food so that the cat 
can choose to eat it if it wants to do so. 




Environmental Considerations 

Scratching posts are provided. 

Toys are provided, rotated, or replaced regularly. 

Each cat has the opportunity to move to o warmer or cooler area if it chooses to do so. 
Each cat has a hiding area where it con get away from threats if it chooses to do so. 
Each cat has its own space that it can use if it chooses to do so. 


Best 

Each cat has its own resting area in a convenient location that still provides some privacy. 
Resting areas are located such that another animal cannot sneak up on the cat while it rests. 
Resting areas are located away from appliances or air ducts that could come on unexpectedly 
while the cat rests. 

If a new bed is provided, it is placed next to the familiar bed so that the cot con choose to use 
it if it wants to do so. 

Movement—each cat has the opportunity to move about freely, explore, climb, stretch, and 


play if it chooses to do so. 


Social contact—each cat has the opportunity to engage in play with other ammals or the 


owner if it chooses to do so. 
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Table • 266-1 


266-2 l ZmsV’ 

Increasing a Cat's Water Jntaie 




CfceffttGa/ Components o/ i/ie Facia/ Scent Gland 
Secretions in Cats 


Another important aspect to treat cats with feline idiopathic 
cystitis (FIC) and urolithiasis is to increase the cat's water 
intake. The authors have compiled a list of ways for clients 

*• ■ • ■ k • • •«_ '• ^ •- r t $ m- ^ *i ' ■ _ ■ * ■ ■■“*■■■ n ■* m •» ■ r • » ~~ ji Jf m a T * » • * » - * • 

to increase water intake. These "tricks" can be used by 
themselves or in combinations* 

T Switch from a dry diet to a canned formulation* See 
Box 266-4 for recommendations on how best to 
acdimate a cat to its new diet* 

2. Add water to the food, whether it is dry or canned. 

Start slowly, and proceed as the pet's appetite permits. 
If food is available oil the time, feeding the pet two 
mea Is a d ay bef o re beg i n n i n g to add water could he Ip it 
accept the water more readily. 

3. Place water next to the food* Some animals prefer a 
full, shallow dish; others seem to like reaching down 
into a container. 

4. Add "wet" foods to the cat's food, like water-packed 
tuna, clam juice, and (low salt) gravy mixes. 

5* Offer distilied or bottled water, 

6 . Try a pet "fountain'’ that can be purchased from pet 

stores and magazines, 

7. Leave some water in the bottom of a sink, bathtub, or 

™ . ■ "* rn * >. < ■ "’*■%# - - ^ b ■•‘Wl. "lu . t-V • *4 ’ m *“4^ ™y «*■ _ ~ M 1 • ■ ■% . ™. . * V. ^ . , ™ 

shower. Putting a shallow bowl under a slow drip 

.■ n *11 • AS r v . - • • » mm wm ++ r 1 _ - ■ ■ » _ * * VUK 1 * • •• ■ 1 

ensures a drink of fresh water whenever the cat might 
want one. 


SECRETION COMPONENTS 


FUNCTION 


Unknown 


Oleic acid, caproic acid, 
trimethylamine 
5-aminovaleric acid, 
n-butyric acid, 

G£-m ethy!butryic acid 
Oleic acid, palmitic acid, 
propionic acid, 
p- hy d roxy phe n y I a ce t i c 

acid 

Oleic acid, azelaic acid, 
pimelic acid, palmitic 
acid 


FI 


Sexual facial 
marking in 
tomcats 


F 2 


Facial marking on 
items, antagonist 
of urine marking 
and scratching 
Allomarking, 
antagonist of 
territorial or 
irritative 
aggression 
Unknown 


F 3 


5p-choestan acid BfJ-ol, 
oleic acid, pimelic acid, 
n-butyric acid 


F 4 




Palmitic acid, isobutyric 
add, 5-ominovoleric 
acid, n-butyric acid, 
a-methyl butyric acid, 
trimethylamine, azelaic 
acid, p-hydroxyphenlacef ic 
acid 


F5 


ViTFr 


■ m ■ at* ■■ l -Mi » ■ • 

8. Make ice cubes out of meat or fish broth. Bring the 
contents of a 6 02 can of tuna or salmon, or a cup of 
ground meat, to boil in 2 cups water, simmer for 
10 minutes, and strain through cheesecloth into an ice 
tray. A broth cube in the pet's water bowl will flavor it 
and increases water intake in some cats. 






Used with permission from MacDonald DW: The carnivores; order 
Carnivora. In Brown RE, MacDonald DW [eds); Social odours in 
mammals. Oxford* Clarendon Press, 1985, p 619-622. 




A urine specific gravity (USG) should be obtained after 
4 weeks of "water therapy” and should be approximately 
1.030 if clients are successful. 


administration of the pheromone is new, and controlled trials 
are needed to make recommendations. 


Drug 77ierapy 

Analgesics A lack of objective information exists to 
guide analgesic treatment of animals with chronic visceral 
pain. Amitriptyline (please see following discussion for fur¬ 
ther details) appears to provide analgesia for some cats, but use 
of this drug is usually reserved for cats with severe, recurrent 
FIC Providing analgesia with nonsteroidal anti-in fla mm a t ory 
agents such as carprofen and ketoprofen, butorphanol, or 
more potent opioids such as fentanyl [patches) has been sug¬ 
gested; however, no studies have been reported to date, anti 
many drugs are not approved for these uses* Breaking the 
eh f oni c pain - inflamm ation cy cle may be important in the m a n - 
agement of at least some cats with severe disease. During 
acute flare-ups, some form of analgesia, such as butorphanol 
[Table 266-2), should he combined with a short-term tran¬ 
quilizer such as acepromazine. Alternatively, huprenorph ino 
can be used subcutaneously and, anecdotally, per os (a syringe 
can be used to squirt the injectable form into the tats 
mouth). The effects of buprenorphine can last longer than 
butorphanol because of its high affinity toward mu receptors 
in the CNS 94 It is generally easier for clients to give injections 
to their cats as compared with oral formulations. Bet ause 
stress has been documented to perpetuate clinical signs, the 


reported with the use of Feliway®. Others have reported 
decreased spraying in muiticat households,- ,2 decreased 
marking, 9 * and a significant decrease in scratching behavior. 90 
Although, Feliway® is not a panacea for unwanted cat behav¬ 
iors or FIC, it has been used successfully in combination with 
environmental enrichment, drug therapies, or both. 

Feliway® is sold as both a spray and room diffuser, and 
there has been success in the management of some FIC cats 
using Feliway®. The spray can be used to treat areas of the 
house w r here the cat is urinating by use of a single spray to the 
affected spot for 30 days. The authors also have found 
Fell way® to be beneficial to decrease anxiety associated with 
traveling. Clients can spray the cat carrier 15 minutes prior to 
the trip and then place the cat in the carrier to help decrease 
the stress and anxiety most cats associate with travel. The 
treated areas should be sprayed at least 15 minutes prior 
to the cat encountering the area, because the vehicle (ethanol) 
for this pheromone is offensive to most cats. The room dif¬ 
fuser can be placed in a room where the cat inappropriately 
urinates. One room diffuser Is reported to cover approxi¬ 
mately 650 square feet and to last for 30 days. This method of 
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least invasive approach for the cat should be attempted first, 
so routes of medication should be tailored for individual cats* 

We have used amitriptyline, (a tricyclic antidepressant 
[TCA]) in uncontrolled trials to successfully decrease clinical 
signs of severe, recurrent FIG 35 Amitriptyline (Elavil®), may 
provide analgesia by inhibition of NE reuptake at noradrener¬ 
gic nerve terminals 95 and possibly due to inhibition of a wide 
range of nociceptive neurons in the spinal trigeminal 
nucleus.The beneficial effects of amitriptyline treatment on 
pain appear to be independent of its effect on depression in 
human beings. 97 This point is important when considering this 
drug for cats, because analgesia can occur at lower doses, 
which potentially could decrease the unwanted side effects 
such as weight gain and lethargy* Other actions of amitripty¬ 
line include the ability to stabilize mast cell membranes 
(by antagonism of the H1 receptor), serotonin (5 -HT) reuptake 
inhibition, and antagonism of both glutamate receptors and 
sodium channels, 9 * Urine retention through anticholinergic 
effects of the TCAs may result. Findings in a series of cats with 
severe F1C showed that the clinical signs of some cats were 
reduced during amitriptyline treatment during a 12-month 
period. Improvement in clinical signs was not always accom¬ 
panied by improvement in the cystoscopic appearance of the 
bladder. Controlled studies of the safety and efficacy of 
amitriptyline in cats with FIC are not available, but it has been 
used with apparent safety by animal behaviorists for more 
than 10 years* ' 

The drug should be given orally once daily before the 
owner retires for the night. The dose should then be adjusted 
to produce a barely perceptible calming effect on the cat 
(usually 2.5 to 12.5 mg). The reduction in severity of clinical 
signs can be dramatic in some cats; but in others little or no 
beneficial effect is observed. If no improvement is seen within 
2 to 4 months, the medication should be gradually tapered 
and then stopped. 

Clomipramine hydrochloride (Clomicalm®, veterinary 
label; and Anaffanil®, human label) is also a tertiary amine 
like amitriptyline, but has more selectivity for blocking the 
reuptake of 5-HT. It has been reported to provide a beneficial 
effect (in combination with environmental strategies - for 
psychogenic alopecia in cats." The authors have prescribed 
this in recurrent cases of FIC with anecdotal improvement 
in some cats. Complete blood count (CBC) and serum 
biochemical profile are recommended before treatment and 
at 1 and 3 months to ensure no untoward effects of therapy 
during the use of any TCA. 

The selective serotonin reuptake inhibitor, fluoxetine 
(Fro zac®}, 100 has been reported to help cats with inappropri¬ 
ate urinations with variable success rates. Fluoxetine was used 
to help decrease the rate of urine marking after environmen¬ 
tal alterations such as litter box hygiene and appropriate 
cleaning strategies. The nonbenzodiazepine anxiolytic, bus- 
pirone (BuSpar®) has been used to decrease high arousal and 
reduce anxiety in intercat aggression. 101 Because cats with FIC 
have exacerbation of clinical signs associated with stressful 
situations, buspirone can be used for this disease with some 
success. Diazepam (Valium®) is a benzodiazepine that is used 
for behavioral disorders and has sedative, anticonvulsant, and 
anxiolytic effects. The most serious side effect encountered 
with the use of oral diazepam in cats is that of idiosyncratic 
hepatic necrosis, 102 which removes this drug from considera¬ 
tion for long-term therapy. Other benzodiazepines such 
alprazolam and temazepam have not been reported to be 
associated with hepatic toxicity, 103 but experience with the 
use of these drugs in cats with FIC have not been reported. 

We do not recommend amitriptyline for acute treatment 
of FIC because it has been shown to have minimal to no ben¬ 
efit in the short-term resolution of signs, 15 The authors reserve 


all the TCAs and the selective serotonin reuptake inhibitors 
for recurrent, severe cases. These drugs need to be used only 
after environmental strategies, diet changes (if necessary), and 
behavior modifications have failed. Furthermore, it is the 
authors’ opinion that these drugs should then only be used in 
conjunction with the previously mentioned therapeutic 
strategies for optimal effects. 

Amitriptyline (and TCAs) should not be discontinued 
abruptly, but tapered slowly over 2 to 3 weeks to avoid any 
possible withdrawal responses that cause exacerbation of 
clinical signs. The TCAs are extensively metabolized by the 
cytochrome P450 enzyme system and, although specific drug 
interactions and safety trials have not been evaluated in 
animals, caution is recommended when prescribing TCAs 
with other dru gs kn own to affect drug metabolism * 103 

The act of medicating a cat can be stressful for some cats and 
owners. Transdermal delivery systems for drugs are available 
that make the administration of the drug much easier, but no 
clinical trials compare the plasma concentration, safety, and 
efficacy of the transdermal preparations to their oral counter¬ 
parts. The authors are reluctant to recommend transdermal 
preparations until the pharmacokinetics and pharmacody¬ 
namics of compounds administered by this route have been 
investigated in affected cats* 

Glyeosominoglycans GAG replacement treatment has 
been used with some success in humans with interstitial 
cystitis 104 but usually does not provide long-term relief. 
The untested assumption is that exogenous GAG will attach 
to the defective urothelium, thereby decreasing bladder per¬ 
meability, In addition, GAG can exert analgesic and anti¬ 
inflammatory effects that might prove useful. A study in 

humans reported that pentosan poly sulfate, a synthetic, 
branched polysaccharide that resembles the natural proteo¬ 
glycan chondroitin sulfate, appeared to inhibit allergic and 
nonimmune mast cell stimulation and decrease intracellular 
calcium ion concentrations, which suggests another alterna¬ 
tive for the benefit of this drug in some human patients, 105 
However, there may be differences in the relative efficacy of 
the various available GAG. GAG replacers, such as Eimiron® 
can be tried. Side effects in humans can include gastrointestinal 
(GI) side effects (diarrhea) and hematologic abnormalities. 
Other veterinary marketed GAG replacers such 
Cosequin® and Adequan® can be tried, but no evidence 
exists as to their efficacy in FIC. 
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UROLITHIASIS, URETHROLITHS, AND 
URETHRAL PLUGS 


Urethral Obstruction 

Urethral plugs are the most common cause of obstruction in 
male cats. In one series from the 1980s, 9 urethral plugs 
occurred in 60% of cats, no cause was found in 30%, uroliths 
alone were documented in only 10%, and uroliths with bacte¬ 
rial UTI were observed in 2%. Occasionally stricture and 
rarely neoplasia cause the obstruction. Urethral obstruction 
due to calcium oxalate urethroliths appears to be more 
common currently as compared with the early to mid-1980s. 
It is unlikely for the urethra of female cats to become 
obstructed, but male cats have a narrow 7 penile urethral lumen 
and are predisposed to obstruction with a urolith or urethral 
plug. Currently, it is unknown what causes the matrix of ure¬ 
thral plugs to form and is probably the outcome of several 
mechanisms. Many urethral plugs are composed of struvite 
with a proteinaceous matrix 9 (Figure 266-11)* Struvite ure¬ 
throliths were the sole type reported in cats from the 1980s, 
but calcium oxalate urethroliths occur more commonly now. 
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The bladder should be continuously palpated during the 
drainage and further pressure exerted on the bladder to allow 
nearly complete evacuation of urine. Complications are rare 
but include extravasation of urine into the peritoneal cavity 
and damage to the bladder wall. 

Cats with urethral obstruction should be managed aggres¬ 
sively with medical treatment unless recurrent obstructions 
occur. A perineal urethrostomy surgery may be needed to pre¬ 
vent future episodes of urethral obstruction. This surgery car¬ 
ries some risks or complications such as bacterial UTIs and 
postoperative strictures. 107 Furthermore, clients need to be 
made aware that this surgery does not correct the underlying 
problem* Recurrent uroliths and FTC episodes can still occur. 
It is reported that the frequencies of feline urethrostomies 
performed at the University of Minnesota Veterinary Teaching 
Hospital has declined over the past 20 years, which is due, in 
part to a decrease in urethral plugs that are diagnosed.The 
50% decrease in occurrence of urethral obstruction could be 
due to the widespread use of urinary acidifying diets because 
struvite is the most common component to the urethral plug. 
Other factors that could have contributed to the decrease in 
perineal urethrostomy surgery could include more such surg¬ 
eries done by private practitioners in primary or referral prac¬ 
tices. Although the decline in urethral obstructions was 
halved, the frequency of urethrostomies decreased by 90%, 
suggesting that clinicians at this institution are now managing 
urethral obstruction successfully by nonsurgical methods. 

For most obstructed cats (other than neurogenic obstruc¬ 
tion), medical management with analgesics, antispasmodics 
(ccl adrenoceptor antagonists), and appropriate fluid therapy 
can be rewarding. Serum biochemistry, CBC, and urinalysis 
should be obtained, though is not necessary to evaluate such 
results prior to obstruction relief Cats that are moribund 
should be resuscitated with intravenous fluids and correction 
of serious electrolyte and acid-base disturbances before anes¬ 
thesia for placement of a urinary catheter. Specific rescue 
from the oardiotoxic effects of severe hyperkalemia (calcium 
salts, glucose, or insulin + glucose) may be necessary even 
before specific values for serum potassium return from the 
laboratory. An electrocardiagraphic assessment of all system i- 
cally ill cats with urethral obstruction should be performed. 
Only 12% of cats with urethral obstruction had severe hyper¬ 
kalemia {>8*0 mmol/L) in one recent report. 

Anesthesia is needed to allow proper manipulation of the 
cat's penis and passage of the urinary catheter, Isoflurane gas 
anesthesia can be administered by facemask to provide seda¬ 
tion and urethral relaxation* Alternatively, propofol infusion 
can be given for anesthesia. The combination of ketamine and 
Valium given intravenously to effect has been used for many 
years but does not provide adequate relaxation for some cats. 
After decompressive cystocentesis, the clinician should relieve 
tire obstruction by catheterization and retro pulsion with 
hydraulic forces using a sterile physiologic solution. Any ure¬ 
thral plug or urolith that is retrieved should be submitted for 
quantitative analysis. An indwelling catheter is not always 
needed once the obstruction is removed but is advised for cats 
with pronounced azotemia, those with a poor urine stream 
after advancing a catheter, and for those with an extremely 
large bladder volume at the time of obstruction relief because 
they are more likely to develop detrusor atony. 

Urine output should be monitored frequently in severely 
ill cats. Cats recovering from severe postrenal uremia often 
have substantial postobstructive diuresis. Urine output is 
expected to be greater than 2*0 mL/kg/hr shortly after relief 
of obstruction and intravenous infusion of rehydration 
fluid volumes. Urine output can be marked, making it essen¬ 
tial to ensure the amount of intravenous fluid volume infused 
is adequate to replace urine volume lost. Diuresis usually 
subsides as the waste products are excreted, which typically 


Figure 266-11 Fragments of urethral plugs obtained in a male 

cat after digital manipulation of the distal urethra and manual 
compression of the bladder. 


It has been hypothesized that the concomitant occurrence 
of UTIs and crystal!uria may lead to formation of matrix- 
crystalline plugs that obstruct various portions of the urethra, 
especially in male cats."* It was hypothesized that Tamm- 
Horsfal mucoprotem (THP) is contained within urethral 
plugs. Once this coalesces together with the crystals, white 
blood cells (WBCs), and red blood cells (RRCs), it can be 
surrounded by amorphous material and then obstruct the 
urethra. No evidence of THP in urethral plugs obtained from 
obstructed cats was identified in one group of cats we evalu¬ 
ated- However, the eletrophoretic pattern of some plugs 
resembled that of albumin and its degradation products, 
suggesting that the plug resulted from precipitated serum 
proteins. The authors hypothesize that vasodilatation and 
leakage of plasma proteins from the suburotheliai capillary 
plexus [bladder weeping) and secondary urethritis, which can 
he seen cystoscopically in cats with FIC, may trap crystals 
within the lumen oi the male cat urethra and may result in 
obstruction. It is likely that oozing of plasma proteins into 
urine during active inflammation increases the urinary pH 
that contributes to the precipitation of struvite crystals that 
participate in urethral plug formation. Though conventional 
wisdom indicates that urethral plugs form in the urethra, the 
authors have observed with cystoscopy what appear to be 
plugs in the bladder, ft is interesting that the mineral compo¬ 
nents of urethral plugs continue to be predominantly com¬ 
posed of struvite despite the apparent increase in frequency of 
calcium oxalate urolithiais. This may be due to the narrow 
range of metabolic supersaturation of struvite in urine. These 
and other hypotheses 
may Form by different mechanisms, depending on a variety of 
factors present at any particular instance* 

Regardless of the underlying cause or causes, relief of 
obstructions, re-establishment of urine flow f , and correction of 
fluid, electrolyte, and acid-base imbalances associated with 
obstruction and postrenal azotemia are the first steps in 
proper management. Decompressive cystocentesis is a recom¬ 
mended first step, prior to attempts to pass a urinary catheter. 
A small {22- or 23-gauge) butterfly needle inserted into the 
lateral bladder wall midway between the apex and urethral 
outflow works well for this procedure and aids in the removal 
of urine without reinsertion of the needle. Alternatively, if a 
longer needle is necessary, it can be attached to an extension 
set and urine removed with a syringe in a similar manner. 
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varying sizes. The bladder is the most common site of struvite 
uroliths, although they may occur at any site in the urinary 
tract. In cats, struvite stones usually form in sterile urine. More 
than 90% of dogs, in contrast, have struvite stones associated 
with a urease-producing bacterial infection. Struvite solubil¬ 
ity is reduced in urine of pH greater than 6,7. Struvite 
urolithiasis and urethral obstruction have been induced 
experimentally in healthy cats by feeding diets containing 

three to ten times the amount of magnesium found in com¬ 
mercial cat foods.These studies led to the conclusion that 
magnesium was a primary cause of naturally occurring 
struvite urolithiasis in cats. It subsequently was learned that 
struvite stones in the bladder of healthy cats fed large quantities 
of magnesium dissolved when the urine pH was reduced to 
approximately 6.0J 12 These results suggested that magne¬ 
siums effect on struvite formation depended on the urine 
pH—an idea supported by the finding that the form of 
magnesium used in previous studies had increased the urine 

pH, 113 Therefore factors that may be associated with alkaline 

urine (e.g., family history of struvite stones, diet based on veg¬ 
etable proteins [rare in cats], distal renal tubular acidosis) 
should be considered, 

Lekcharoensuk and colleagues, 1 u evaluated the association 
between dietary factors and struvite formation (Table 266-3). 
They reported that diets low in sodium or potassium or for¬ 
mulated to maximize urine acidity had a decreased risk for 
struvite urolith formation. Diets with the highest magnesium, 
phosphorus, calcium, chloride, or fiber contents, moderate 
protein content, and low fat content were associated with 
increased risk of magnesium ammonium phosphate urolith 
formation. However, these differences may also have been 
confounded by the many correlations between the dietary 
components and is compatible with the nutrient profile of 
relatively low-quality cat foods. In addition to nutrients, ingre¬ 
dients, and their combinations, breed, age, sex* body condi¬ 
tion, and living environment were also significantly different 
between case and control cats (which were adjusted for in the 
multivariate logistic regression). The many interacting 
variables demonstrate the complexity of the process of stone 
formation. 

It has been reported that spayed female cats have a higher 
risk of developing struvite uroliths, 115 but a more recent study 1 
found a slightly higher risk only for nu^le cats. When repro¬ 
ductive status was evaluated in this same study, neutered ani¬ 
mals were three and a half times as likely to develop struvite 
uroliths compared with sexually intact cats. Cats with struvite 
uroliths were significantly younger than cats with calcium 
oxalate uroliths in the same study; however, when evaluating 
age, cats 4 years of age or older and 7 years of age or less had 
the highest risk for developing struvite urolithiasis. Breeds at 
risk were reported to be the Foreign Shorthair, Ragdoll, 
Chartreux, Oriental shorthair, domestic shorthair (DSH), and 
Himalayan, The Rex, Burmese, Abyssinian, Russian blue, 
Birman, Siamese, and mixed breed cats had a significantly 
lower risk of developing struvite uroliths. 

Management of Urolithiasis Pa tients who have had cystic 
calculi initially should be monitored every 2 to 3 months for 
recurrence. It is ideal to obtain a radiograph for a quick stone 
check. Uroliths larger than 3 mm will usually be evident with 
a plain abdominal radiograph, A double-contrast study or 
abdominal ultrasound may also be necessary for stones that 
are not radiodense (e.g., urate). If "sand and debris'' or even 

very small stones (3 to 5 mm] are seen in the urinary bladder, 
surgery may not be necessary and voiding urohydropropulsion 
may be used to remove the stones (Figure 266-12, A and B). 
For a complete review of this technique, the reader is referred 
to the literature. 117 Stones as large as S mm can sometimes he 
removed from female cats by this method, but one should be 


lasts 2 to 5 days. In some instances, the amount of intravenous 
fluids administered continues to drive the diuresis. The intra¬ 
venous fluid infusion rate may be decreased by 25% to see 
if urine volume declines in concert. If so, continued 
tapering of intravenous fluids is recommended. Tapering of 
intravenous fluids can also be initiated after there has been 
resolution of azotemia. The magnitude of postobattractive 
diuresis is usually parallel to the magnitude of azotemia. Cats 
with minima! azotemia are not expected to have much, il any, 
diuresis. 

Nearly all cats treated for urethral obstruction at a university 
referral hospital survived initial treatment and stabilization, 11 * 1 
* Death can occur due to consequences of severe dehydra¬ 
tion, hyperkalemia, metabolic acidosis, and hypocalcemia. 
Rarely, cats have a ruptured bladder secondary to long-stand¬ 
ing urethral obstruction. Prognosis for survival in these cats is 
much worse. 

Analgesics such as butorphanol, hydromorphone, and fen- 
tanyl (patches) can be used to alleviate pain, a-adrenoceptor 
antagonists (e.g,, phenoxybenzamine, prazosin) and the phe- 
nothiazine derivative, acepramazine* can be used to help 
prevent smooth muscle urethral spasms that can occur after 
obstruction relief Urethral spasms are a primary reason for cats 
to reobstruct once a plug or urethrolith has been removed. 
Preemptive therapy with anti spasmodic medications may 
help prevent the recurrence of obstruction and help avoid 
need for perineal urethrostomy surgery. If detrusor atony is 
suspected, bethanechol can be added to the regimen provided 
the urethra is patent. After the cat has been successfully man¬ 
aged in the short term, care similar to that given to cats with 
FIC should be given. 

Uroliths 

Uroliths are organized concretions found in the urinary tract 
that contain primarily organic or inorganic crystalloid (ionic 
component of crystals] and a much smaller amount of organic 
matrix. When 70% or more of the urolith is composed of one 
type of crystal it is named for that crystal Secondary crystal¬ 
loids can comprise up to 30% of the total weight. Urine is 
commonly supersaturated with crystalloids, and observation 
of individual crystals in the urine does not mean the cat is 
at risk for urolithiasis, Crystalluria is not a disease, and no 
particular treatment is necessary unless a urolith is pre¬ 
sent, or a urolith or urethral plug has formed in the past. 
Supersaturation of urine with crystalloids depends on the 
interaction of dozens of crystalloid species formed by 
common mineral elements in the urine derived from the 
amount of each solute ingested and excreted in the volume of 
urine produced. 11 " Moreover, these complex calculations do 
not take into account potential organic molecule contributions, 
such as protein inhibitors or promoters of crystallization. 113 
Urine pH also affects crystal formation. Struvite, calcium car¬ 
bonate, and calcium phosphate are Lss soluble in alkaline 
urine; cystine and uric acid are less soluble in acid urine, but 
urate is less soluble in alkaline urine. Urine pH per se does not 
appear to have a major effect on the solubility of calcium 
oxalate; however, most calcium oxalate stones occur in cats 
with acid urine. Factors that predispose to urinary stasis play 
an important role in urolithiasis, because crystals must reside 
in the urinary tract for a sufficient time for a urolith to form. 

Struvite Urolithiasis 

The chemical composition of struvite is MgNI^PCL-fiHjG. 

Calcium phosphate (apatite) sometimes is present in small 
amounts (2% to 10%). The presence of three cations (Ca 2+ , 
Mg 2 \ and NHJ) detected by earlier qualitative methods led to 
the name triple phosphate previously used for these stones. 
Struvite uroliths are spherical, ellipsoidal, or tetrahedral 
in shape and may be present singly or in large numbers of 
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Differences in Content of Various Dietary Components and Predicted Urine pH for Diets Fed to Cats With 

Calcium Oxalate (CaOx) or Magnesium Ammonium Phosphate (MAP) Uroliths and to Control Cats Without 
Any Urinary? Tract Diseases 












DIFFERENCE FROM CONTROL 


COMPONENT RANGES* 


CqOx 


MAP 


UNITS 


CaOx 


MAP 


6% i 


ml 


Prate i n 


g/100 kcal 


80-8.8; 


10.5-13.8 


13% T 

2% 4, 

4%T 

11%; 
12 % 1 
11% i 

9% l 

5% i 
5% I 
33%i 

i%; 


12% T 


Carbohydrate 


g/100 kcal 

g/100 kcal 
g/100 kcal 
mg/100 kcal 
mg/100 kcal 

mg/100 kcal 

mg/100 kcal 
mg/100 kcal 




Fot 


5.0-5,2 

Avoid >03 

Avoid > 205 
Avoid > 176t 

Avoid >26 
Avoid >77t 

Avoid >181* 


7%; 


Fiber 

Calcium 

Phosphorus 

Magnesium 

Sodium 

Potassium 

Chloride 

Water 


7% t 


10% t 

15% T 


78-370 


5% t 

6% T 

11 % l 


181-320 


* 


% 


10.1-812 

63-6.9 


pH 


pH 


Avoid >6.5 s 


•Ranges over which significant differences in risk for affected cats were identified by multivariate analysis. Ranges with increased risk 
denoted by "avoid." Reader should see reference For details and limitations of such interpretations, 

*May he related to phosphorus salt used 
’Not considered biologically significant by authors, 

* Urine pH less than 63 could result in metabolic acidosis. 

Data from table obtained from Lekcharoensuk C et ah Association between dietary factors and calcium oxalate and 
phosphate urolithiasis in cats, i Am Vet Med Assoc, 219:1228, 2001. 


are 


in 


magnesium ammonium 


prepared for surgical removal of stones that are not success¬ 
fully removed with voiding umhydropropulsion. 

Once a urolith has been removed, the cat should be fed a 
canned diet, if possible, to decrease the urine concentration of 
stone mineral precursors. It a cat will not accept the new diet, 
water intake can be increased by the use of drinking fountains, 
flavored juices (e,g., ham, tuna], and the addition of ice cubes 
to the cat's water (see Box 266-1 for further suggestions). 


Increasing water consumption is the cornerstone of therapy 
for urolithiasis in human 118 and veterinary medicine. When 
urolith is diagnosed, the cat should be encouraged to consume 
enough water in canned or moistened foods to increase 
the urine volume until the USG is decreased to less than 
1.030. Clients are advised that the urine should be dear, 
colorless, and odorless. USG should be monitored at periodic 
re-evaluations. 
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Figure 266-12 A and B, To 

remove urocystoliths by voiding 
urohydropropulsion, the patient is 
positioned so that the longitudinal 
avis of the vertebral column is 
approximately vertical. As a result, 
uroliths move from the ventral 
portion of the urinary bladder to 
the bladder neck. To expel urocys¬ 
toliths, voiding is induced by 




*4 


& 




i 






Ac 


J 1 


m 


■ 








a 








I 


“W 


.V 




T 






HSlM 


:• 








Ir 
























I 












I 


1 










mi 








K 


L - 


. 




> 


tii- 






rv. 


W{ 


v 


n 














i 




















:w. 


i 




% 


V. 


VA 










V 


-V 


H 






V v-.' V 






%, „ 

, :': V . -v 




i 








,.; ip 


-■ 




r m 


i 


1 




V' 


■ 




* 








•• 


w'. r 

’nis : T“ 

wt*. 

r i-.vx 


t*. > 






* 




mi 




r 




t *V 






■ 


r * 








«■ 






> vy 






• • 














%«:• 




2 i. 








■ Li 






I 


Ai 




V ■> " 










V. 1 


■ 


Cr- 


m m 


V 






1 * 










1- 










4* 


1 




• ■ ■. 




il’-R 








■A 


T 








■ 




L 




V 


■ ■ 




■ .1 


■. 


- • 






& 




■ 


> 








v 


Vl 


Pi 


i 


PM 






v, 


“fv-,:; «>. 

■r. ■ ■ • 


1 


& 








■ ■ 


i 


* 












A 








SWt 1 




. ’.i 1 


.1 




■ 


• • 






>4 








_ i 


%• 


i - •. 




n 


■ 


w 














V. 




E 

- ? ‘ 




7 • 










V. 




73 %v' 


-/ a 






® & 








11. 


■a 




■ 










% 




'PS 

ul 




r. 






•" 


:-.T ■ 








I 


r,- 

if n*^ 




'1 




Vi 


L M- 


'■i- 




;£ya; 




■ 






v V 


3 


■ . 






An 








■ 


’■r 








V*. 


Tm. 


XT', 


■>. 








t 








V 


1. 


■« 




V 


1 


■ i„T 








K 




n 




k; 






y- 




fS 












L 




§ 


■ 




\ 


»V.. 




V 


I 


-1 




■'if* 


■ ■ 1 




>TT- 






■ 


r. 




■ 






• ■ 




V, 


■A 


STS 

i.. 










■ ■ 


TM, 


■ 


•m\ 




1 




■_V 


F 






* 


V. 


pV 


ft 












■ 




- 












f 


V- 


V 


i 






■V 


f 




■ ■ 








4 










T 




V.- 




■ VA 1 










■ 






V. 










J-% 




■ • 


f i. 


■ 


1 






A 












v 






'■ - 


■va, %\ 


Tai 


m 


.CY‘ 


* \ , 


■= 




■ 




w 




i 




«■ 




v 


*■ 




igital pressure to 

the urinary bladder, (From Lulich 

JP, Osborne GA: Management of 
urocystoliths by voiding urohydro- 
propulsion. Disorders of the feline 
lower urinary traa II. Diagnosis 
and therapy. Vet Clin North Am 
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Struvite Urolithiasis Management In cats with stru¬ 
vite urolithiasis without a UTI, urinary acidifiers played a 
more important role until most commercial cat foods were 

reformulated to reduce urine pH, Urine acidifiers should only 

he given to cats with urine pH greater than 6,5 measured 
under ad libitum feeding conditions. Ideally urine should be 
collected from the cats in their own environment, and the 
sample brought to the hospital for assessment of pH and 
specific gravity. A urinary pH meter is reported to be more 
accurate than urine dip strips. 1 Although the addition of 
D,L-methionme and ammonium chloride decreases the struvite 
activity product and sediment in the urine of healthy cats, this 
supplementation failed to reduce the urinary concentration of 
the HCL-insoluble fraction that may be a candidate for the 
matrix of struvite uroliths, 12 " Ingestion of large quantities of 
urinary acidifiers can cause anorexia and systemic acidosis. A 
number of veterinary diets to help prevent the recurrence of 
struvite stones are available (Table 266-4 and Box 266-3); 
although these diets may be of benefit, none have evidence-based 
outcomes documenting their effectiveness in prevention of 
recurring struvite urolithiasis. Feeding patterns also may 
influence the development of struvite uroliths due to an 
increase in pH (postprandial alkaline tide) that may occur 


after a meal in meal-fed cats, depending on diet composi¬ 
tion. 121 Therefore ad-libitum feeding in cats with struvite 
uroliths seems prudent. 

If a struvite urolith was diagnosed with a recurrence, feed¬ 
ing a canned form of a calculolytic diet has been reported to 
induce dissolution of struvite calculi in female cats. 1:2 
Calculoylysis usually occurs within 1 month. Caution should 
he observed when considering use of calculolytic diets; the 
diets should not be fed to growing kittens or to pregnant or 
la eta ting queens. 

Calcium Oxalate Urolithiasis 

Calcium oxalate stones are the most common stone type in 
people, and their incidence has been increasing in cats during the 
past 15 years, 114 These stones are composed of calcium oxalate 
monohydrate (whewellite) or calcium oxalate dihydrate (wed- 
delite). Oxalate frequently is not detected by qualitative analy¬ 
sis, and quantitative analysis is necessary for diagnosis. Calcium 
oxalate calculi usually are white and hard. They often have 
sharp, jagged edges and may be single or multiple in number 
[Figure 266-13). Although they are found most often in the 
bladder and urethra, when stones appear in the kidneys they are 
most likely calcium oxalate. Calcium oxalate uroliths frequently 


Table • 266-4 


Restricted Mineral Diets for Cats 


Cat 


Amount Per 100 kcal 


Mfg. Weight 


Energy Protein 
kcal/con g 


CHO 


Fiber Ca 


K 


a 


pH 


Fat 


Diet 


P 


Na 


Mg 


CANNED 
Average Values* 
Struvite 
c/d-5 


G 


9 


9 


9 


mg mg 


mg 


mg 


mg mg 


range 




280 200 180 20 


260 


n 


6 


3 


0.4 


NA 




0 




HU 156 

NIL 156 

lAM 170 
PUR 156 
S/O Control pH WAL T65 
Oxalate 

c/d-Oxl 

Mpd pH/O 
S/O Control pH WAL 165 


164 


9.9 


5 


143 114 

130 109 

242 190 


133 


191 


13 


286 


6.2 -6,4 

5.9 * 6,1 

5.9-63 
5.9 - 6.3 
63-6.5 


0.5 


6 




s/d 


215 


8.8 


7.1 3,3 

6.2 3,5 

7.6 3.4 


0.4 


181 196 9 


348 


Low pH/5 


198 


9.5 


0.2 


95 


181 


21 


138 


UR 


217 


8.6 


0.02 190 


170 90 


200 


10 


290 


175 


7.5 


8 


1.9 


0.2 


170 


210 


210 


210 


15 


180 


0 


MIL 156 

IAM 170 


162 


9,5 


4.5 


7.4 


0.2 


125 


67 


202 


20 


115 


6.6 - 6.8 

6.3 - 6.9 

63-6.5 


154 


198 


9.1 


5.9 


3.2 


0.2 


173 


99 


267 


21 


147 


175 


7.5 


8 


1.9 


0.2 


170 


210 


210 


210 


15 


180 


0 


Mfg. Weight 


Energy Protein 
kcol/cup G 


Fat CHO Fiber Ca 


P 


Mg 


a 


pH 


Diet 

DRY 

Average Values * 

Struvite 

c/d-S 


Na 


K 


G 


9 


9 


9 


mg 


mg 


mg 


mg 


mg 


mg 


range 


8,5 


3,8 


10 


0,6 280 


260 


180 


105 


25 


180 


NA 


6.2 - 6,4 

5.9 - 6,1 
5.9-63 

5.9 - 6.3 
63 * 6.5 


HtL 76 
MIL 122 
IAM 102 
PUR 221 
S/O Control pH WAL NA 

O xa late 
c/d-Oxl 
Mod pH/0 

S/O Control pH WAL NA 
SEMI-MOIST 
Struvite 
UR Formula 


8.5 


4,1 


103 


0,2 197 


184 


106 


210 


15 


s/d 


521 


7.4 


5.8 


6.6 


0.2 


165 


151 


193 


16 


191 


Low pH/5 


441 


7.8 


3.9 


8 


0.4 


203 


112 


198 


18 


UR 


20 


260 


8.3 


2.7 


10.7 


03 260 


200 


60 


200 


390 


8,8 


220 230 15 


510 


4.7 


8.3 


0.5 


170 


210 


MIL 76 
IAM 105 


286 


8.5 


10,2 


0.3 


196 


162 


85 


209 20 


244 


6.6 - 6,8 
63-6.9 
63 - 6.5 
range 


4.1 


451 


7,6 


3.9 


8 


0,4 238 

0,5 170 


205 


104 


305 


19 


151 


390 


8.8 


4,7 


8.3 


210 


220 230 15 


510 


kcat/cup g 


G 


9 


mg 


mg 


mg 


mg 


mg mg 


9 


9 


30 


130 


5.8-6,2 


PUR 42 


120 


9,7 


3.7 


6.5 


0.3 370 400 60 


190 


Diets listed in alphabetic order by manufacturer. Common veterinary diets restricted in mineral contents and formulated to hr acidifying or 
maintain a neutral pH. Although dry foods arc listed for completeness, canned food is recommended for cats with a history of urolithiasis. 
‘Average values of commercial and specialty foods. Mfg, Manufacturer; HIL, Hills Pet Food Company; IAM, lams Company; PUR, Nestles 
Purina Pete a re Company; WAL , Waltham; CHO, carbohydrate. 
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Suggesrtofts to Help Clients Change 
their Cats f Diets 


Changing a cat to a new food may not seem easy or 
convenient at first, but it may be necessary for some cats 
with feline idiopathic cystitis (FfC) and urolithiasis. To help 
clients and their cats through this process, the authors 
offer the following suggestions, collected from clients and 

cats that have successfully made the change. 

1- Before starting to change diets, be sure that the cat is at 
home, feeling better* and eating its usual diet normally 
Never begin the recommended diet while the animal is 
stii I hos pita I ized. 

2. A simple way to start Is to offer the new food in the 
cat’s usual feeding bowl next to the old diet in a 
different bowl. Putting both foods in similar bowls can 
make the change somewhat easier. If the cat eats the 
new diet readily, then old food can be removed, if the 
cat does not eat the new diet after 1 hour, take it up 
until the next feeding. At the next feeding, repeat the 
process, always providing fresh new food. Once the 
new diet becomes familiar to the cot (usually in 1 or 

2 days), it should start eating it readily When this 
occurs, start to decrease the amount of the old diet 
offered by a small amount (about 25%) each day until 
the change is complete. Using this strategy, the change 
should be completed over a period of 1 to 2 weeks. 

3. If necessary, small quantities (less than a tablespoon 
per cup or can of food) of the cat's favorite food, or 
meat or fish juices can be mixed with the new food 
initially to make it more appealing* 

4. Cats should be fed in a quiet environment where it will 
not be distracted or startled by humans or other pets. 

5. If a cat has food available all the time and refuses the 
new diet, it may be easier to start by changing its 
feeding schedule to meal feeding by only leaving food 
out for 1 hour at each feeding time, if the cat does not 
eat all its food every day, this may be normal. No more 
than a 10% loss of weight should occur during this 
transition. If the inappetence continues* offer the cat's 
regular favorite diet once again. After 3 to 4 weeks 
different diet may be tried once agoin. Fortunately, 
several diets are available for certain diseases, and 
certain cats might prefer one over the other. 


,--Avr 


•m 
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Figure 266-13 Calcium oxalate stones obtained from a cat 
after a cystotomy. 


pH reciprocally increased risk of calcium oxalate uroliths. 1 u 
Other dietary risk factors -or cats with calcium oxalate 
urolithiasis were evaluated in this study, and the reader is 

referred to Table 266-3 ♦ 

Results have shown that differences in breed, age, sex, and 
reproductive status did not contribute to the apparent recip¬ 
rocal relationship between occurrences of calcium oxalate and 
struvite uroliths in cats. 116 Indoor housing has also been 
reported to be an independent risk factor for calcium oxalate 
urolithiasis. 121 It has been suggested that indoor cats could 
void less often and allow a longer period for urolith-forming 
products to aggregate in the bladder. 

Although urinary acidifiers can enhance the solubility of 
struvite crystals in cats, they also promote release of calcium 
carbonate from bone, resulting in hypercaiciuria. 124 Acidosis 
may be associated with decreased urinary citrate excretion 
and thus may predispose to calcium oxalate stone formation 
in humans. L2? Citrate forms a soluble complex with calcium 
and may normally be an inhibitor of calcium oxalate forma- 
tion in humans, but this has not been studied in cats. Oxalate 
is derived both from the diet and endogenously from the 
metabolism of ascorbic acid (vitamin C) and the amino acid 
glycine. In human beings, increased dietary oxalate, increased 
colonic absorption of oxalate secondary to fat malabsorption, 
vitamin deficiency, and inherited defects of oxalate 

metabolism may predispose to the formation of calcium 
oxalate stones. What, if any, role these and other diet-related 
factors play in naturally occurring oxalate urolithiasis in cats is 
not known. 

Breeds reported to be at risk for calcium oxalate uroliths 
include ragdoll, British shorthair, foreign shorthair, Himalayan, 
Havana brown, Scottish fold, Persian, and exotic shorthair 
cats. The Birman, mixed breed, Abyssinian, and Siamese cats 
had significantly lower risks for developing calcium oxalate 
uroliths. 116 As mentioned previously, cats with calcium 
oxalate urolithiasis are generally older than cats with struvite 
urolithiasis. Cats 7 to 10 years of age are reported to be 
67 times as likely to develop calcium oxalate uroliths as cats 
between the ages of 1 and 2 years. 116 Male cats were reported 
to be one and a half times as likely to develop calcium oxalate 
uroliths and neutered cats were seven times as likely com¬ 
pared with sexually intact cats. 

Cats with calcium oxalate uroliths should have their 
serum analyzed to evaluate for the presence of hypercalcemia, 
a risk factor for stone formation. Correction of hyper¬ 
calcemia is important to prevent recurrent stone formation. 
Early intervention could prevent subsequent complications, 


a 


recur. If a LTl is present, it is usually a complication rather than 
a predisposing factor to oxalate urolithiasis. 

The research implicating magnesium as a potential cause 
of struvite urinary' stone disease in cats seems to have led cat 
food manufactures to restrict the magnesium content of diets, 
and add ingredients to promote more addle urine in an attempt 
to minimize the struvite-promoting potential oftheir products. 

Unfortunately, an increase in the frequency of calcium oxalate 
urolithiasis appears to have occurred since these modifications 

began. Between 1984 and 1995 the proportion of calcium 

oxalate stones submitted to the University of Minnesota 
Urolith center increased from 2% to 40% J 23 Studies 


assessin g 

the diet risk factors in cats with urolithiasis have reported that 
diets formulated to decrease risk of struvite uroliths by reducing 
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Administration of citrate as potassium citrate (Urocit*K®) 
could be helpful because urinary citrate may act as an inhibitor 
of calcium oxalate formation, and its alkalinizing effect may 
reduce bone release of calcium, although no data are available 
from clinical studies. Beyond this effect, therapeutic manipula¬ 
tion of urine pH is not known to be beneficial because oxalate 
solubility is relatively unaffected by a wide range of urine 
pH. The recommended dose of potassium citrate is 100 to 
150 tng/kg/day but it is unclear if this dose will actually increase 
urinary citrate in cats. A number of commercial diets that have 
been used in attempts to prevent recurrence of oxalate stones 
are available and listed in Table 266-3, but no evidence-based 
outcomes of their use have been published. 

Urate Urolithiasis 

When evaluating mineral composition of 20,343 feline 
uroliths at the University of Minnesota Urolith Center, only 
5.6% were composed of uric acid and urate. 132 Urate stones in 
cats are composed of uric acid and the monobasic ammonium 
salt of uric acid (ammonium acid urate). Calcium oxalate may 
be a secondary component of some urate stones, and those 
found in cats with portosystemic shunts often contain struvite 
in addition to urate. 123 Often times, the cause or causes of 
urate urolith formation are unknown. Urate calculi are small, 
brittle, spherical stones with concentric laminations. They 
usually are multiple in number and light yellow, brown, or 
green in color. They are found most often in the bladder and 
urethra, and the recurrence rate may be as high as 30% to 
50%. When it occurs, UTI is a complication of urate urolithi¬ 
asis rather than a predisposing cause. 

Urate Management Attempts to dissolve urate stones have 
not been successful, and surgery or voiding urobydroprapul¬ 
sion is required to remove stones. Dissolution and prevention 
protocols for dogs include some combination of urine dilution, 
low-purine diet, alkalinization of urine, and allopurinoh 
Dissolution of an ammonium urate stone in a cat was reported 
to occur using a combination of allopurinol and a diet rela¬ 
tively low in purine precursors. 132 Although allopurinol will 
reduce the formation of uric acid, xanthine uroliths can occur, 
and the efficacy and potential toxicity of allopurinol in cats 
are not known. 


such as renal failure. Altered calcium metabolism may play a 

role in development ol oxalate urolithiasis in some cats. Mild 

hypercalcemia was reported from the University of Minnesota 
Urolith Center in 35% of cats with calcium oxalate uroliths. 1 - 3 
In a recent study of hypercalcemie cats, t2ti caldum oxalate 

urolithiasis was noted in II of 16 (69%) with LUT signs. Of 
these, 73% had caldum oxalate urolithiasis. In a series of case 
reports, five cats with hypercalcemia and caldum oxalate 
urolithiasis presented for evaluation of LUT signs also had 
been fed an acidifying diet or received urinary acidifiers (D,L- 
methionine), 127 Seven of 20 cats (35%) had urolithiasis in a 
series of cats with idiopathic hypercalcemia. f2fi in four cats 
that were evaluated, all had elevated urinary fractional excre¬ 
tions of calcium (Figure 266-14). Calcium oxalate urolithiasis 
has also been reported in a cat with a functional parathyroid 
adenocarcinoma . m 


Calcium Oxalate Management 

Attempts to dissolve calcium oxalate stones have not been 
successful, and surgery' or voiding urohydropropulsron is 
required to remove stones. Postoperatively t a diet restricted in 
calcium and oxalate seems logical, but no evidence-based 
studies in cats with naturally occurring disease are available to 
support this recommendation. Moreover, high intake of 
dietary calcium appears to decrease risk for symptomatic 
kidney stones in humans, whereas intake of supplemental 
calcium may increase risk. Thus the timing and association 
with intake of other nutrients may also influence the role of 
calcium and other nutrients on stone formation, and these 
effects may be different in animals with naturally occurring 
disease than in healthy cats. Reducing only one of these min¬ 
erals could increase the availability of the other. Dietary phos¬ 
phorus should not be excessively restricted because reduced 
phosphorus could result in increased activation of vitamin 

to calcitriol by Da-hydroxylase in the kidney and cause 

increased intestinal absorption of calcium. In addition, urinary 
pyrophosphate derived from the diet may function as an 
inhibitor of calcium oxalate formation. Magnesium intake 
should not be restricted because it may serve as an inhibitor 
of calcium oxalate formation. Caution should be practiced if 
using dietary salt-supple men tat ion to manage LUT signs (by 
increasing water consumption), especially in cats with reduced 
renal function 131 (cardiovascular disease or hypertension). 
Avoidance of Vitamin C is recommended because ascorbic acid 
is a metabolic precursor of oxalate, but no stones have been 
reported to develop in cats due to use of vitamin C 










Cystine Urolithiasis 

When evaluating mineral composition of 20,343 feline urolith 
at the University of Minnesota Urolith Center, only 0,2% 
were composed of cystine. 132 Approximately two thirds of the 
stones were located in the bladder, and slighdy more than 
one fourth of them were voided. Cystine uroliths are usually 
identified in middle-aged to older cats. 133 Most cats with 
cystine uroliths are DSH, but Siamese cats appear slightly 
over-represented. Bacterial UTls are usually a consequence of 

cystine uroliths and not a cause. Although the cause of cystine 
uroliths is unknown, cystinuria results From 
defect in renal tubular transport of cystine and other dibasii 
amino adds (ornithine, lysine, and arginine). Not all animals 
with cystinuria develop cystine uroliths; therefore the crystals 
appear to be a predisposing factor rather than a cause. 

Management of Cystine Urolithiasis In addition to 
increasing urine volume in cats with cystine uroliths, cystine 
becomes more soluble as the pH increases. Therefore a non- 
acidifying canned food seems appropriate. (2-mercaptopro- 
plonyl-glycine) glycine (2-MPG), which decreases the 
concentration of cystine by a thiol-disulfate exchange reaction 
resulting in a more soluble compound, has been reported to be 
of benefit in preventing recurrent cystine uroliths in a cat 
No adverse effects were documented in this one cat. Potassium 
dtrate can be used to further alkalinize the urine if necessary. 


hereditable 
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Figure 266-14 Radiograph of a cat with calcium oxalate 

stones in the renal pelvis and ureter. The cat was subsequendy 
diagnosed with idiopathic hypercalcemia. 
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Sodium bicarbonate is not recommended because dietary 
sodium may enhance cystinuria. 

Bacterial and Vital Cystitis When interpreting the urinal¬ 
ysis, caution should be taken when reporting bacteria from 
the sediment. These "bacteria" are likely the result of cellular 
breakdown products in die urine that exhibit brownian 
motion and look similar to bacteria. Antimicrobials should be 
administered based on quantitative urine cultures and sensi¬ 
tivities. Bacterial UTls are rare in cats but are more common 
in those with defenses that are compromised due to other 
diseases or treatments. Cats with previous urinary catheter¬ 
izations, perineal urethrostomies, and tube cystostomies 
are more susceptible to infections. 71 Cats over 10 years of 
age with LUT signs have been diagnosed with bacterial 
UTls in greater than half of the cases, often in association with 
renal failure. 134 The bacteria that cause UTls tn cats are similar 


to other species with Escherichia coli being the most common 
isolate. The gram-positive cocci such as staphylococci and strep- 
tococc i account [-or the next most comm on ist >1 ates, 13 ' 5 

Investigation of viruses as a causative agent of LUT signs 
began in the 1960s. Virus-like particles (suspected to be cali- 
civirus) were identified in the matrix of urethral plugs from 
some male cats with urinary obstruction. 123 The isolation of 
feline calicivirus, bovine herpesvirus 4, and feline syncytia- 
forming vims from cats with naturally occurring LUT signs 
has also been reported. 336 Most recently, Rice and colleagues 
documented feline cal id vi ruses (FCVs) from one female 
cat with FfC and one male cat with obstructive FIC in the 
40 cats they evaluated. These viruses (FCV-U1 and FCV-U2, 
respectively) were genetically distinct from other known vac¬ 
cine and field strains of FCV, What if any relationship viruses 
play in the etiopathogenesis in LUT sign in cats remains 
unknown. 


137 


Canine Lower Urinary Tract Diseases 


lorry G. Adorns 
Harriet M. Syme 


ANATOMY AND PHYSIOLOGY OF THE LOWER 
URINARY TRACT 


hypogastric nerve {facilitating relaxation). Afferent (sensory) 
information from stretch receptors in the bladder wall travels 
via the pelvic nerve to the spinal cord. Sensory information is 
also transmitted via the hypogastric nerve when overdisten- 
sion of the bladder occurs. Afferent information from the 
urethra is transmitted via the pudendal nerve. 


The function of the urinary bladder and urethra is storage and 
voiding of urine. The urinary bladder acts as a low-pressure 
reservoir for storage of urine until voiding occurs. The urinary 
bladder consists of the detrusor muscle (smooth muscle), sub¬ 
mucosa, mucosa (composed of transitional epithelium), and 
serosa. The ureters enter the urinary bladder on the serosal 
surface and tunnel though the bladder wail obliquely to the 
mucosal surface. The oblique path of the intramural ureter 
results in a valvelike effect termed the vesicoureteral valve. 
The vesicoureteral valve, along with ureteral peristalsis and a 
compliant bladder, promotes unidirectional flow of urine to 
aid in prevention of ascending infection or urine reflux to the 
kidneys. A protective glyeosaminoglycan layer coats and pro¬ 
tects the bladder urothelium, which if defective may increase 
bladder permeability. 1 

The detrusor muscle is continuous with the smooth 
muscle of the urethra and helps form the internal urethral 
sphincter. The internal urethral sphincter is not an anatomi¬ 
cally distinct sphincter; rather, it is a functional sphincter 
involving the proximal urethral and bladder neck. 

The innervation of the lower urinary’ tract (LUT) includes 
sympathetic, parasympathetic, and somatic innervation. The 
internal urethral sphincter is innervated by sympathetic (a- 
adrenergic) innervation from the lumbar spinal cord (L1-L4) 
via the hypogastric nerve. The external urethral sphincter is 
composed of skeletal muscle and receives somatic innervation 
from 51 -S3 via the pudendal nerve. The detrusor muscle of 
the urinary bladder receives parasympathetic innervation 
from SI-S3 via the pelvic nerve (causing contraction) and 
sympathetic innervation (p-adrcnergic) from LI-L4 via the 


CLINICAL SIGNS OF LOWER URINARY 
TRACT DISEASE 


Dogs with LUT disease most commonly have signs of inflam¬ 
mation or irritation of the bladder and urethra (such as 
dysuria, pollakiuria, or stranguria), discolored urine (due to 
hematuria), urinary incontinence, or inability to effectively 
void urine. Refer to Chapters 29 to 31 for an overview of 
these clinical syndromes. Dogs with clinical signs that suggest 
localization to the LUT (e.g., dysuria, pollakiuria and stran¬ 
guria) may also have disease of the upper urinary tract such as 
extension of lower urinary tract infection (UTI) to the ureter, 
renal pelvis, and renal parenchyma. 

Animals with rupture of the bladder or urethra often have 
systemic signs of uremia (anorexia, lethargy, vomiting, and 
diarrhea), along with indications of fluid accumulation in the 
abdomen or subcutaneously. Subcutaneous urine leakage may 
cause tissue necrosis and sloughing of the overlying skin. 


DIAGNOSTIC APPROACH TO LOWER URINARY 
TRACT DISEASE 


. _ .1 


The reader is referred to Chapter 257 for an overview of the 
diagnostic approach to dogs with urinary tract disease and 
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Chapter 188 for neoplasia of the urinary tract. For dogs with 
signs of LUT disease, the minimum diagnostic evaluation 
should include history, physical examination, and urinalysis. 
If possible, the initial evaluation should also include urine 
culture, complete blood count (CBC), serum biochemistry 
profile, abdominal radiographs, and ultrasound oi the urogen¬ 
ital tract. A thorough history should include frequency and 
volume of urination, estimated daily water intake, color of 
urine, any abnormal odor of the urine, evidence of straining or 
pain during urination, and evidence of urinary incontinence 
including age of onset, when incontinence occurs (awake, 
asleep, or continuous), and frequency of incontinence. The 
physical examination of dogs with signs of LUT disease should 
include abdominal palpation, digital rectal examination, visual 
and digital examination of the external genitalia, and neuro¬ 
logic examination of the pelvic limbs and perineal region* 

Cystoscopy 

If a cause of LUT disease has not been determined from routine 
diagnostic evaluation, transurethral cystoscopy (also termed 
urethrvcystoscopy) should be considered. Cystoscopy is becom¬ 
ing an integral part of the diagnostic evaluation of dogs with 
recurrent or persistent LUT disease. 2 Although minimally inva¬ 
sive, cystoscopy does require general anesthesia to minimize 
movement* Cystoscopy is more sensitive than excretory radio¬ 
graphy for identification of ectopic ureters and associated 
anatomic defects (Figure 267-1). 3 Cystoscopy is also useful for 
diagnostic evaluation of dogs with recurrent urinary tract 
infection (UTT) to evaluate for anatomic defects and to obtain 
biopsies for cytology, histopathology, and microbiologic culture. 

Cystoscopy is useful for documenting the extent and 
location of LUT neoplasia and for obtaining biopsies for cytol¬ 
ogy and histopathology from lesions within the bladder or 
urethra. Using cystoscopy allows the source of gross hematuria 
to be localized to the genital tract, urethra, bladder, and left or 
right kidney and ureter with more certainty than by attempting 
to predict the source of hematuria based on when this is noted 
during voiding. Box 267-1 lists indications For cystoscopy.- 1 

Diagnostic Imaging Abdominal radiographs are an integral 
part of the diagnostic evaluation of dogs suspected of having 

LUT disease. Abdominal radiographs should include the 


267-1 


Indications for Cystoscopy 


Localization of source of hematuria 
Urinary tract neoplasia 

Determine extent and location of neoplasia 
O bta i n bio psy for cytolog y a nd h ist o p athoI og y 
Recurrent urinary tract tnl^tions (UTls) 

*•.' ‘ ‘ .V — . * V ( . V.. "it V... ' *^. *T > % * 'ViV • 'A ^ ■?. TftViVW\.'• Vi ■ V « h . T.. 

Conduct examination for anatomic abnormalities or f; 

• • ■ • • • • • ■ * i Tr,ji • • I • ■ • F* ■■ I* J 0 ■ •• c 

I I • |»jl •WV- • _ Ti W • n " " ^ • V« > • • •’ ■ • i r - j ■ • / • ■ • 

uroliths 

Obtain biopsies for cytology, histopathology, and 
||f|| culture 
Urinary tract trauma 

Examine for perforations, ruptures, and potency of 
urinary tract 
Urinary incontinence 

' ^ • • 4 * • • _ fe » ■ » • • • • L I* 1 • I* | W • * • ■ * * * I * 

Examine for ectopic ureters and/or urethral 

mH anomalies 

Give periurethral lnjection of bulk-enhancing agents 
for treatment 

— . T f T 1 r , v. v,; : ,;. ii v.;. 1- , o - r M . * . t B T ; fc Ky- . -V./ "* •. 

Urolithiasis 

Confirm and remove small uroliths from bladder 
or ureth ra 

Obtain uroliths for quantitative analysis ond culture 

Retrieve uroliths from bladder or urethra using stone 

forceps or-stone basket; v ; , _ T J|| : ■ '■; . 

Fragment urocystoliths with electrohydraulic or laser 

lithotripsy 

Flush bladder using Ellik evacuator to remove small 

uroliths or urolith fragments 














entire urinary tract from the diaphragm to the caudal most 
portion of the urethra. Although the common anatomic land¬ 
mark for distal collimation of abdominal radiographs is the 
coxofemoral joint, this is inadequate for evaluation of the 
urethra caudal to the pelvis, especially in male dogs (Figure 
267-2). Failure to include the entire urethra may result in fail- 
to diagnose uroliths in the urethra and potentially inef¬ 
fective therapy such as incomplete surgical removal of 
uroliths. Abdominal ultrasound examination of the urogenital 
tract is a useful complement to abdominal radiographs when 
available to the practitioner although this modality has 
the limitation that, unless transrectal ultrasonography is also 
preformed, the urethra will not be visual! zed. 

Abdominal ultrasound examination of the urogenital tract 
combined with cystoscopy) reduces the use ol con trast radio¬ 
graphic evaluation of LUT disease. However, contrast radio¬ 
graphs are still required for evaluation of some animals. 
Positive-contrast urethrocystography is the preferred tech¬ 
nique for urethral defects such as delineating the extent and 
location of urethral strictures or extramural compressive 
lesions that preclude passage of the cvstoscope. Positive* 
contrast urethrocystography is the preferred technique for 
diagnosis of pelvic bladder and rupture of the LUT (if cys¬ 
toscopy is not available). Double-contrast cystography is the 
preferred technique for evaluation of the bladder lor detec¬ 
tion of radio lucent uroliths and mass lesions. 

Vrodynamics Urodynamic evaluation is indicated for eval¬ 
uation of dogs with refractory urinary incontinence, although 
urodynamic equipment is only available at selected referral 
hospitak Urethral pressure profilometry can con firm a diagnosis 


ure 


Figure 267-1 Cystoscopy showing an ectopic ureter opening in 
the proximal urethra along with abnormal urethral confirmation. 
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held in solution. These solutions are described 
metastable (Figure 267-3), As the concentration rises 

ther r a point is reached at which the substance can no longer be 
held in solution; this is the formation product for the crystal 
(K t ). Because the concen nations of most urolith compone nts in 
urine are in the metastable range, the question we should ask is 
not why some animals form uroliths, but why most do not. The 
ability of urine to hold more solute in solution than pure water 
is due to the many interacting ions that form soluble complexes 
effectively reducing the free ionic concentration of each of the 
com ponents. 

Urolith formation is initiated by the precipitation oi a 
submicroscopic crystal nucleus in the form of a mineral lattice. 
If the crystal forms from a pure solution, this event is termed 
homogeneous nucleation . It is, however, probably more common 
for heterogeneous nucleation to occur in urine, with the crys¬ 
tal nucleus forming on existing surfaces (such as cell debris, 
urinary casts, or other crystals) because this requires a lesser 
degree of supersaturation,*' If the growth of one type of crystal 
occurs on the surface of another, this is termed epiltixial growth. 

Once a crystal nucleus has formed it has the potential to 
develop into a urolith of the same composition, with direct 
crystal growth occurring whenever the urine is supersaturated 
for that substance. Crystal growth requires a lesser degree of 
supersaturation than crystal nucleation. Direct crystal growth 
is a relatively slow process and unlikely to account for the 
development of most uroliths, particularly nephroliths* which 
must form in the time that it takes the urine to pass along 
the renal tubule. It is proposed that a combination of crystal 
growth and crystal aggregation occurs in most humans 
develop uroliths.** In contrast to direct crystal growth, aggre¬ 
gation of crystals can occur rapidly Humans that develop 
nephroliths excrete large crystal aggregates, whereas the urine 
of nonstone formers contains only small crystals. 

A final important factor in the development of uroliths is 
the retention of crystals or aggregates of crystals within the 
urinary tract* Crystalluria is a normal phenomenon in dogs; 
the exit of crystals from the urinary tract must be delayed for 
uroliths to develop. 

In summary, the known causes of urolith formation can be 
divided into those that favor nucleation; those that promote 
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Figure 267-2 A, Abdominal radiographs from a dog with 

calcium oxalate urocystoliths and urethroliths. Reader should 
note that if the radiographs were collimated at the coxofemoral 
joints (solid white line J* only one of the five urethroliths (arrow¬ 
heads) would have been detected. B, Calcium oxalate uroliths 

from the dog in A, Uroliths were removed by retrograde urohy- 
dropropulsion and cystotomy. 
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of urethral incompetence. 5 - 6 Cystometrography may be used 
to diagnose detrusor instability (so-called overactive bladder), 
which may be due to a variety of inflammatory diseases of the 
LUT or may be idiopathic. 7 Some dogs with refractory urinary 
incontinence may have mixed incontinence caused by both 
urethral incompetence and concurrent detrusor instability. 
Urodynamic testing allows for identification of the type and 
severity of urethral or detrusor dysfunction. 5 


(Kf) 


Crystal growth will occur 


Crystal aggregation will occur 


<U 


3 


£ 




Inhibitors impede or prevent 


fa 






crystallization 


UROLITHIASIS 


De novo nucleation is very slow 


Urolith Kinetics—For mot ion and Growth of Uroliths 

A prerequisite for urolith formation is that urine is supersatu¬ 
rated, at least intermittently, with that compound. The point at 
which saturation of water with the pure chemical components 
of th e crystal occurs is referred to as the thermodyna mic sol util¬ 
ity product (K pp ), However, the concentration of most urolith 
components in urine is actually greater than this, vchich can only 
be accomplished because urine contains inhibitors of crystal 
formation, which allow higher concentrations of solute to be 


Heterogeneous nucleation may occur 


Solubility 

product 




(K*p> 


Crystals do not form 
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Increasing 
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Figure 267-3 States of saturation related to the formation of 

crystals in urine. 
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Crystalluria 

By convention* microscopic mineral precipitates within urine 

called crysfats, and macroscopic precipitates are called 
uroliths or calculi * The presence oi crystalluria is not synony- 

with disease, although it does signify that the urine is 


both; and those that retain the 


crystal growth, aggregation, or 

urolith within the urinary tract so that further growth may 

The importance of each of these mechanisms depends 
the type of the urolith that is forming. Formation of some 
types of uroliths occurs principally (although not exclusively) 
because the concentration of solutes in urine is much higher 

than normal (e.g 
Prevention of these ty pes of uroliths is primarily directed at 
reducing the amount of solute excreted and promoting its 
solubility in urine (eg., by manipulating urine pH). On the 
other hand, formation of calcium-containing uroliths (princi¬ 
pally calcium oxalate) is much more complex. 

Urine is probably always supersaturated with respect to these 
compounds. Although increased urinary excretion of calcium 
or oxalate does play a role in the pathogenesis of urolithiasis, 
factors that complex calcium or oxalate in solution, reducing 
their effective concentrations (e.g., citrate) and that inhibit 
growth or aggregation of crystals (e.g., Tamm-Horsfall muco- 
protein) are of much greater importance in preventing urolith 
formation. These individual mechanisms are discussed in 
more detail in the section on calcium oxalate formation. 


are 


occur. 


on 


mous 

supersaturated with the mineral compound and is evidence 
that a risk exists for the development of uroliths. However, 
crystals may be found in the urine of dogs that do not have, 
and never develop, uroliths. This is particularly true of struvite 
and calcium oxalate crystals in all breeds and urate crystals in 
dalmatians. Conversely, some crystal types are not a normal 
finding and warrant further investigation even in the absence 
of uroliths. These include cystine, xanthine, and (in breeds 

other than dalmatians) urate crystals. 

Crystals that were not present in tnm while the urine was 
in the excretory pathway, often form in vitro as the urine cools 
below body temperature. 0 Ideally, urinalysis should be per¬ 
formed as soon as possible without refrigeration ofthe sample 
when attempting to determine if crystalluria is present. 

In dogs with urolithiasis* the type of crystals found in uri¬ 
nalysis may be helpful for predicting the mineral composition 
of the uroliths, although several caveats exist. Tf the dog's diet 
has been changed between the time of urolith formation and 
diagnosis, the crystals present at the time of diagnosis may be 
different from the mineral component of the urolith. Likewise, 
development or resolution of UTT with urease-producing 
organisms during the urolith formation and growth can 
change the type of crystal present in the urine 


struvite, cystine, and urate uroliths). 


Role of Matrix 

Uroliths are composed of a crystalline component and vari¬ 
able quantities of matrix. The exact role oi matrix in urolith 
formation in humans and dogs is unknown* Although numer- 

proteins and glycosammogiycan have been detected in 
human nephroliths, it is unknown which ones may contribute 
to urolith formation versus simply being trapped in layers of 
the growing urolith. Occasionally, canine uroliths develop that 
are composed solely of matrix. 

In Vitro Assessment of Urolith Formation 

The gpld-stamiard assessment of dietary or other therapeutic 
interventions involves a clinical trial measuring the rate of 
in vivo formation or dissolution oi uroliths. However, the pro¬ 
tracted time course of such trials and the difficulty m study¬ 
ing the effect of a single intervention in isolation has resulted 
in the development of in vitro methods for evaluating tile 
effects of urine composition on urolith formation or dissolu¬ 
tion. The two methods that have been used most frequently 
in veterinary' medicine are the determination of relative 
supersaturation (RSS) and activity product ratios (APRs). 

RSS is determined by measuring the concentration of var¬ 
ious analytes (including calcium, oxalate, sodium, potassium, 
magnesium, ammonium, citrate, phosphate, pyrophosphate, 
and sulphate) in the urine, together with the urine pH, and 
then entering these values into a computer program that 
calculates a value for the ion activity product in the urine 
sample. The ratios of these activity products to the thermo¬ 
dynamic solubility products (K^) of their respective salts yield 
the RSS values, A RSS value less than one represents a urine 
sample that is undersaturated, whereas a RSS value greater 
than one represents a sample that is oversaturated, with 
respect to the compound being evaluated* Limitations of this 
method are that the computer program was optimized for cal¬ 
culations using human urine and that influence of promoters 
and inhibitors of crystal formation, growth, and aggregation 
the measured free ion concentration cannot be included 
in the calculations. This technique has been applied to the 

analysis of urine from both dogs and cats. 11 

APRs are obtained by calculating ion activity products in die 
urine using a computer program in a similar manner to that used 
for determination of RSS. The difference with this method is 
that the measurements are made before and after incubation, 
with a seed crystal of the urolith type being investigated. The 
activity' products will increase or decrease with incubation of the 
seed crystal depending on whether the urine is supersaturated or 
undersaturated with respect to the mineral being evaluated. 


ous 


Diagnosis of Urolithiasis 

Uroliths are usually diagnosed based on results from radiogra¬ 
phy or ultrasonography. Occasionally, dogs have a history of 
voiding uroliths. Although uroliths may be palpated in the 
bladder or urethra, palpation is not a sensitive technique for 
ruling out urolithiasis. When uroliths are detected anywhere in 
the urinary tract, the entire urinary tract should be imaged with 
radiographs and ultrasound (or contrast radiography) to deter¬ 
mine if uroliths are present in other locations (see Figure 267-2). 
Palpation of the external portion of the urethra and digital 
rectal examination of the pelvic urethra should also be per¬ 
formed to examine for urethroliths. Although most uroliths are 
radiopaque and are visible on survey abdominal radiographs, 
some uroliths are radiolucent (or strictly speaking have the 

same radiopacity as 

radiopaque uroliths are too small to be detected. In one tn t/irro 
study, failure rates for detection of uroliths by survey radiogra¬ 
phy were between 2% and 27%, depending on the size and 
composition of the uroliths* H In contrast, the radiographic 
procedures with greatest sensitivity were pneumocystography, 
double-contrast cystography, and ultrasonography using a 
MHz transducer with false-negative results of 11%, 10%, and 
6%, respectively. M Therefore precise determination of the loca¬ 
tion, presence or absence of uroliths requires either ultrasonog¬ 
raphy or contrast radiography. Ultrasonography is preferred, if 
available, because of relative ease, lack of requirement for ure¬ 
thral catheterization, and it also permits simultaneous evaluation 
of the upper urinary tract for nephroliths or ureteroliths. 

Once the number and location of uroliths is determined, 
the next step is to attempt to determine the type of urolith 
present to formulate a treatment plan. Catheter-assisted 
retrieval of uroliths or mechanical removal during cystoscopy 
provides urocystoliths for quantitative analysis. Because qual¬ 
itative analysis methods are unreliable, the preferred quanti¬ 
tative analysis methods are optical crystallography, x-ray 

de fraction, and infrared spectroscopy. 1111:1 

If uroliths are not available for analysis (or pending the 
result of quantitative analysis), the chemical composition can 
often be correcdy predicted from signalment, and results ol 
urinalysis, urine culture, and radiographs (3able 26/-1). 1 '*- 1 
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Two additional imaging approaches for determining urolith 
composition can be used. Weichselbaum and colleagues 1 ** 13 
reported an in vitro method of comparing urolith opacity to 
various concentrations and depths of iodinated contrast sol 
tions to predict urolith composition. 

Information from computerized tomography (CT) may 
eventually provide more objective means of predicting urolith 
composition in dogs The peak attenuation measurements 
(termed Jiounsfield units) of canine uroliths determined in intro 
by non contrast CT was significantly correlated with chemical 
composition in one study confirmation of these findings in vivo 
is required. 20 in humans, CT has become the gold standard 
imaging technique for detection of uroliths, 6 and urolith 
composition can often be predicted from attenuation values 
obtained by micro CT scam m vitro and helical CT in vivo. 21 

Urolith Removal Techniques 

Uroliths that may be medically dissolved include struvite, 
urates, and cystine. 23 - 4 For dissolution to occur, the urolith 
should be surrounded by undersaturated urine to allow the 
crystals to go hack into solution. Therefore the location also 
affects the ability to medically dissolve uroliths; urocystoliths 
and nephroliths are amenable to dissolution but ureteroliths 
and urethroliths are not. 24 Urethroliths may be flushed back 
into the urinary bladder by retrograde urohydropropulsion for 
medical dissolution or mechanical removal. 25 

Cystotomy Surgical removal of uroliths by cystotomy is the 

traditional method of mechanical removal of canine urocys¬ 
toliths. However, use of newer, nonsurgical techniques for 
removal of smaller urocystoliths is increasing. It is notable that 
open surgical removal of uroliths is used in only 0,3% to 4% 
of human patients. 2 ® 

Laparoscopic Assisted Cystotomy A recent report 
demonstrated that laparoscopic-assisted cystotomy may be 
used to remove urocystoliths that are too large to pass though 
the urethra.- 7 This approach minimizes surgical trauma and 
may become more commonly used as veterinarians become 
more familiar with laparoscopic surgery. 

Voiding Urohydropropulsion Voiding urohydropropul- 

the removal of smaller urocystoliths by inducing void¬ 
ing while the dog is positioned vertically so that urocystoliths 
pass with the voided urine (Figure 267-4)Although the 
technique may be performed with the dog awake, genera] 
anesthesia facilitates complete urethral relaxation, preventing 
development ol high mtravesicular pressures that could 
iatrogenic trauma to the bladder wall Cystoscopy may be per¬ 
formed immediately prior to voiding urohydropropulsion 
evaluate the urethra for strictures that would interfere with 
urolith passage. If the bladder is not distended with urine, it is 
distended with sterile saline via cystoscopy or urethral 
catheterization. The dog is positioned so that the spine is 
roughly 25 degrees caudal to a line perpendicular to the 
effects of gravity, such that a line drawn through the urethra 

into the bladder is vertical {see Figure 267-4). The bladder 
agitated, and rime is allowed for the urocystoliths to settle in 
the trigone. The bladder is palpated, and the intravesicular 
pressure is gradually increased by manual compression of the 
bladder to initiate a detrusor contraction* Once voiding begins, 
the bladder is compressed more firmly to attempt to maintain 
maximum urine flow rates, dilate the urethra, and flush out the 
urocystoliths* ! he bladder is refilled with sterile saline through 
a cystoscope or urinary catheter and the process is repeated 
until no urocystoliths are passed with the expelled fluid. Then 
postprocedural radiographs or cystoscopy are performed to 
confirm complete removal of the urocystoliths. Although 
peri procedural antibiotics are sometimes recommended to 
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Figure 267-4 Diagram of a dog positioned for voiding urohy- 

dropropulsion. Reader should note that the trigone of the bladder 
is perpendicular to the effects of gravity, whereas the spine is 
approximately 25 degrees caudal this perpendicular line* 


prevent iatrogenic UTI, this is not required provided proper 
aseptic technique is observed. If significant urethral leakage 
occurs when the dog is positioned vertically, inadequate blad¬ 
der distention may prevent effective voiding of the uroliths. 
If this occurs, a Foley catheter is placed in the urethra with the 
balloon used to obstruct the trigone and the bladder is 
distended with saline. After agitation of the bladder to allow 
the urocystoliths to settle in the trigone, the Foley catheter 
balloon is deflated, the catheter is removed, and voiding 
hydropropulsion is performed as described previously 

Retrograde Urohydropropulsion Retrograde urohy¬ 
dropropulsion is the flushing of urethroliths into the urinary 
bladder, usually performed to relieve urethral obstruction. 35 
General anesthesia is usually required for successful retro¬ 
grade urohydropropulsion. If necessary, the dog or cat should 
be treated by decompressive cystocentesis and fluid therapy 
to correct acid-base and electrolyte imbalances before 
thesia to minimize the anesthetic risk. If the urinary bladder 
is overdistended, the bladder is gently decompressed by cysto* 
centesis using a 22-gauge needle connected to a 60 ml syringe 
by extension tubing and a three-way valve, This lowers the 
urethral pressures proximal to the urethroliths to allow their 
retrograde movement. The largest urinary catheter possible is 
gently passed to the level of the distal calculus. An assistant 
compresses the urethra against the pubis via rectal palpation. 
A 2:1 mixture of sterile saline and sterile aqueous lubricant 
is rapidly flushed into the urethra distal to the obstructive 
calculus while compressing the urethral orifice around the 
catheter to prevent fluid leakage from the penis. An estimate 
of the total volume of flush required is 5 mL/kg of body 
weight or 60 mL, whichever is less. Once the urethra hegi 
to dilate, the proximal (rectal) compression is released while 
flushing continues. If the urethroliths pass retrograde, the 
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catheter is gently advanced to the trigone. If the calculus does 
not move retrograde, the degree of bladder distention should 
he assessed prior to repeating retrograde u ro hy dro p rop u Is i on * 
If necessary, the bladder may be decompressed by cystocentesis 
before repeating the process. Subsequent retrograde Hushes 
done with sterile saline alone, because the urethra is well 
lubricated from the first attempt and saline can be more 
rapidly flushed through the catheter. Successful retrograde 
movement of all urethroliths should be confirmed by cys¬ 
toscopy or radiography. 

The aim of retrograde urohy drop ro puls ion is to flush the 
uroliths into the bladder, not to push them with the urinary 
catheter Pushing against urethroliths with rigid polyethylene 
catheters may result in excessive mucosal trauma, the catheter 
being forced through the wall of the urethra, or the catheter 
being passed round the urolith providing a route for tempo¬ 
rary urine drainage but without moving uroliths back into the 
bladder, Catheter-induced trauma predisposes the dog to 
future urethral stricture formation. 


are 


Catheter-Assisted Retrieval Catheter-assisted retrieval of 
uroliths may be used to collect small urocystoliths for mineral 
analysis, 29 A urinary catheter is placed with the tip located 
within the trigone and the bladder is distended with urine 
sterile saline. Next the bladder is vigorously agitated to 
suspend the smaller uroliths in the urine while rapid aspira¬ 
tion through the urinary catheter results in removal of the 
suspended uroliths along with the urine. If the dog tolerates 
urethral catheterization, this procedure may be performed 
without sedation or anesthesia. 


Figure 267-5 An Ellik evacuator attached to a cystoscope 
sheath used for flushing small uroliths from the bladder. Reader 
should note the uroliths in the bottom chamber 


or 


around the urolith and positioned at the end of the cystoscope 
(Figure 267-6, A}> The cystoscope and basket containing the 
urolith are then slowly withdrawn through the urethra with 
direct visualization to ensure the urothelium does not bulge 
around the urolith edges, which may indicate the urolith is 
becoming wedged in the urethra. This technique may be 
safely used to remove some uroliths that will not readily pass 
during voiding urohydropropulsion; however, caution is 
required to avoid getting the urolith wedged in the urethra, 

Electrohydraulic Lithotripsy Electrohydraulic lithotripsy 
(EHL), the fragmentation of urinary uroliths with hydraulic 
shock waves generated within the bladder lumen, has been 
successfully used to fragment and remove urocystoliths in dogs 
(see Figure 267-6). 30 The procedure requires an EHL generator 
and cystoscopic equipment with a 5F working channel for the 
electrohydraulic electrode. The average treatment time 
than 1 hour to adequately fragment urocystoliths, which 
then removed by use of an Ellik evacuator. Large urocystoliths 
may take several hours to completely fragment by EHL. 

Laser Lithotripsy In humans, laser lithotripsy using the 
holmium laser has become the lithotrite ot choice for frag¬ 
mentation of large bladder calculi, ureteroliths, and 
phroliths^ 132 In humans, holmium laser lithotripsy has 
largely replaced EHL because it is faster and safer than EHL. 


Ellik Evacuator During cystoscopy with a rigid cystoscope 
the telescope is removed, leaving the cystoscope sheath 
in place in the urethra with the tip of the sheath just inside 
the trigone. An Ellik evacuator is attached to the cystoscope 
sheath, and the bladder is rapidly lavaged to flush sterile saline 
into and out of the bladder using the bulb attachment. The 
design of the Ellik evacuator allows the aspirated uroliths to 
gravitate to the bottom chamber while fluid in the top cham¬ 
ber is flushed into and out of the bladder several times (Figure 
267-5). This technique can be used to collect uroliths smaller 
than the diameter oi the cystoscope sheath, and thus it allows 
for removal of larger uroliths than a standard urinary catheter. 
This technique may be used to completely remove small 
uroliths from the urinary bladder or to obtain smaller uroliths 
for quantitative analysis and culture. 

Slone Baskets Stone baskets may be used to remove uroliths 
from the LUT provided the uroliths are smaller than the 
dilated urethra. Stone baskets are usually passed through the 
rkin g ch an nel of the cystoscope, th e b asket is opened, an d 
the urolith is engaged in the basket, the basket is closed 
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Figure 267-6 Fragmentation and removal of cal- 

oxalate monohydrate urocystoliths by electrohy¬ 
draulic lithotripsy (EHL). A, Urocystolith held in a 
stone basket for fragmentation by EHL.The electro- 
hydraulic electrode is visible dorsal to the basket. 

B, The electrohydraulic electrode has been activated 
generating a spark on the surface of the urolith. 
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The holmium laser is absorbed in 0,5 mm of fluid, allowing it 
to safely fragment uroliths within the urethra or ureter.* 6 -* 1 
Also, because of the small diameter of the laser fibers, laser 
lithotripsy can be performed through small-diameter flexible 
endoscopes. Recent in vitro studies confirm that the holmium 
laser can efficiently fragment uroliths from dogs regardless of 
chemical composition , 14 Implanted urethroliths in male dogs 
were safely fragmented by laser lithotripsy using a holmium 
laser. 8 As holmium lasers become more widely available in 
veterinary medicine, this technique may replace cystotomy 
and urethrotomy for removal of uroliths. 

Extracorporeal Shock Wave Lithotripsy Extracorporeal 
shock wave lithotripsy (E5 Wl) is fragmentation of uroliths 
using shock waves that are generated outside the body 
Although ESWL is better suited for fragmentation of uroliths 
fixed in one location such as nephroliths or ureteroliths, uro- 
eystoliths have been successfully fragmented using ESWL, 
Because the urocystoliths tend to move out of the focal spot 
of the lithotriptor, uniform fragmentation does not occur con¬ 
sistently. In treating 14 dogs using ESWL, urocystoliths were 
fragmented into pieces small enough to be removed through 
the urethra in 8 of the dogs in one ESWL session. If the frag¬ 
ments are too large to be removed through the urethra, ESWL 
may be repeated or a secondary procedure may be required 
remove larger urocystolith fragments. 


uroliths, but this does not adequately explain the shift because 
a concurrent relative increase has not occurred in the percent¬ 
age other types of uroliths, 10 Alternatively, increased use of 
diets designed to minimize the risk for struvite uroliths maybe 
increasing the risk for calcium oxalate uroliths (see section 
diet, following}. In humans, caldum oxalate uroliths 
most commonly in the upper urinary tract, whereas in dogs 
and cats th ey occur m uch more commonly in the LUX M i 

Calcium oxalate uroliths occur more commonly in male 
dogs (68% to 71% of caldum oxalate uroliths submitted 
two urolith centers} than female dogs (26% to 32%}/° 42 

Similarly, in humans, men are affected three times more often 
than women; this has been hypothesized to be due to estrogen- 
induced reduction in urinary oxalate and increase in urinary 
citrate excretion in females. 0 Neutered male dogs have increased 
risk of caldum oxalate uroliths compared with intact dogs, 43 
Obese dogs are more likely to form caldum oxalate uroliths, 
which is similar to cats and humans. 8 - 43 Breeds at increased risk 
for caldum oxalate uroliths include the miniature schnauzer, 
Lhasa Apso, Yorkshire terrier, Bichon frise, Pomeranian, ShihTzu* 
Cairn terrier, Maltese, miniature poodle, and Chihuahua, 42 - 44 
In one study, golden retrievers, German shepard dogs, and 
cocker spaniels had decreased risk of caldum oxalate uroliths. 43 
Dogs that produce lower urine volumes and urinate less often 
may be more likely to have caldum oxalate urolithiasis. 45 
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Etiopathogenesis of Calcium Oxalate Urolithiasis 

Excessive urinary caldum excretion (hypercalduria) or oxalate 
(hyperoxaluria} results in increased risk of calcium oxalate 
urolith formation, Caldum oxalate may predpitate on existing 
surfaces such as epithelial cells, cell debris, or other crystals 
(e.g., uric acid, caldum phosphate). This process, known 
heterogenous nudeation , occurs at lower urine saturation for 
caldum oxalate than is required for homogenous nudeation. 
In humans, increased uric acid excretion (hyperuricosuria) 
often contributes to formation of calcium oxaiate urolithiasis 
Urinary excretion of uric add was slightly higher in minia¬ 
ture schnauzers with caldum oxalate urolithiasis than normal 
beagles 46 ; however, because dogs have much lower serum and 
urine uric add concentrations than humans (with the excep¬ 
tion of dalmatians and English bulldogs), 22 hypemrieosuria is 

less likely to contribute to caldum oxalate urolith formation 
in dogs. 


CALCIUM OXALATE UROLITHIASIS 


Caldum oxalate uroliths are usually composed of 100% 
caldum oxalate, although some also contain varying amounts 
of caldum phosphate, 35 - 36 Caldum oxalate is a common com¬ 
ponent of many compound uroliths, Caldum oxalate 
two crystalline forms; (I) caldum oxalate monohydrate 
(whewellite) or (2) caldum oxalate dihydrate (weddellite), 
Caldum oxalate monohydrate occurs more commonly than 
caldum oxalate dihydrate in canine uroliths. Some dogs have 
both forms in different layers of die same urolith. 10 The only 
clinically relevant difference between these forms is that cal¬ 
dum oxalate dihydrate uroliths are more easily fragmented by 
shock waves than caldum oxalate monohydrate uroliths, 26 ' 37 
Calcium oxalate uroliths are radiopaque and often 
multiple smaller uroliths in the LUT (see Figure 267-2). The 
surface characteristics vary; uroliths may be smooth, mulberry- 
shaped, or have sharp projections (see Figure 267-2). Although 
caldum oxalate uroliths are not caused by infection, they may 
be associated with secondary UTls because the presence of 
uroliths may interfere with host defenses against infection and 
contribute to recurrent infections. In one study, 52% of female 
dogs and 32% of male dogs with uroliths that contained 
cal d um oxalate had positive urine or urolith cultures. 36 However, 

compound uroliths that were made up of less than 50% 
caldum oxalate were included in the study, and only about half 
of the uroliths were cultured, which may have resulted in an 
overestimation of the prevalence of UTL Other studies do not 
support an association of calcium oxalate uroliths with UTI 39 

Epidemiology of Calcium Oxalate Urolithiasis 

The percentage of canine uroliths submitted to the Minnesota 
Urolith Center that are composed of caldum oxalate has 
increased from approximately 5% in 3981 to 35% in 1997, 

making it the second most common urolith in dogs. 'Q- 40 This 
is similar to th e increased inddence of caldum oxalate uroliths 
and decreased inddence in struvite uroliths in cats over the 
same time period 10 and in humans over the last 50 years. 8 The 
exact reasons for the shift in prevalence of caldum oxalate 
uroliths in dogs is unknown. Better medical management of 
struvite uroliths may be decreasing the percentage of struvite 
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HypercaJduria Increased urinary excretion of calcium 
(hypercalduria) is a common contributing factor to caldum 
oxalate urolithiasis in humans. 8 Hypercalduria is also 
common finding in dogs with caldum oxalate urolithiasis. 4648 
Hypercalduria is proposed to occur by one of three mecha¬ 
nisms; (1) absorptive hypercalduria , characterized by increased 
intestinal absorption of calcium; (2) renal-leak hypercalduria, 
characterized by a primary renal leak of caldum; and (3) 
resorptive hypercalduria , characterized by increased bone 
demineralization. 8 - 49 Humans and dogs with absorptive hyper - 
calduria have increased intestinal absorption of caldum with 
the excess caldum excreted in the urine (hypercalduria). 8 
The mildly increased serum calcium (from increased intesti¬ 
nal absorption) causes an increased filtered load of caldum in 
the glomerular filtrate and reduced tubular reabsorption of 
caldum due, in part, to suppression of parathyroid hormone 
(PTH) levels by high normal semm caldum concentrations. 
The combination of increased filtered calcium and reduced 
tubular reabsorption causes hypercalduria. The increased 
intestinal absorption occurs in the jejunum and is accompa¬ 
nied by increased intestinal absorption of oxalate, which 
tributes to concurrent hyperoxaluria. Approximately 50% of 
humans with absorptive hypercalduria have increased con¬ 
centrations of 1,25-dihydroxycholecalciferol, causing 

increased intestinal caldum absorption. 8 - 50 In one study, five 


a 


con- 


1859 


CHAPTER 267 ■ Canine Lower Urinary Tract Diseases 


Modifiers of Colburn Oxalate Crystal System In humans 
the degree of saturation of urine for calcium oxalate overlaps 
between normal subjects and those who form uroliths. The 
reason some humans form uroliths and others do not is 
that urine normally contains several natural inhibitors ot 
urolith formation and growth. Inhibitors are either organic or 
inorganic substances in urine that inhibit crystal formation, 
aggregation, or growth and if defective or deficient, may con¬ 
tribute to urolith formation. In humans, inhibitors of calcium 
oxalate include citrate, magnesium, pyrophosphate, glyco- 
saminoglycans, nephrocalcin, and Tamm-Horsfall mucopro- 
tein. 8 Although little is known about these inhibitors of 
calcium oxalate in dogs, they may play a similar role in dogs 
in determining which dogs form uroliths and which do not. 
Two important inorganic inhibitors of calcium oxalate are 
(1) citrate and [2] magnesium. In urine, citrate forms com¬ 
plexes with calcium that are more soluble than calcium oxalate, 
lowering the ionic calcium concentration. Citrate inhibits 
both spontaneous and heterogenous nucleation of calcium 
oxalate crystals. 8 In humans, citrate is filtered by the kidneys 
and approximately 75% is reabsorbed by the tubules, with the 
major determinant of the amount reabsorbed being the acid- 
base status. Metabolic acidosis reduces urinary citrate excre¬ 
tion by augmenting tubular reabsorption of citrate, whereas 
metabolic alkalosis decreases tubular reabsorption and 
increases urinary citrate excretion. 0 ' 58 In dogs, urinary citrate 
excretion is much lower than humans with less than 1% of 
filtered citrate normally excreted in the urine, although uri¬ 
nary citrate excretion increases dramatically with metabolic 
alkalosis. 50 Hypocitraturia has been reported in 15% to 63% 
of humans who form calcium oxalate nephroliths, with 
metabolic acidosis being the most important cause of decreased 
urinary citrate excretion. 8 - 59 In dogs, mean urinary citrate excre¬ 
tion was not significantly different between six miniature 
schnauzers with calcium oxalate urolithiasis and normal bea¬ 
gles; however, some individual miniature schnauzers appeared 
to have decreased urinary citrate excretion compared with the 
normal beagles. 46 Because hypocitraturia only affects 15% to 
63% humans with caldum oxalate nephroliths, and because too 
few dogs have been evaluated to accurately define what level of 
daily urinary dtrate excretion constitutes hypocitraturia in dogs, 
a role for hypodtraturia in calcium oxalate urolith formation in 

dogs is possible, although unproven. 

Similar to citrate's role with calcium, magnesium com¬ 
plexes with oxalate, reducing the urine saturation for calcium 
oxalate, 8 Deficient urinary magnesium concentration results 

oxalate being available to combine with ionic calcium; 
therefore lower dietary magnesium may predispose to caldum 
oxalate urolithiasis, a proposal which was supported by two 
recent epidemiologic studies, 3960 Citrate and magnesium play 
complimentary roles by complexing caldum and oxalate respec¬ 
tively and lowering the urine saturation for caldum oxalate. 

Pyrophosphate in the urine is another inhibitor of calcium 
oxalate. The amount of pyrophosphate in the urine is related to 
dietary phosphorus intake. Although the role of pyrophosphate 
in canine urine is unknown, diets low is phosphorus have been 
shown to increase the risk for calcium oxalate urolithiasis in 
dogs, which could be due to lowering of urinary pyrophosphate 

along with other factors (see Role of Diet, following), 39 ' 60 
Nephrocalcin, synthesized by renal proximal tubular cells 
and the medullary thick ascending limb, is a potent inhibitor 
of calcium oxalate monohydrate crystal aggregation. 61 Urine 
from humans who form calcium oxalate uroliths contains 
nephrocalcin that lacks y-carboxyglutamic acid and is tenfold 
less effective at inhibiting caldum oxalate monohydrate crys¬ 
tal aggregation than nephrocalcin from normal urine, 61 Lulich 
and colleagues 40 reported that unne from dogs with calcium 
oxalate contained different fractions of nephrocalcin than 
urine from normal beagles, which could also support a role for 


of six miniature schnauzers with caldum oxalate urolithiasis 
were classified as having absorptive hypercalduria. 4 b 

Renableak hypercalciuria is due to impaired renal tubular 
reabsorption of calcium, 0 Renal calcium loss reduces the 
serum ionized calcium, which causes increased PTH and 
1,25 - dihydroxy cholecalciferal. I ncre ased 1,25 -dihydroxy chole- 
calciferol causes increased intestinal absorption of caldum 
(and phosphorus), which returns the serum calcium to 
normal. The increased PTH also causes increased mobiliza¬ 
tion of calcium from bone, which could contribute to bone 
demineralization over time if dietary caldum intake is not 
adequate. Humans and dogs with renal-leak hypercalciuria 
have high serum PTH concentrations, normal serum calcium 
concentrations, and high fasting urinary calcium excretion. 

Resorptive hypercalciuria and hypercalcemic hypercalciuria 
are closely related. Resorptive hypercalciuria is a subtle, nor- 
mocakemic version of primary hyperparathyroidism, whereas 
serum calcium is elevated with hypercalcemic hypercalci¬ 
uria, 8 In humans, the most common cause of hypercalcemic 
hypercalduria resulting in caldum oxalate urolithiasis is 
primary hyperparathyroidism. Other causes in humans include 
malignancy-associated hypercalcemia, hyperthyroidism and 
sarcoidosis, and other granulomatous diseases, although these 
have not been reported associated with calcium oxalate 
urolithiasis in dogs. In dogs, calcium oxalate uroliths have 
been reported secondary to primary hyperparathyroidism. 51 - sz 
Dogs with hyperparathyroidism may form calcium phos¬ 
phate, caldum oxalate, or mixed calcium oxalate and caldum 

phosphate uroliths, 51 ' 53 

Hyperoxaluria Urinary concentration of oxalate is an 
important factor in calcium oxalate crystallization and 
urolithiasis, because on a molar basis, increases in urine 
oxalate concentration have a greater effect on urinary satura¬ 
tion of calcium oxalate than equivalent increases in urinary 
caldum concentration. 0 48 Oxalate is freely filtered at the 
glomerulus and undergoes bidirectional transport in the renal 
tubules with net tubular secretion- Urinary oxalate is derived 
mainly from endogenous production in the liver from 
metabolism of ascorbic acid, glyoxylate, and glycine with 
lesser amounts from dietary intake of oxalate. Dietary meat 
protein intake contributes the amino acids hydroxyproline 
and tryptophan, which are metabolized to oxalate. In humans, 
rats, and pigs, some of the normal dietary oxalate is degraded 
in’ the intestines by normal bacterial flora including 
Oxalobacter formigenes* Some humans with calcium oxalate 
nephrolithiasis have deceased intestinal Oxalobacter formi- 
genes, which may be caused by chronic antibiotic therapy for 
concurrent medical conditions. 54 The potential role of a 
pa u city of intestin a! Oxalobacter formigpnes in cal eium ox a 1 a t e 

urolithiasis in dogs has not been evaluated. 

Varying degrees of hyperoxaluri a is present in up to 50% of 
humans with calcium oxalate urolithiasis; 8 however, hyperox¬ 
aluria has not been detected in dogs with calcium oxalate 
urolithiasis. 46 Primary hyperoxaluria is a rare genetic disorder 
of humans that causes either oxalate nephrosis or recurrent 
calcium oxalate urolithiasis. Primary oxaluria has been 
reported in both dogs and cats, hut was associated with 
oxalate nephrosis rather than calcium oxalate urolithi asis. 5 s - 56 

Water Source The mineral content of water may be a poten¬ 
tial factor in calcium oxalate urolithiasis in humans, although the 
data are conflicting. 8 It has been proposed that increased sodium 
or caldum content or absence of trace minerals such as zinc, 
which chelates caldum, might increase risk of caldum oxalate 
urolithiasis. In one epidemiologic study in cats, the source of 
water (e.g., bottled, munidpal) did not appear to affect the risk 
of caldum oxalate urolithiasis, 57 No reports exist on the effects of 
mineral content of water on caldum oxalate urolithiasis in dogs. 
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lack of this inhibitor in the pathogenesis of calcium oxalate 
urolith formation in dogs. 

1 a mm-Horsfall mucoprotein, synthes izetl by the medullary 
thick ascending limb and the distal tubule, is another potent 
inhibitor of calcium oxalate aggregation. 8 - 62 The self- 
W^ted form of Tamm-Horsfall mucoprotein, which is the 
predominant form of this protein in the urine from humans 
with calcium oxalate nephroliths, is a less effective inhibitor 
of calcium oxalate crystal aggregation and may even promote 
calcium oxalate crystallization.** The role of Tamm-Horsfall 
mucoprotein in dogs with calcium oxalate uroliths is unknown. 


The ideal diet for prevention of calcium oxalate urolithia¬ 
sis in dogs is unknown, and most dietary recommendations 
have been made based on surrogate end points (such 
changes in urine concentration of calcium, 24-hour 

or calcium oxalate RSS), rather 
than reduction of urolith recurrence rates. The dietary factors 

thought to contribute to calcium oxalate urolithiasis in dogs 
are undergoing substantial change, with several conflicting 
recommendations in the literature. Previously, dietary factors 
hypothesized to decrease the risk of calcium oxalate urolithi¬ 
asis in dogs included reduced dietary levels of protein, 
sodium, and oxalate precursors and higher dietary water, 
calcium, phosphorus, and potassium content, 16 - 42 In 
recent epidemiologic studies indicate that dietary factors in 
dogs associated with an decreased risk of calcium oxalate 
urolithiasis included increased dietary w a ter, protein, calcium, 
phosphorus, magnesium, sodium, potassium, chloride and 
decreased dietary carbohydrate content. 39 - 60 In addition, dry 
diets that resulted in increased acidification of the urine were 
associated with an increased risk of calcium oxalate urolithia- 
sis.^ W3 These were epidemiologic studies of commercial diets; 
thus there may have been significant confounding effects such 
that an apparent benefit from one factor, such as increased 
dietary protein, could actually have been due to other factors, 
such as increased phosphorus or potassium content of the diet 
rather than the protein content per se. because diets high in 
protein also tend to be high in phosphorus and potassium. 
Likewise, these associations do not prove cause and effect. 70 

Although diets designed for dogs with renal failure have 
been recommended previously for prevention of calcium 
oxalate urolithiasis, because these diets are phosphorus 
restricted, the authors do not recommend their use for this 
purpose. Reduced dietary phosphorus was associated with 
increased risk of calcium oxalate uroli thiasis in dogs. 39 60 Dietary 
phosphorus restriction promotes increased intestinal absorption 
oj calcium, with the excess calcium excreted in the urine. The 
increased intestinal calcium absorption occurs because dietary 
phosphorus binds calcium making it less available for absorp¬ 
tion. Deficient dietary' phosphorus also increases renal produc¬ 
tion of caldtnol, which promotes intestinal absorption of 
calcium and phosphorus. 411 Additionally, increased dietary intake 
of phosphorus is thought to increase urinary excretion of 
pyrophosphate, an inhibitor of calcium oxalate crystallization. 40 

Because humans and dogs with absorptive hypercalciuria 
have reductions in urinary calcium when dietary calcium is 
restricted, it was previously recommended to restrict dietary 
calcium. However, recent studies in humans and dogs indicate 
that dietary calcium restriction actually increases the risk of 
calcium oxalate urolithiasis. 1 -*' 60 ' 71 The proposed mechanism 
for this apparent paradox is that reduced dietary calcium 
results in increased dietary absorption of oxalate because less 
calcium is present in the intestinal lumen to bind oxalate. 
Increased intestinal oxalate absorption causes greater urinary 
oxalate excretion, which increases the risk of calcium oxalate 
urolithiasis. Therefore calcium oxalate 
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Concurrent Medical Conditions Hyperadrenocorticism is 
associated with calcium oxalate urolithiasis in humans and 
dogs. 864 In humans, glucocorticoid excess leads to hypercal¬ 
ciuria secondary to increased mobilization of calcium from 
hone. 8 Glucocorticoids may also decrease tubular resorption 

of calcium, resulting in hypercalciuria and increasing the risk 
of calcium oxalate urolithiasis. Chronic metabolic acidosis 
may contribute to calcium oxalate urolithiasis in humans 
and dogs. 8 ® 5 The proposed mechanism is buffering of 

hydrogen ions by bone phosphorus and carbonates. 

concurrently released from the bone during 
buffering is excreted in the urine, resulting in hypercalciuria. 
Acidosis also reduces the urinary excretion of citrate, 
inhibitor of calcium oxalate. 
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Treatment of Calcium Oxalate Urolithiasis 

Calcium oxalate uroliths are not amenable to medical dissolu¬ 
tion; therefore they must be mechanically removed from the 
urinary tract (see previous section for details). Once urolith 
removal is performed, postprocedura 1 radiographs or cystoscopy 
should be performed to document complete urolith removal 
so that the efficacy of preventative measures can be accurately 
assessed, incomplete surgical removal of uroliths has been 
reported in up to 2G% of dogs in one series. 66 

Prevention of Calcium Oxalate Urolithiasis 

Calcium oxalate uroliths tend to recur in most dogs, with 
recurrence rates of up to 50% within 3 years of initial diagno- 
sis.* 1 ' ^ Therefore preventative measures such 
medications should be used to reduce the risk of recurrence. 
Once all uroliths have been removed and before initiation 
of preventative measures, a baseline database should be 
obtained, including serum biochemistry profile (to examine 
for hypercalcemia, metabolic acidosis, or support for concur¬ 
rent hyperadrenocorticism) and urinalysis (to determine urine 
specific gravity [LJSG], pH and crystalluria). Dietary changes 

should be attempted, and the clinician should add medications 

if persistence of calcium oxalate crystal!uria or recurrence of 
calcium oxalate urolithiasis is noted. 

Role of Diet Increased water intake though feeding a canned 
diet or by adding water to the diet may he the most important 

recommendation to help prevent recurrence of calcium 

oxalate urolithiasis in dogs. 39 - 4042 Increased water intake is also 
a long-standing recommendation for prevention of urolithiasis 

in humans. 8 Increased water intake results in dilution of calcu- 
logenic substances in the urine and increases the frequency of 
voiding, which helps remove any free crystals that form in the 
urinary tract. In normal miniature schnauzers, increasing 
dietary moisture from 7% to 73% increased net daily water 
intake and reduced urine calcium oxalate RSS, which is sug¬ 
gested to reflect decreased risk of calcium oxalate urolithiasis 69 
In an epidemiologic study, canned canine diets significantly 
reduced the risk for calcium oxalate urolithiasis compared 
with dry dietsT* 60 Addition of water to the diet or changing to 
a predominantly canned diet should be implemented as the 

first step in prevention of calcium oxalate urolithiasis in dogs. 


diet and 


as 


preventative diets 
should not be calcium restricted. Although diets should be 

replete in calcium, calcium supplements between meals 

should be avoided because they may promote hypercalduria 

and increase the risk of calcium oxalate urolithiasis. 72 

Because dry diets designed to maximize urine acidity were 
associated with a threefold greater risk of calcium oxalate 
urolithiasis and some authors have reported an association of 
acidic urine pH with calcium oxalate urolithiasis, 3942 60 cal¬ 
cium oxalate preventative diets should not be maximally acid¬ 
ifying: Some diets recommended for prevention of calcium 
oxalate urolithiasis (e.g, Prescription diet u/d, Hills Pet 
Nutrition) contain potassium citrate for the purpose of alka- 
linizing the urine, whereas other diets do not (e.g., Waltham® 
Canine S/O Lower Urinary Tract Support Diet, Waltham), 
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Thiazide Diuretics Thiazide diuretics are proven to reduce 

calcium excretion and reduce the recurrence ot 


Some authors have recommended targeting a urine pH of 6.5 
to 7.5, 42 - 65 whereas others suggest urine pH of 5.5 to 6.0. 
The solubility of calcium oxalate is not greatly influenced by 
urine pH, but because of the potential for acidosis promoting 
hypercalciuria F the authors currently recommend a target 

urine pH of at least 6.5 to 7.0. Urine pH greater than 7,5 may 

promote formation of calcium phosphate uroliths and should 
be avoided. 53 

Currently the ideal protein content of diets for prevention 
of calcium oxalate urolithiasis in dogs is not known. Although 
dietary protein restriction has been recommended in the 
past, 65 the recent epidemiologic association of higher levels of 
dietary protein with decreased risk of calcium oxalate urolithi¬ 
asis has caused re-evaluation of this recommendation. ^^ The 
apparent benefit of increased dietary protein could have been 
due to other factors in the higher protein diets such as higher 
phosphorus content. In humans, increased dietary protein 
intake increases the risk of calcium oxalate urolithiasis 
through increased urinary uric acid excretion and contributes 
to increased bone buffering of acid derived from catabolism of 
the excess amino acids, thus promoting hypercalciuria. 6 
Because dogs have lower urine uric acid concentrations and 
because the net acidification of canine diets can be controlled 
independent of protein content, dietary protein may not have 
the same effects on recurrence of calcium oxalate urolithiasis 

in dogs compared with humans. 

The ideal dietary sodium content for prevention of calcium 
oxalate urolithiasis is also controversial. Dietary sodium 
restriction has previously been recommended based on the 
hypothesis that minimizing natruresis would concurrently 
minimize hypercalciuria. 65 However, recent epidemiologic 
studies associated higher dietary sodium with decreased risk 
of calcium oxalate urolithiasis. 3 ^* 0 In another study using 
normal dogs, increased dietary sodium [0.3 g of sodium per 
100 kcal) reduced urine calcium oxalate RSS, compared with 
a low sodium diet (0,05 g of sodium per 100 kcal). 4 7 ^ These 
authors have suggested that calcium oxalate preventative 
diets should not be sodium restricted or overly sodium 
supplemented. In a different study in normal dogs, increased 
dietary sodium increased total urinary calcium and sodium 
excretion per day, but it decreased the urinary calcium 
concentration because of the diuretic effects of increased 
dietary sodium .** } Because crystallization risk is more affected 
by urinary concentration of calcium and oxalate than the 
’amount excreted per day, the dilutional effects of higher 
dietary sodium may offset the tendency toward hypercalciuria. 

The commercial diets most often recommended to reduce 
the risk of calcium oxalate urolithiasis include Waltham’ 1 * 
Canine S/O Lower Urinary Tract Support Diet and Hill's 
Prescription diet u/d^ 47 - 65 - 67 ■ 73 Diets with high fat content such 
Prescription diet u/d' $ ' should be avoided in dogs with history 
of pancreatitis, obesity, diabetes meilitus, or hyperlipidemia. An 
alternative diet suggested for these animals is Hill's Prescription 
diet w/d* with supplementation of oral potassium citrate to 

achieve a urine pH of 6.5 to 7.0, 67 Urine RSS was substantially 
reduced when 17 dogs with calcium oxalate urolithiasis were 
fed Waltham**' Canine S/O Lower Urinary Tract Support Diet. 71 
Reduced RSS is suggested to reflect decreased risk of calcium 
oxalate urolithiasis; however, this is a surrogate end point with 
the ideal end point being an actual reduction m the urolith 

Clinical trials demonstrating reduction of 
recurrence rates of calcium oxalate urolithiasis are needed to 
verify efficacy of currently recommended diets. 

Medications Dietary' therapy alone will not uniformly pre¬ 
vent calcium oxalate urolith recurrence. If calcium oxalate 
uroliths recur despite dietary therapy if calcium oxalate crys- 
talluria is persistent, or if both occur, medications should be 

considered, 


*17 


unn ary 

calcium oxalate urolithiasis in humans, 6 '' 4 In normal dogs, 
a dm i nistr ation of ch lorothia zide did not reduc e u rinary ca lei un i 
excretion, although these dogs were water loaded, which may 
have prevented the hypocalciuric effects. 75 In contrast, admin¬ 
istration of hydrochlorothiazide decreased urinary calcium 
excretion and urine calcium concentration in dogs with 
calcium oxalate urolithiasis. 76 The reduction in urinary' cal¬ 
cium was greatest in dogs with the highest pretreatment urine 
calcium concentrations and when combined with dietary 
therapy using Prescription diet u/d -\ 

Hydrochlorothiazide (2 mg/kg orally every 12 hours) 
should be considered in dogs that have persistence of calcium 
oxalate crystal!uria or recurrence of calcium oxalate urolithi¬ 
asis despite diet therapy Thiazide diuretics cause subclinical 
volume depletion resulting in increased proximal tubular 
re absorption of sodium and calcium. This effect may 
be blunted or prevented by increased dietary sodium content 
and increased water intake. Therefore the benefit of 
hydrochlorothiazide needs to be evaluated in conjunction 
with canned diets with higher sodium content. 


Potassium Citrate Potassium citrate supplementation Has 
been shown to reduce recurrence of calcium oxalate uroliths 
in humans either when given specifically for hypocitraturia or 
when done empirically without 24-hour urine collection to 
determine if hypocitraturia is present. 5 - 1 In humans, oral potas¬ 
sium citrate increases urine pH, which causes decreased tubular 
resorption of citrate, thus increasing urinary ritra te excretion. H 

in the veterinary literature, conflicting opinions exist 
concerning the utility of potassium citrate for prevention of 
calcium oxalate urolithiasis in dogs. Potassium citrate supple¬ 
mentation has been recommended at a dose of 50 to 75 mg/kg 
orally every 12 hours if the urine pH is acidic or if calcium 
oxalate crystals are still present despite dietary therapy. 42 77 In 
one study with normal dogs, potassium citrate supplementa¬ 
tion did not significantly increase the mean urinary citrate 
excretion; although in three miniature schnauzers, supple¬ 
mentation did increase urinary citrate excretion and lowered 
the urinary relative calcium oxalate super saturation, 76 In 
another study, potassium citrate also did not increase mean 
urinary citrate concentration but it did cause a dose-dependent 
increase in urine pH. 77 Potassium citrate supplementation 
would be expected to have the greatest effect on urinary cit¬ 
rate excretion in dogs with hypocitraturia or metabolic acido¬ 
sis; however, this has not been reported. The effectiveness of 
potassium citrate supplementation for reducing recurrence of 
calcium oxalate urolithiasis in dogs has also not been reported. 

hydrochlorothia zide therapy 










Nonetheless, once dietary and 
have been implemented, if calcium oxalate crystalluria is per¬ 
sistent or calcium oxalate uroliths recur, the authors recom¬ 
mend potassium citrate given to effect to achieve a urine pH 

of 6,5 to 7.0 using a starting dose of 50 to 75 mg/kg orally, 
every 12 hours. If the urine pH is already above 7.0 to 7.5, then 
potassium citrate should not be added. The serum potassium 
should be initially monitored monthly during potassium citrate 
supplementation and the dose reduced if hyperkalemia occurs. 


as 


VTtonwLS Supplementation of vitamin C or vitamin D should 
be avoided in dogs with calcium oxalate urolithiasis. Because 
vitamin C is converted to oxalate, excessive vitamin C may 
contribute to hyperoxaluria and increased risk of calcium 
oxalate urolithiasis. 6 Vitamin D supplementation increases 
intestinal absorption of calcium, thereby promoting hypercal¬ 
ciuria and increased risk of calcium oxalate urolithiasis.^ 1 
Although vitamin has been recommended, no data support 
any benefit from vitamin Bgj for prevention of calcium oxalate 

urolithiasis in dogs. 


recurrence rates. 
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Management of Recurrent Calcium Oxalate Urolithiasis 

Because calcium oxalate uroliths 


50% 


recur m approxmia 
appropriate surveillance methods 
should be used to document recurrences before the uroliths 
become too large to pass through the urethra. If 
urocystoliths are diagnosed early enough, many 
may he managed using nonsurgital methods. Although 
dogs with recurrent calcium oxalate 


ol dogs within 3 years 




rec urren t 


recurrences 


some 


urocystol i ths m ay 
be asymptomatic for extended periods of time, removal of 
urocystoliths is recommended to prevent urethra] obstruction. 


STRUVITE UROLITHIASIS 


Struvite uroliths are 


usually composed of 100% magnesium 
ammonium phosphate hexahydrate, although some also 
contain varying amounts of calcium phosphate (termed calcium 
apatite) or calcium carbonate phosphate (termed carbomite 
apatite) ™' 2A 79 Struvite uroliths are commonly referred to 
infection stones or urease stones because they are usually caused 
by U Tl with urease producing organisms,** 24 Struvite uroliths are 
moderately to markedly radiopaque (Figure 267-7). Although 
struvite uroliths may assume multiple shapes (eg,, smooth 
spherical, discoid) or conform to the shape of the bladder 
renal pelvis, they are often faceted or pyramidal when multiple 
urocystoliths are present because the adjacent surfaces are 
smooth and flattened (see Figure 267-7; Figure 267-8). Large 
urocystoliths are most commonly composed of struvite. Large 
solitary urocystoliths may have sharp spiculated projections and 
assume the shape of the bladder lumen (see Figure 267-8). 


as 


Figure 267*7 Abdominal radiographs from a dog with struvite 
urocystoliths. Reader should note the smooth surfaces where the 
urocystoliths contact each other 


or 


dogs, miniature schnauzers, Shih Tzus, BicHon frises, minia- 

spanieis, and Lhasa Apses. 24 ft is notable 
that all of these breeds except cocker spaniels and mixed 
breed d ogs are also p redi sposed to calcium ox alate uroli th i as is. 


es f 


Epidemiology of Struvite Urolithiasis 

Although the incidence of calcium oxalate urolithiasis in dogs 
continues to increase, struvite remains the most 


Etiopathogenesis of Struvite Urolithiasis 

Most struvite uroliths in dogs are caused by UT1 with urease- 
producing organisms. 24 Although recurrent, sterile struvite 
urolithiasis has been reported in related cocker spaniels, 
sterile struvite uroliths are uncommon in dogs. In dogs. 
Staphylococcus spp. arc the most commonly urease-producing 
organisms causing struvite uroliths, whereas Proteus spp 
the most common cause in humans.* 1,24 Other urease-producing 
organisms that infrequently cause struvite uroliths include 
Pseudomonas spp. and Klebsiella spp. 24 Urease-producing 
mycoplasmas (termed ureaplasma) such as Ureaplasma 
urealyticum may also cause struvite urolithiasis. 24 


common 

urolith type in dogs. 10 In 1997, 45% of all uroliths submitted 
to the Minnesota Urolith Center were composed of struvite 
and 35% were composed of calcium oxalate. 10 Struvite 
uroliths are more commonly located in the LUT (95%) than 
the upper urinary tract (5%). 24 Struvite uroliths occur 

commonly in female dogs [71% to 85% of struvite uroliths 
submitted to two urolith centers) than male dogs (15% 

29%) 7 4 * 42 Female dogs are affected more commonly because 
they are more likely to have UTIs than males. 24 Breeds 
commonly affected with struvite uroliths include mixed breed 


so 


mo re 
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to 
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Fig u re 2 6 7*8 Exam pies of c a n i n e 
struvite uroliths. A, Spiculated solitary 
urocystoljth. B, Staghorn nephrolith. 

C, Wafer-shaped urocystolith, D, Smooth 
solitary urocystolith. E, Pyramidal-shaped 
urocystoliths with smooth flat adjoining 
surfaces and distinct layers. 
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dissolution therapy should consist of abdominal radiographs and 
urinalyses every 4 weeks. If bacteriuria, pyuria, or inappropriate 
alkaline urine pH are present, the urine should be cultured for 
aerobic bacteria and mycoplasma. If Hill s Prescription diet 
Canine s/d 1 *' is being fed, several changes on the serum 
biochemistry profile are common. Because of the low-protein 
content of this diet, serum urea nitrogen (SUN] concentrations 
should be I o w or 1 ow -norm al, which confirms owner compliance 
with the dietary recommendations. Mild decreases in serum 
albumin and phosphorus concentrations are commonly present 
within 1 month of dietary therapy 83 Mild increases in serum 
alkaline phosphatase activity have also been reported in some 
dogs consuming this diet. 24 These changes in the serum bio¬ 
chemistry profile are not expected with Waltham^ Canine S/O 

Lower Urinary Tract Support Diet* 

Average time for dissolution of canine infection-induced 

struvite urocystoliths is approximately 3 months.- -1 Even large 
struvite urocystoliths may be medically dissolved, although 
larger urocystoliths take longer to dissolve than smaller 
uroliths because they have less surface area relative to their 
volume. Many of the symptoms of LUT inflammation 
(dysuria and pollakiuria) resolve during the first 10 days of 
therapy despite the presence of the urolith, which is likely 

attributable to control of the UTI. 24 

A common cause of failure to effectively dissolve struvite 

uroliths is inadequate control of the UTI * Therefore if therapeu¬ 
tic attempts fail or cease, urinalysis and urine culture should be 
repeated. Another common cause of dissolution failure is that if 
the struvite urolith contains layers of calcium apatite, carbonate 
apatite, or calcium oxalate, this may prevent dissolution of the 
struvite component of the urolith. 24 ' 4 - If any of the layers of the 
urolith contain more than 20% of nonstruvite minerals, dissolu¬ 
tion is unlikely to occur. 42 Another common cause of failure to 
dissolve suspected struvite uroliths is that the urolith is composed 
of another mineral other than struvite 24 42 If medical dissolution 
is unsuccessful, mechanical removal of the urolith should pro¬ 
ceed with q u antitative an alysis of the retrieved uroliths. 

Sterile struvite urocystoliths in dogs have been successfully 
dissolved using calculolytic dietary therapy alone or using 
urinary acidifiers without calculolytic diets. 2460 Antibiotic 
therapy is not required for dissolution of sterile struvite 
uroliths* Sterile struvite uroliths dissolve more quickly {3 to 
6 weeks] than infection-induced uroliths. 14 -®° 

Medications Acetohydroxamic acid (AHA; Lithostat*) is a 
competitive and noncompetitive enzyme inhibitor of urease. 
Inhibition of microbial ureases prevents the breakdown of 
urea to form ammonium and bicarbonate, thereby lowering 
the urine pH and the concentration of ammonium. AHA has 
been used as an adjunct to dietary and antimicrobial therapy 
to promote dissolution of refractory struvite uroliths at a dose 
of 12.5 mg/kg orally, every 12 hours. However, AHA com¬ 
monly causes side effects in dogs including hemolytic anemia, 
anorexia, vomiting, hyperbilirubinemia, and bilirubinuria.- 4 
Therefore the authors do not recommend AHA therapy unless 
mechanical removal of the struvite uroliths also poses a signifi¬ 
cant risk. Because AHA is renally excreted, it should not be 
administered to dogs in renal failure. In addition, AHA should 
not be administered to pregnant dogs because it is teratogenic. 24 

Urinary acidifying agents such as ammonium chloride are 
not necessary in management of struvite urolithiasis provided 
a calculolytic diet and antimicrobials are used. Persistence of 
inappropriately alkaline pH of the urine is usually due to 
failure to control the urease-produdng bacterial infection. 
Therefore the addition of urinary acidifying drugs to the 
dietary therapy is unlikely to reduce the urine pH and may 
cause metabolic acidosis. 

One report exists of dissolution of sterile struvite 
nephroliths in two dogs using an amino acid preparation, most 


Urease cleaves urea (which is abundant in urine) to form 
ammonia and bicarbonate. The ammonium is available to 
combine with magnesium and phosphate, which are normally 
present in the urine, to form magnesium ammonium phosphate 
hexahydrate (struvite) crystals. The bicarbonate increases the 
urine pH, which decreases the solubility of struvite crystals. The 

also damages the urothelial glycosaminoglycan 
coating. This allows struvite crystals and bacteria to attach to 
the urothelium and may promote production of an organic 
matrix for crystal-matrix interaction. Attached crystals have 
more time to aggregate and grow into uroliths before being 
fl ushed from the urinary tract with the uri n e; th e refore damage 
to the glycosaminoglycan layer promotes struvite urolith for¬ 
mation. Increased dietary protein increases the urine concen¬ 
tration of urea and phosphorus. However, unlike in cats where 
struvite uroliths may occur solely due to diet, UTI with a 
urease-p reducing organism is required in most dogs. 

Viable bacteria are trapped in the interstices of the layers 
of infection-induced struvite uroliths as they grow* 8 24 Bacteria 
have been cultured from the core of struvite uroliths that 
have been stored in formalin for years. 6 Therefore dissolution 
fragmentation of struvite uroliths release viable bacteria 
into the urinary tract and will cause reinfection unless appro¬ 
priate antimicrobials are used. 6 34 Antimicrobial penetration 
into struvite uroliths is limited; therefore as long as struvite 
uroliths are present anywhere in the urinary tract, resolution 
of UTI is unlikely and relapses usually occur within days of 
discontinuation of antibiotic therapy. 

Treatment of Struvite Urolithiasis 

Treatment options for struvite urolithiasis include medical 
dissolution or mechanical removal. The reader is referred to 
the section on urolith removal techniques. It is important 
that the underlying UTI be controlled with appropriate anti¬ 
microbials prior to manipulation or fragmentation of infection 
induced struvite uroliths to minimize the risk of urosepsis. 
Medical dissolution of urocystoliths in male dogs is associated 
with a risk of urethral obstruction once the urocystoliths are 
small enough to pass into the urethra. Therefore the clinical 
signs of urethral obstruction should be thoroughly explained 
to the owner if medical dissolution is used, The risks and 
benefits of mechanical removal versus medical dissolution 
should be discussed with the owner before concluding which 
approach is best for the individual patient. 

Medical dissolution of struvite urocystoliths requires a com¬ 
bination of appropriate antimicrobial and calculolytic dietary 
therapy. Antimicrobial selection should be based on urine cul¬ 
ture and antibiotic-susceptibility testing from urine obtained by 
cystocentesis prior to antimicrobial therapy Antimicrobial ther¬ 
apy must be given throughout the entire dissolution period 
because viable bacteria are contained within the interstices of 
each layer of struvite uroliths. Two commercial calculolytic diets 
available for dissolution of struvite uroliths in dogs: (1) Hill's 
Prescription diet s/d ,j and :2) Waltham^ Canine S/O Lower 
Urinary' Tract Support Diet. Hill's Prescription diet Canine s/d 4j 
has been proven to be effective for dissolution of struvite 
uroliths in dogs. 24 Waltham^ 1 Canine S/O Lower Urinary Tract 
Support Diet was effective for dissolution of canine struvite 
uroliths in an ex vivo model, although in \m>o efficacy has not 
been reported. 81 Antimicrobial and dietary therapy should con¬ 
tinue approximately 1 month beyond radiographic resolution of 
struvite urolithiasis because uroliths too small for radiographic 
detection may still be present. 

Five to 7 days after initiation of antimicrobial therapy, urine 
should be obtained by cystocentesis for urinalysis and culture. 
Urinalysis should reveal decrease of the urine pH to less than 
7.0, and the urine culture should be negative for bacterial 
growth. If the UTI is persistent, antimicrobial therapy should be 
changed based on antibiotic-susceptibility' testing* Monitoring of 
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likely through production of acidic urine pH. 83 Dissolution of 
struvite urocystoli ths in dogs using this amino acid 
tion has not been reported. 

Prevention of Struvite Urolithiasis 

The key to prevention of infection-induced struvite urolithia¬ 
sis is resolution of the underlying UT1 and prevention of 
recurrent UTL Antibiotic therapy should be continued for 
3 to 4 weeks after mechanical removal or radiographic evidence 
of urolith dissolution. Then urine culture should be repeated 
5 to 7 days after discontinuation of antibiotic therapy. If the 
urine culture is negative, another urine culture should be 
obtained 3 to 4 weeks later to confirm resolution of the UTl, 

■ 1 recurrent UTIs occur, prophylactic therapy with antibiotics 
administered at bedtime may prevent reinfection. The reader 
is referred to Chapter 262 for treatment of UTL 

The role of dietary therapy for prevention of struvite 
urolithiasis in dogs is complex. For dogs with sterile struvite 
urolithiasis, dietary therapy should be used long-term to 
vent urolith recurrence; however, sterile struvite uroliths 
uncommon in dogs. For dogs with infection-induced struvite 
urolithiasis, dietary therapy designed to prevent recurrence of 
struvite is likely unnecessary; 42 Prevention and control of 
recurrent UT1 is usually effective regardless of diet. 42 Many 
of the breeds predisposed to struvite urolithiasis are also pre¬ 
disposed to calcium oxalate urolithiasis. In these breeds, 
dietary therapy to prevent struvite urolithiasis that includes 
urinary acidification and magnesium restriction could poten¬ 
tially contribute to formation of calcium oxalate urolithiasis 
later in life. Diets currently available for prevention of struvite 
urolithiasis in dogs include Waltham® Canine S/O Lower 
Urinary Tract Support Diet and Hill's Prescription diet c/d®. 
The authors only recommend struvite preventative diets such 
as Hill's Prescription diet c/d® for approximately 1 month 
after removal or dissolution of struvite uroliths while the UTT 
is monitored for recurrence. Once the UTl has been resolved, 
the dog can be changed to a commercial adult maintenance 
diet. Alternatively, Waltham® Canine S/O Lower Urinary 
Tract Support Diet may be fed long-term in breeds predis¬ 
posed to both calcium oxalate and struvite urolithiasis 
because it is theoretically designed for prevention of both 
struvite and calcium oxalate urolithiasis. 

Dogs with Calcium Oxalate and Struvite Urolithiasis 

Certain breeds of dogs are predisposed to both calcium oxalate 
and struvite urolithiasis including miniature schnauzers, Shih 
Tzus, Bichon frises, miniature poodles, and Lhasa Apses. 24 - 40 * 43 
Some of these dogs form compound uroliths with different 
layers composed of both calcium oxalate and struvite. Other 
dogs form struvite uroliths in one urolith episode and then 
form calcium oxalate uroliths later in life or vice versa. In both 
of these situations, the struvite urolith usually forms as a result 

of UTl with urease-producing bacteria, whereas the calcium 
oxalate urolith forms due to patient metabolic predispositio 
such as hyperealciuria. Therefore management of these dogs i 
by control of the struvite component via control of the UTl 
and designing the long-term dietary and medication 
mendations to prevent calcium oxalate urolith recurrence. It 
has been hypothesized that these dogs may be deficient in 
some inhibitors of crystal formation, aggregation, or both, 
which predisposes them to both urolith types. 24 


composition, or less commonly, may contain varying amounts 
of other minerals. For the purposes of the following discus¬ 
sion, unless otherwise stated, the term urate includes uric acid, 
ammonium urate, and the other salts of uric acid (principally 

sodium acid urate, sodium calcium urate, and ammonium cal¬ 
cium urate). 

Ammonium urate is, however, by far the most commonly 

encountered of the urate uroliths, accounting for 86% of these 

uroliths, 30 and so recommendations for diagnosis, treatment, 

and prevention are skewed toward the management of this 
urolith type. 

Urate uroliths are typically small, smooth, round or ovoid 
uroliths that are greenish-brown in color Frequendy multiple 
urate uroliths are present. Cutting urate uroliths in cross- 
section reveals concentric laminations. Xanthine uroliths 
typically similar in size and shape to urate uroliths; however, 

usually yellow to brown in color The majority of 
urate (97%) and xanthine (94%) uroliths that are submitted 
for analysis have been removed from the LUT 22 ; however, 
nephroliths and ureteroliths may be underrepresented due 
the difficulty in removing uroliths from the upper urinary 
tract. The size and smoothness of purine uroliths explains the 
relative frequency with which they cause urethral obstruction. 

Urate and xanthine uroliths are generally characterized as 
radiolucent or only slightly radiopaque on survey radiographs 
(see Table 267-1). Positive-contrast studies may be required to 
visualize these uroliths: using an in vitro model, approximately 
20% of ammonium urate and sodium urate uroliths were not 
detected on survey radiographs, although detection rates 
improved if uroliths less than or equal to 1 mm in diameter 
were excluded from the analysis. 14 Detection rates using high- 
frequency (5 or 7,5 MHz) sector ultrasound scanning 
better than with survey radiographs, although enumeration of 
uroliths is poor. 

Epidemiology of Purine Urolithiasis 

Purine uroliths (predominantly ammonium urate) accounted 
for 8.0% of canine uroliths analyzed at the Minnesota Urolith 
Center between 1981 and 1997, making it the third most 
common type of urolith in dogs. 10 Purine uroliths may be 
retrieved from dogs of any age but are most frequently found 
in young to middle-aged animals; the average age of dogs with 
urate uroliths is reported to be approximately 4 years. 22 
Naturally occurring xanthine uroliths are rare; most xanthine 
uroliths are retrieved from dogs that have been treated 
ously with allopurinol. Urate uroliths 
retrieved from dalmatian dogs, in a recent study 61 % of 
nium urate and 91% of sodium and caltium urate uroliths 
submitted for analysis were from dogs of this breed. 22 Pure 
urate uroliths occur more often in males than fern ales. 22 - 35 - 64 
This may at least in part be due to their propensity for causing 
urethral obstruction; it is possible that some urate uroliths are 
voided by bitches without being detected. 

Eliopathogenesis of Purine Urolithiasis 

The solubility of the purine metabolites, uric acid and xan¬ 
thine, is much lower than that of allantoin. If urine is oversat¬ 
urated with these substances, uroliths may form. Formation is 
promoted by a high dietary intake of purines and purine 
precursors and by the production of acidic urine. Production 
of alkaline urine decreases the risk of urate urolith formation 
by two mechanisms; increased solubility of uric acid and 
decreased production of ammonium ions. 85 - 96 

In human beings, infection with urease-producing bacteria 
may promote the formation of urate uroliths, due to the 
increase in ammonium ion concentration that results from 
hydrolysis of urea. 87 Although infection with urease-producing 
bacteria has been reported to occasionally contribute to 
formation of urate urolithiasis in dogs, in most dogs, UTIs 
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PURINE UROLITHIASIS 


Naturally occurring canine purine uroliths consist of uric acid 
(and its various salts) and xanthine. Xanthine and uric add are 
successive biodegradation products in the metabolism of 

purines (Figure 267-9). Purine uroliths may be of pure (100%) 
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Figure 267-9 Metabolic pathway of purine degradation to allantoin showing site of action 
of allopurinol. 








schnauzers with m icrovaseular dysplasia. 22 r I lie predisposition 
of dogs with hepatic dysfunction to urolith formation is pre¬ 
sumably due to hyperammonuria and hyperuricuria, which 
result from a reduced ability to convert ammonia to urea and 
uric acid to allantoin, respectively. 

Non-Dalmatian Dogs 

Approximately 30% to 60% of urate uroliths submitted for 
analysts are retrieved from dogs other than dalmatians, 22 - 44 
Many of these dogs do not have detectable hepatic dysfunction, 
and the reasons for lithogenesis are unknown. The breeds of 
dogs that, in addition to the dalmatian, are reported to have 
an increased incidence of urate urolith formation are English 
bulldogs, miniature schnauzers, Shih Tzus, and Yorkshire 
terriers. 44 - 84 - 94 

Xanthine Uroliths 

The most common cause of xanthine uroliths in dogs is ther¬ 
apy with allopurinol, particularly if the dietary consumption 
of purines is high, 9596 Xanthine is an intermediary in purine 
metabolism that is converted to uric acid by the action of the 
enzyme xanthine oxidase. This enzyme, which also catalyzes 
the conversion of hypoxanthine to xanthine, is inhibited by 
allopurinol (see Figure 267-9). Hereditary xanthinuria is a 
rare disorder that occurs in human beings with a deficiency in 
xanthine oxidase. Spontaneously occurring xanthine uroliths 
have been described in Cavalier King Charles spaniels and 
dachshunds, which were suspected, but not proven, to have a 
deficiency of xanthine oxidase activity. 97 98 

Treatment of Purine Uroliths 

Urate uroliths are amenable to medical dissolution; however, 
in some circumstances this will not be the most appropriate 


probably occur as a result of urolith-induced trauma or as a 
consequence of urinary catheterization, rather than as the 
cause of urolith formation. 22 

Dalmatian Dogs 

Dalmatian dogs are predisposed to the development of urate 
urolithiasis due to the reduced rate at which they convert uric 
acid to allantoin compared with other breeds of dog, which 
results in 10 to 60 times greater daily urinary excretion of 
uric acid. 88 The uricase enzyme responsible for conversion of 
uric acid to allantoin is present in the liver of dalmatians 
in amounts comparable to those found in 
It is hypothesized that the reduced purine metabolism in dal¬ 
matians occurs because of a defective hepatic cell membrane 
transport system for uric acid. 90 The excretion of uri c acid by 
dalmatians is increased further due to a reduced proximal 
tubular reabsorption of uric acid compared with other dogs. 91 
Although all dalmatians excrete relatively large quantities of 
uric acid in their urine, not all form urate urobths. Whether 
the risk for urolith formation in dalmatian dogs is solely 
related to the concentration of uric acid in the urine, or 
whether additional factors such as decreased crystallization 
inhibitors play a role, has yet to be definitively established. 
In one study, stone-forming dalmatian dogs had significantly 
lower urinary concentrations of Tamm-Horsfall protein than 
dalmatian dogs that had not formed urobths. 92 

Hepatic Dysfunction 

Severe hepatic dysfunction due to any cause may result in 
urate uroliths formation; however, the incidence of urate 
urolithiasis appears to be higher in dogs with portal vascular 
anomalies than with other causes of hepatic dysfunction. 
Urate urolithiasis has also been reported in three miniature 
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mode of therapy and direct surgical or nonsurgical removal of 
the uroliths is preferable. Obstruction of the urinary tract 
(if present) has to be relieved before medical dissolution 
be attempted, and owners must be counseled that the risk of 
reobstruction is high. 


The risk for development of cardiomyopathy may be 
increased in some non-dalmatian breeds of dogs, particularly 
English bulldogs, perhaps through development of 

deficiency, 22 Until further information is available, severely 
protein - restricted diets should only be used cautiously and fed 
for as short a period as possible in English bulldogs. 

Xanthine Oxidase Inhibitors 

Allopurinol is a synthetic isomer of hypoxanthine that 
inhibits the action of xanthine oxidase resulting in decreased 
acid production (see Figure 267-9), Mopurinol has a dose 
dependent half-life of 2.5 to 3.0 hours in dogs, although its 
major metabolite, oxypurinol, which is also an effective inhibitor 
of xanthine oxidase, has a longer half-life of 3 to 5 hours. 104 - 105 
The bioa vail ability of allopurinol is not altered by administration 
with food, 104 The recommended dose of aUopurinoI for the 
dissolution of urate uroliths is 15 mg/kg every 12 hours. 
Allopurinol and its metabolites are excreted via the kidney so 
the dose should be reduced in patients with renal failure. 

A variety of adverse reactions to allopurinol have been 
reported in humans. These are commonly minor and self- 
limiting, including gastrointestinal (GI) disturbances, pruritus, 
and development of a rash, but occasionally a life-threatening 
hypersensitivity reaction develops, characterized by fever, 
eosinophilia, hepatitis, renal failure, and erythema multiforme 
or toxic epidermal necrolysis, 107 Most human patients that 
develop the hypersensitivity syndrome have evidence of renal 
impairment prior to treatment with allopurinol, so this drug 
should be used cautiously in dogs with known renal insuffi¬ 
ciency. Rare reports of adverse reactions in dogs receiving 
allopurinol exist, including hemolytic anemia and trigeminal 
neuropathy in one dog 100 and cutaneous erythema in a dal- 
matian receiving allopurinol and ampiciiiin. 22 Discontinuation 

of the ampiciiiin but not the allopurinol resulted in resolution 
of the skin lesions. 22 

The most commonly reported adverse effect of allopurinol 
therapy in dogs is development of xanthine uroliths, either in 
pure form or due to an outer shell of xanthine forming around 
pre-existing urate uroliths, 96106 Xanthine urolithiasis is likely 
to occur if dogs are treated with allopurinol while receiving a 
nonpunne-restricted diet. Clinicians can sometimes dissolve 
xanthine uroliths by discontinuing allopurinol and instituting 

a low-purine diet. 106 

1 P L 

ikW* 

Portal Vascular Shunts 

The surgical amelioration of portal vascular anomalies is 
expected to resolve hyperuricuria and hyperammonuria with 
the resultant dissolution of ammonium urate uroliths. 
However, no systematic studies have been performed to deter¬ 
mine how frequently dissolution occurs after surgical 
tion of portovascular shunts. Similarly although anecdotal 
reports of dissolution of uroliths in dogs with portovascular 
shunts fed low-protein diets exist, no controlled studies have 
determined how frequently dietary therapy alone is successful. 

Evaluating Response to Medical Therapy 

Owner compliance with dietary therapy can be evaluated 
by checking urine pH (should be £7.0), USG (should be 
< 1 ,01 5), blood urea nitrogen (BUN) concentration (< ] 0 mg/dL 
in previously nonazotemic animals), urine sediment examina¬ 
tion (no urate crystals should be seen) and monitoring urolith 
size and number Use of urine uric acid/creatinine ratios in 
randomly collected urine samples is not recommended 

because the measurements correlate poorly with 24-hour uric 
acid excretion. 100 

Prevention of Purine Urolithiasis 

Urate uroliths recur frequently after urolith removal or disso¬ 
lution. Preventative therapy after dissolution of uroliths is 
directed at minimizing the urine concentration of 


can 


carnitine 


Dietary Modification 

Dietary modification may promote dissolution of urate uroliths 
in four ways: (1) decreasing the urinary excretion of uric add, 
(2) decreasing the urinary excretion of ammonium ions, 
: ) urinary alkalinization, and (4) augmentation of urine 

volume Reduced excretion of uric acid is achieved by feeding a 
diet that has a very low content of purine and purine precursors. 
Diets designed for urate dissolution are therefore restricted ir 
protein content and more specifically contain no fish or glandu¬ 
lar organs, which are particularly high in purine content. Protein 
sources th at are relatively 1 ow in purine precursors include eggs 
and dairy products. Restricting protein content also reduces 
ammonium ion excretion by decreasing the amount of urea gen¬ 
erated. In one study in normal beagles, increasing the protein 
content of the diet by adding casein, a protein source low in 
purines, doubled the urine saturation with ammonium urate." 
Diets containing very low-protein content are unsuitable for 
feeding to growing, pregnant, or la eta ting animals. Homemade 
diets 22 and modifications of commercially available diets 100 have 
been published and may be more appropriate for feeding to 
growing animals, but the effectiveness of these diets in dissolv¬ 
ing urate uroliths has not been systematically evaluated. 

Alkaline urine contains very low concentrations of 
nia and ammonium ions, thus reducing the risk of ammonium 
urate formation. Production of alkaline urine is favored by 
eating a diet that is low in protein content. 101 The target urine 
pH for dissolution of urate uroliths is approximately 7.0. 
To achieve this goal, in addition to consumption of a low- 
protein diet, urinary alkaiinlzing agents are generally required. 
The agents that are most often used are sodium bicarbonate 
(25 to 50 mg/kg every 12 hours) and potassium citrate (50 
150 mg/kg every 12 hours) with the dose titrated to prod 
the desired urine pH. Producing urine that has pH greater 

than 7.5 is not desirable because this may favor the formation 
of caldum phosphate uroliths. 

For dissolution of urate uroliths, as with all urolith types, 
feeding a canned diet in preference to dry, or adding supple¬ 
mental water to the diet is likely to be beneficial due to the 
resulting increase in urinary volume. Feeding a protein- 

restricted diet also impairs urine-concentrating capacity by 

decreasing the medullary concentration gradient (due to the 

low urea concentration). Other methods for augmenting 

volume are controversial. Adding salt to the diet increases 

urine output but has not been routinely recommended due to 
concerns that it 

may promote the formation of calcium-containing uroliths; 

however, recent studies refute this view (see the section on 
calcium oxalate urolithiasis). 

Only one commercial diet is marketed specifically for the 
dissolution of urate uroliths: Prescription Diet Canine u/d®; 
Hill s Pet Nutrition. This diet has very low-protein content 
(10% to 13% dry matter, 2.4 to 2.8 g/100 kcal of metaboliz¬ 
able energy} and contains potassium citrate and calcium 
carbonate for urinary alkalinization, resulting in a urine pH of 
7.0 to 7.5. Further alkalinization of this diet is generally 
required. In a clinical study of 25 dogs with ammonium urate 
uroliths fed this diet and treated with allopurinol according to 
a previously published protocol, 102 complete dissolution 
occurred in nine dogs (36%), partial dissolution in eight dogs 
(32%), and no dissolution occurred in eight dogs (32%). 22 
Similar results were reported when this diet was used for dis¬ 
solution of sodium urate uroliths. Feeding of this diet has 
infrequently been associated with the development of dilated 
cardiomyopathy in dalmatians, 103 
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nonsense mutation in exon 2 of the SLC3 A1 (amino acid trans¬ 
port) gene. 117 However, in other breeds of dog with cystinuria 
this defect was not observed, indicating that the molecular 
pathogenesis of cystinuria in the dog is heterogeneous, similar 
to humans. Some forms of cystinuria in humans are incom¬ 
pletely recessive, resulting in a complex pattern of inheritance. 

Cystinuria may be suspected by detection of characteristic 
crystals in urine, which are flat, colorless, and hexagonal, 
although these are not always present. If the concentration of 
cystine in urine is sufficiently high, the colorimetric cyanide- 
nitroprusside test may be used to confirm the diagnosis. The 
Metabolic Screening Laboratory, Section of Medical Genetics, 
University of Pennsylvania will perform this test on urine sam¬ 
ples and will perform genetic screening in Newfoundlands 
using ethylenediamine tetra-acetic acid (EDTA) blood samples. 


and uric acid by feeding a low-protein diet and by urinary alka* 
linization. The risk of urate urolith formation may decline with 
age. Prophylactic treatment with allopurinol is not recom¬ 
mended routinely due to the risk of xanthine urolith formation. 

Although the feeding of prescription diets to all dalmatian 
dogs in the absence of a documented episode of urate urolithi¬ 
asis is not recommended, it is prudent to ensure that diets that 
favor uric acid and ammonium ion excretion (such as 
those high in protein, particularly fish and meat, or that are 
acidifying) are routinely avoided in this breed of dog. 


CYSTINE UROLITHIASIS 


Cystine is composed of two molecules of the ami no-acid cys¬ 
teine, linked by a disulfide bond. Dogs that develop cystine 
uroliths have cystinuria, a disease in which increased amounts 
of cystine (and to a variable extent other amino adds), are 
excreted in the urine. The solubility of cystine in the urine is 
low; therefore dogs with cystinuria are predisposed to urolith 
formation. Most canine cystine uroliths are pure, but a few 
contain other minerals, including struvite, urate, silicate, 

oxalate, or calcium apatite, l0 - 1 lt> - 111 

Cystine urocystoliths are typically ovoid and smooth, and 
light-yellow to reddish-brown in color. The size of cystine 
uroliths is variable, but they are often small, and multiple 
uroliths may be present. 23 Cystine uroliths that are submitted 
for analysis have generally been removed from the LUT, and 
this urolith type is relatively frequently associated with ure¬ 
thral obstruction, 23 It is reported that Newfoundlands have a 
relatively high incidence of cystine nephroliths, 
this urolith type does not appear to be over-represented in 

nephrolith submissions as a whole. 23 ' 113 

Although the in vitro radiopacity of cystine uroliths is sim¬ 
ilar to that of struvite and silica; small cystine uroliths are 
often difficult to visualize in giant breed dogs, ff cystine 
uroliths are of sufficient size, they can be detected by survey 
radiography. Small uroliths are detected more reliably by 
double-contrast cystography or ultrasonography. 

Epidemiology of Cystine Urolithiasis 

The prevalence of cystine urolithiasis is highly dependent on 
geographic location. The prevalence in the United States is only 
1% to 2%, 10 ' 110 whereas die prevalence in Europe is reportedly 
as high as 8% in Sweden and 26% in central Spain. 111114 

Cystine urolithiasis occurs predominantly (98%) in male 
dogs, 23 although cystinuria may occur in dogs of either gender. 112 
The typical age at which cystine uroliths are first diagnosed is 
3 to 8 years. 115 Somewhat surprisingly, cystine uroliths are not 
common in very young dogs. 10 Cystine uroliths have been 
reported in many breeds of dog, those that are reportedly over¬ 
represented include M astiffs, Australian cattle dogs, En glish bull - 
dogs, Chihuahuas, Newfoundlands, pit bull terriers, and 
dachshunds. 841,0 Cystine uroliths are also found ffequendy in 
mixed breed dogs, although they are not over-represented. 23 - 110 

Etiopothogenesis of Cystine Urolithiasis 

In the normal animal, cystine is freely filtered at the glomerulus 
and then actively reabsorbed in the proximal tubules; in cystm- 
uric animals the carrier proteins responsible for reabsorption are 
defective. The disease in dogs is quite heterogeneous; with differ¬ 
ences in both the type and quantity of amino adds excreted in 
the urine The dibasic amino adds th at may be lost, in addition to 
cystine, are ornithine, lysine, and arginine (COLA). 116 Although 
absorption of these amino adds from the intestine may also be 
reduced, this does not appear to be of any practical consequence, 
and clinical signs are limited to those of urolithiasis. 

The mode of inheritance for cystinuria is reported to be 
autosomal recessive in Newfoundlands. 112 in Newfoundlands 
the molecular basis of the defect has been identified as a 


Treatment of Cystine Urolithiasis 

Cystine uroliths are amenable to medical dissolution. This may 
be accomplished by maneuvers to reduce the concentration of 
cystine in the urine and to increase cystine solubility. As with 
all uroliths, augmenting urine volume is likely to be benefidal. 
Additionally, die solubility of cystine can be increased by 
increasing the urine pH to approximately 7.0 to 7.5, either by 
dietary therapy or by treatment with potassium citrate. 

Feeding of a diet that is markedly protein restricted (Hill's 
Prescription diet canine u/d®) has been recommended 
because, among other potentially beneficial effects (alkaliniza- 
tion, sodium restriction, reduced urine concentration), this 
results in a 20% to 25% decrease in cystine excretion, pre¬ 
sumably due to a reduced content of cystine precursors 23 
Feeding high-protein diets, particularly those rich in methion¬ 
ine, a cystine precursor, should be avoided in cystinuric dogs. 
However, the degree of protein restriction that is advisable is 
controversial because of the risk of carnitine deficiency and 
associated dilated cardiomyopathy in cystinuric dogs fed low- 
protein diets. 118 Dissolution of cystine uroliths has been 
reported without dietary protein restriction. 

Thiol-con taming drugs react with cystine, resulting in its 
conversion to a more soluble compound by a disulfide exchange 
reaction; essentially, the drug is substituted for one of the 
cysteine residues of the cystine molecule. The prototypical 
thiol-containing drug used for this purpose is D-penicillamine, 
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but this is associated with 
effects, which effectively limits its use. Instead, the drug 
N-( 2-me reap topropionl)-glycine (2-MPG, Thiola; Mission 
PharmacaJ Co, San Antonio, Texas), also known as twprxmin , 

frequently used. Treatment with this drug at a dose 
of 20 mg/kg twice daily resulted in dissolution of approximately 
60% of uroliths in one study, with the time required for urolith 
dissolution ranging from 1 to 3 months, 115 Unfortunately, a 
relatively high incidence of side effects has also been reported 
with this drug, including behavioral aggression, myopathy, 
proteinuria, anemia, thrombocytopenia, elevations of liver 
enzymes, and dermatologic changes. 115 


is now more 


Prevention of Cystine Uroliths 

Cystine uroliths frequently recur after surgical removal, with 
times to recurrence ranging from 1 to 36 months. 23 ' 115 
Recurrence is reportedly more likely to occur if the amount 
of cystine excreted is particularly high. 115 Treatment with 
2-MPG, at a dose of ] 5 mg/kg twice daily, was successful in pre¬ 
venting the reformation of cystine uroliths in 76 of 88 (86%) 
of dogs in one study. 115 Urinary alkalinization and moderate 
protein restriction is likely to also be of benefit in preventing 
recurrence of cystine uroliths. Preventative therapy may 
be titrated to maintain a negative cyanide-nitroprusside test 
result. 23 Because the tendency for cystine uroliths to develop 
decreases with increasing age, it may be possible to discon¬ 
tinue preventative therapy in older dogs, particularly if it has 
been several years since uroliths were detected. 23 ' 115 
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A few dogs receiving treatment to prevent cystine uroliths 
reforming have developed struvite uroliths. 115 This possibility 
should be considered if a urolith forms while a dog is receiv¬ 
ing preventative therapy particularly if it is unresponsive to 

2-MPG or if UTI is present. 


In humans and cats, chronic hyperc alcemic disorders other 
than primary hyperparathyroidism may cause hypercalciuria, 
thereby predisposing to calcium oxalate or calcium phosphate 
uroliths. 6 ' U9121 However, hypercalcemic disorders, other than 
primary hyperparathyroidism, that cause hypercalciuria rarely 
result in calcium-containing uroliths in dogs. Similarly, 
almost all humans with hypercalcemia who form uroliths 
have primary hyperparathyroidism.® Hypercald tiria in dogs 
without primary hyperparathyroidism more commonly results 
in calcium oxalate urolithiasis. 

Although renal tubular acidosis is a common contributing 
factor to formation of calcium phosphate uroliths in humans, 
this has not been documented in dogs, 8 - 53122 Struvite urolithia¬ 
sis has been reported in two dogs with renal tubular acidosis . 122 

Dogs with urinary tract hemorrhage may develop blood 
clots that become mineralized with calcium phosphate. 53 
These may not be true calcium phosphate uroliths 
though the mineral component is composed of calcium phos¬ 
phate, because they probably do not contain the same matrix 
proteins or ultrastructure as typical caldum phosphate uroliths. 

/ 

Inhibitors of Calcium Phosphate Urine contains sub¬ 
stances that act to inhibit precipitation or growth of caldum 
phosphate crystals including pyrophosphates, dtrate, magne¬ 
sium, and nephrocalcin. 53 In urine, dtrate forms complexes 
with calcium that are more soluble than calcium phosphate, 
lowering the ionic calcium concentration. The reader is 
referred to Inhibitors of Caldum Oxalate in this chapter for 
additional information on these inhibitors. 

Treatment of Caldum Phosphate Urolithiasis 

Calcium phosphate uroliths have been reported to dissolve in 
a few dogs after parathyroidectomy for treatment of primary 
hyperparathyroidism. 53 How frequently this 
unknown. Because calcium phosphate uroliths are frequently 
multiple small uroliths, waiting for spontaneous resolution of 
urocystoliths does carry an inherent risk of urethral obstruc¬ 
tion. Therefore urolith removal by surgical or nonsurgical 
methods should also be considered. 

Prevention of Calcium Phosphate Urolithiasis 

The emphasis in prevention of caldum phosphate uroliths 
should initially be to diagnose and treat any underlyi 
predisposing conditions. The patient should be evaluati 
evidence of primary hyperparathyroidism, hypercalcemia, 
hypercalciuria, hyperphosphaturia, or inappropriately alkaline 
urine pH. If dietary therapy, potassium dtrate therapy, or 
sodium bicarbonate therapy have been used previously to 
alkalinize the urine and prevent another type of urolith, 
neutral urine pH should be the target. However, the urine 
should not be addified because this increases the risk of calcium 
oxalate urolith formation, which is more common in dogs, : 

Hie optimal preventative diet for prevention of calcium 
phosphate uroliths in dogs is unknown. As with all urolith 
types, increasing net water intake through feeding a canned 
diet is likely to be the most important dietary factor. At pre¬ 
sent, the authors offer similar dietary recommendations to 
those for prevention of calcium oxalate urolithiasis for dog 
with caldum phosphate uroliths. The main caution is to avoid 
excessive alkalinization of the urine, which may occur with 
some diets used for prevention of caldum oxalate uroliths. 


CALCIUM PHOSPHATE UROLITHIASIS 


Most pure calcium phosphate uroliths in dogs are composed 
of hydroxyapatite; brushite (caldum hydrogen phosphate 
dehydrate) is less common and whitlockite [calcium 
orthophosphate) is rare. 53 Hydroxyapatite is also 
component of uroliths predominantly composed of struvite, 
with the hydroxyapatite either mixed throughout the urolith 
or as a distinct layer [sometimes an outer shell) within the 
urolith. Brushite uroliths tend to occur as multiple smaller 
cystoliths with either a smooth round surface or a pyramidal 
shape [see Table 267-1), whereas hydroxyapatite occur as mul¬ 
tiple small uroliths with variable surface characteristics. 
Calcium phosphate uroliths are moderately to markedly 
radiopaque on abdominal radiographs, thus they can be readily 
di ago osed with high -q u ality abdomin al radiographs. Because of 
their size and shape, they often cause urethral obstruction. 

Epidemiology of Calcium Phosphate Urolithiasis 

Pure calcium phosphate uroliths are uncommon in dogs, com¬ 
prising only 0,3% to 0.6% of uroliths submitted to the 

Minnesota Urolith Center per year. 10 ' 53 Breeds most 
monly affected with calcium phosphate uroliths include the 
Yorkshire terrier, miniature schnauzer, Bichon friese, Shih 
Tzu, Springer spaniel, Pomeranian, miniature poodle, and 
cocker spaniel 53 For pure brushite uroliths, male dogs (75%) 
are more commonly affected than female dogs (24%), 
whereas with hydroxyapatite, male dogs are only slightly 
more commonly affected (52%) than female dogs [48%), 
Although pure calcium phosphate uroliths are uncommon, 
calcium phosphate occurs as a part of many uroliths that 
predominantly composed (>70%) of struvite or calcium 
oxalate 35 Viewed in this manner, caldum phosphate-containing 
uroliths are the third most common type of urolith . 3S However, 
the majority of uroliths that contain minor amounts of 
calcium phosphate are usually classified based on their major 
crystalline component of struvite or calcium oxalate. 8 * 10 

Etio pathogenesis of Calcium Phosphate Urolithiasis 

Caldum phosphate saturation in the urine is affected by the 
concentrations of caldum and phosphate, the urine pH, and 

inhibitors of the calcium phosphate crystal system. a ' 53 
Alkaline urine pH decreases the solubility of hydroxyapatite 
and may contribute to calcium phosphate urolith formation. 
Excessive urinary alkalinization (>7.5) in an attempt to pre¬ 
vent calcium oxalate or other type of uroliths in dogs may 
contribute to the formation of caldum phosphate uroliths. 
Excessive urinary excretion of caldum (hypercalduria) and 
phosphate (hyperphosphaturia) also results in an increased 
risk of calcium phosphate urolith formation, 

L Li J dum-containing uroliths have been reported to 
in 30% to 40% of dogs with primary hyperparathyroidism. 51 * 52 
Primary hyperparathyroidism results in hypercalcemia, 
hypophosphatemia, hyperphosph aturia, Hyperc aid uria, and 
alkaline urine pH. 51 * 52 The combination of increased urinary 
excretion of caldum and phosphate increases the degree of 
saturation of caldum phosphate predisposing to urolith for¬ 
mation. The increase in urine pH lowers the solubility of caldum 
phosphate Uroliths from dogs with primary hyperparathy¬ 
roidism may be composed of either caldum phosphate, caldum 
oxalate, or mixtures of caldum oxalate and caldum phosphate, 
with caldum phosphate being most common. 51 * 53 
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SILICA UROLITHIASIS 


Silica (silicon dioxide) uroliths are relatively infrequently 
diagnosed, accounting for just 0.9% of specimens submitted 
to the Minnesota Urolith Center. 10 The mean age of affected 
dogs was 7,2 ± 3,1 years (range 1 to 17 years) and most {93%) 
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of the affected dogs were male. Silica-containing nephroliths 
are rarely encountered in dogs from the United States, 10 - 113 - 123 
although a very high prevalence of silica-containing 
nephroliths without accompanying cystoliths has been 
reported to occur in native Kenyan dogs. 124 Although many 
silica uroliths are pure, some are composed of multiple dis¬ 
tinct layers, with oxalate and struvite being the most common 
additional minerals. 123 This observation has relevance when 
breed risks are considered; German shepherd dogs and Old 
English sheepdogs are at increased risk for developing silica 
uroliths, and when these develop they are typically pure, 
whereas additional breeds that are over-represented (includ¬ 
ing the miniature schnauzer, Shih Tzu, Lhasa Apso, and 
Yorkshire Terrier) are recognized to be at high-risk for 
development of uroliths generally, and they commonly form 
uroliths that are multilayered and incorporate other mineral 
types. 


pyrophosphate-containing uroliths results from an enzymatic 
dysfunction similar to the recognized human condition of 
hypophosphatasia, leading to pyrophosphate supersaturation 
of the urine. 127 


MIXED AND COMPOUND UROLITHS 


Many uroliths are impure. In fact, in one study, only 29% of 
specimens in females and 61% of specimens in males were 
composed of a single mineral substance 35 If uroliths do not 
contain a predominant mineral (typically defined as >70%), 
they may be classified as mixed; mixed uroliths comprised 
1.9% of uroliths submitted to the Minnesota Urolith Center, 
with an additional 6.6% of uroliths being described 
pound in composition. 10 Compound uroliths are those in 
which distinct layers are present, with each layer having a dif¬ 
ferent mineral composition. Management of compound 
uroliths is challenging. In principle, dissolution of compound 
uroliths may be achieved by first instituting protocols designed 
to dissolve the mineral that is predicted to form the outer layer 
of the urolith and then altering the protocol according to the 
predicted composition of the inner layer or layers. In practice, 
the probability that the mineral composition of each layer will 
be successfully predicted, and that all mineral layers will he of 
a type amenable to medical dissolution is quite low, thus most 
compound uroliths are treated surgically or removed by other 
non surgical techniques. After removal of a compound urolith, 
a strategy needs to be implemented to try to prevent recurrent 
urolithiasis. In general, the strategy is to try to prevent the 
reformation of whatever mineral composed the core of the 
removed urolith, because the outer layer or layers may not 
have formed had there not been a mineral substrate present on 
which heterogeneous nucleation could occur. Specific strate¬ 
gies designed to prevent the recurrence of compound uroliths 
of varying composition were reviewed recently. 128 The reader 
is also referred to the section on compound calcium oxalate 
and struvite urolithiasis in this chapter. 


as com- 


123 


Most silica uroliths have a "jaekstone" configuration unless 
an outer layer of mineral (typically struvite) masks their char¬ 
acteristic appearance. 125 Multiple uroliths 
On cross-section, silica uroliths are distinctly laminated. The 
radi opacity of silica uroliths is similar to that of struvite. 17 


often present. 


Etlopathogenesis of Silica Urolithiasis 

It is proposed that the development of silica uroliths occurs due 
to an increase in dietary intake of this mineral. Animal protein 
contains very low concentrations of silica. Therefore dietary 
sources are likely to be of plant origin or due to ingestion of soil 
either directly or by contamination of crops during harvesting. 
The plant sources that have been implicated in the pathogene¬ 
sis of silica uroliths include rice and soybean hulls, which may 
be added to diets to provide bulk and thus aid in the manage¬ 
ment of obesity, and com gluten feed, which is added to some 
poor q uality pet foods as a ch eap source of protein. 125 The high 
prevalence of silica-containing nephroliths in native dogs in 
Kenya is proposed to be due to either consumption of maize 
me al or due to a high silica content in the local groundwater. 124 
Silica uroliths develop in humans that consume large quantities 
of antacids containing magnesium trisilicate, and this has been 
replicated experimentally in a beagle dog. 125 

Treatment and Prevention of Silica Urolithiasis 

Effective protocols for the dissolution of silica-containing 
uroliths have not been identified. The risk of silica uroliths 
reforming is not well documented; in one study of silica 
uroliths* 12% of dogs had had a previous episode of urolithiasis, 
but in most cases it was not known whether the previous 
urolith was also composed of silica. 123 The empiric recommen¬ 
dations for reducing the risk of silica uroliths reforming are to 
change the diet to one in which the vegetable content is limited 
and to avoid the ingestion of soil, 125 As with all uroliths, 
increased water intake should be promoted to decrease the 
resulting concentration of calculogenic material in urine. 






c n 


URETHRAL OBSTRUCTION 


Urethral obstruction may occur due to mechanical or func¬ 
tional causes. Functional obstruction results from failure of 
coordination of urethral relaxation with detrusor contraction 
(reflex dyssynergia). 1 ^ 130 The reader is referred to Chapter 29 
for the diagnostic approach to dogs with urinary retention. 

Urethral obstruction is life threatening when complete. 
Dogs with urethral obstruction should be evaluated for hyper¬ 
kalemia and metabolic acidosis because these may be life 
threatening. Common causes of urethral obstruction include 
urethroliths, blood dots, urethral strictures, one-way valve 
effects from proliferations of the urothelium such as neopla¬ 
sia or proliferative urethritis, urinary bladder entrapment in 
perineal or inguinal hernias, and penile fractures. 25 - 131132 

Urocystoliths small enough to fit into the urethra may 

become lodged in the urethra and are termed urethrvliths. 

Blood clots causing urethral obstruction may originate from 

bleeding in the kidney or bladder. 131 Several types of neopla¬ 
sia may cause urethral obstruction, including transitional cell 
carcinoma (most common), prostatic adenocarcinoma, 
leiomyoma, leiomyosarcoma, squamous cell carcinoma, myx¬ 
osarcoma, and lymphoma, 133 136 The reader is referred to 
Chapter 188 for additional information. 

Urethral strictures may form secondary to previous ure¬ 
thral injury from surgery, urethroliths, external trauma, or 
iatrogenic trauma from prior urethral catheterization. Firm 
polypropylene urinary catheters should not be used as 
indwelling urethral catheters because they often cause 


UNCOMMON UROLITHS 


Drugs and drug-metabolites may form uroliths of pure, 
mixed, or compound composition. The class of drugs that is 
most commonly incorporated into uroliths is the sulfon¬ 
amides, although this is still a rare occurrence?In addition, 
there have been single reported cases of ciprofloxacin, primi¬ 
done, and tetracycline uroliths developing in dogs receiving 
these drugs. 35 - 126 A urolith composed of potassium, magne¬ 
sium, and pyrophosphate (persmte ) has been reported in a 
collie dog and four Persian cats. 127 The composition of this 
urolith is unexpected inasmuch as inorganic pyrophosphate is 
generally considered to be an inhibitor of urolith formation. 
The authors of the report speculate that formation of 
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Figure 267-10 Dilation of a urethral stric¬ 
ture. A, CysLoscopic view of a urethral stricture 
in the proximal urethra with a diameter of less 
than 1mm (arrow). E, Cystoscopic view of the 
p roximaJ urethra after di lation of th e stricture to 

5 mm. 


mucosal trauma and irritation that may lead to stricture for¬ 
mation. 1 * Documentation of the site and extent of urethral 
strictures is best accomplished by positive-contrast urethrog¬ 
raphy. Although urethral strictures are often treated surgically, 
they may also be dilated using balloon dilation catheters in 
male dogs or using urethral or ureteral dilation sets in female 

dogs (Figure 267-10). 

Chronic inflammatory conditions (e*g, f UTI, urolithiasis) may 
cause mucosal thickening and proliferation, which has been 
termed granulomatous urethritis or proliferative urethritis 2 ^ 2 
Proliferative urethritis is a more accurate description of the dis¬ 
ease because the mucosa does not contain a granulomatous 
inflammatory infiltrate in all dogs, and proliferation of the 
thral mucosa is commonly observed during ureth rocystoscopy. 
The mucosa] proliferations are often bands of tissue that are con¬ 
nected to the urethral mucosa on each end, unlike the papillary 
projections of transitional cell carcinoma, 7 The mucosal prolifer¬ 
ations cause a one-way valve effect that causes outflow obstruc¬ 
tion but often permits retrograde passage of urethral catheters. 
Digital rectal palpation of dogs with proliferative urethritis 
reveals a thickened and firm urethra. The site of obstruction 
be confirmed by voiding contrast urethrography or urethrocys- 
toscopy Proliferative urethritis should be differentiated from 
urethral neoplasia by cytology and histopathology. 

Treatment of proliferative urethritis requires effective 
trol of the UTJ if this is the underlying cause If the lesions fail 
to regress with adequate control of the UT1, immunosup¬ 
pressive therapy with prednisone (2.2 mg/kg orally, every 
12 hours) with or without cyclophosphamide may be added to 
antimicrobial therapy. 137 However, immunosuppression may 
exacerbate the underlying infection and is not consistently 
effective for resolving the lesions. The efficacy of nonsteroidal 
anti-inflammatory drugs (NSAIDs) for treatment of prolifera¬ 
tive urethritis has not been reported. Prognosis is guarded in 
dogs with urethral obstruction from proliferative urethritis 
because some dogs fail to respond to the immunosuppressive 
therapy, and immunosuppression may prevent resolution of 
the underlying UTT, Urinary diversion via an indwelling 
urethral catheter or tube cystostomy may be required during 
initial medical therapy to bypass the urethral obstruction until 
the dog is able to void urine. 13 " ,3K Surgical resection of a distal 
urethra] obstruction and vaginourcthrop 1 asty was successful in 
treating proliferative urethritis in one dog, 1M 


incision during celiotomy, penetrating abdominal or perineal 
wounds* iatrogenic injury from improper cystocentesis tech¬ 
nique or from rigid instruments (rigid cystoscopes, polypropy¬ 
lene or metal catheters), or from overdistension of the 
urinary bladder. Potential types of injury include contusions 
of the bladder or urethra, urethral tears, rupture or avulsion, 
urinary bladder rupture, and penile fracture. 

Clinical signs of urinary tract trauma depend on the loca¬ 
tion of the trauma, duration and extent of urinary leakage, and 
the presence or absence of concurrent UTI. Contusions of the 
LUT may be asymptomatic or may cause hematuria, dysuria, 
and pollakiuria. Dogs with bladder or urethral rupture or ure¬ 
thral avulsion may be unable to urinate or may pass small 
amounts of bloody urine. Persistent intra-abdominal leakage 
of urine from a ruptured urinary bladder causes chemical 
peritonitis and postrenal azotemia manifested by lethargy, 
anorexia, vomiting, dehydration, abdominal distention, or 
pain on abdominal palpation. Transient urinary leakage caused 
by cystocentesis of an overd is tended bladder, or from small 
rents in the urinary bladder wall as a result of overdistension 
during contrast cystography, does not usually cause clinical 
signs unless concurrent UTI is found. Bacterial peritonitis may 
result from even transient leakage of infected urine into the 
abdominal cavity. 

! he potential for concurrent damage to the urinary tract 
should be considered in all dogs with abdominal, pelvic 
perineal trauma. Diagnosis of the extent and location of trau¬ 
matic injury is accomplished by either positive-contrast retro¬ 
grade urethrocystography or ureth rocystoscopy. During 
contrast urethrocystography, urinary tract rupture is con¬ 
firmed by either direct visualization of leakage of contrast 
material from the urinary' tract or by increased radiopacity of 
the abdominal cavity compared with radiographs obtained 
before injection of contrast (Figure 267*11), Passage of firm 
polypropylene urinary catheters should be avoided if urethral 
tears or lacerations are suspected because the catheter tip may 
enlarge urethral tears. Likewise, the ability to pass a urinary 
catheter and obtain urine from the bladder is insufficient to 
rule out urethral or bladder rupture. Urethrocystoscopy 
allows direct visualization of the location and extent of LUT 
injury, but the cystoseopc should only be advanced under 
direct visualization of the lumen. If abdominal fluid is present, 
determination of the creatinine concentration of the fluid 
and comparison to the serum creatinine concentration is 
recommended rather than measurement of urea nitrogen con¬ 
centrations because urea rapidly equilibrates across the peri¬ 
toneum* Urinary leakage can be confirmed by finding 
abdominal fluid creatinine concentrations more than one and 
a half to twofold higher than the serum concentration. 


ure- 
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U RINARY TRACT TRAUMA 


Trauma to the urinary tract may be caused by blunt force 
[particularly in association with pelvic fractures), accidental 
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Fungal UTI is less commonly diagnosed than bacterial UTI, 
with the most common isolate being Candida albieans. m In 
one study, all affected dogs had concurrent illnesses or 
received medications that were likely to have predisposed to 
fungal UTI. 139 Potential reasons for development of fungal 
UTI in dogs include surgery or instrumentation of the urinary 
tract, corticosteroid administration or hyperadrenocortiasm, 
chemotherapy, and chronic antibiotic therapy. Persistent fun- 
guria should be documented before concluding that fungal 
UTI is present to exclude the possibility that contamination of 
the sample occurred ex vivo. Spontaneous resolution of fungal 
UTI occurred in two of 13 dogs in one study 139 Oral flucona¬ 
zole, flucytosine, or both may he effective for treatment of 
fungal LTT1 caused by Catidida spp. Although both flucona¬ 
zole and flucytosine are renally excreted, some stains of 
Candida are resistant to these drugs, Lin fortunately, in vitro 
susceptibility testing for antifungal drugs is not readily avail¬ 
able. Intravesical infusions of clotrimazole may be required to 
resolve candidiasis of the LUT in some dogs. u " Effective man¬ 
agement of the underlying condition that predisposed the dog 
to fungal UTT is required for long-term control of infection. 

Polypoid cystitis is a relatively uncommon disease of the 
bladder characterized by inflammation, epithelial prolifera¬ 
tion, and development of a polypoid mass or masses without 
histopathologic evidence of neoplasia, 141 Polypoid cystitis 
probably develops due to a hyperplastic inflammatory reac¬ 
tion secondary to chronic irritation of the bladder from recur¬ 
rent UTI or urolithiasis. Dogs with polypoid cystitis have 
clinical signs of hematuria or LUT inflammation such as 
dysuria, stranguria, and pollakiuria. Female dogs are much 
more commonly affected than male dogs. 141 Ultrasonographic 
evaluation reveals single or multiple polypoid projections into 
the bladder lumen without distortion of the layers of the blad¬ 
der wall (Figure 267-12). Diffuse thickening of the bladder 

wall may occur in some cases. Cystoscopy reveals polypoid 
projections in the bladder, which are sometimes difficult to 
definitively differentiate from transitional cell carcinoma 
(Figure 267-13). Papillary mucosal proliferative lesions with 
large blood vessels that extend to the tip of the projection are 
more characteristic of TCC than polypoid cystitis. Polypoid 
cystitis occurs more commonly in the cranioventral portion of 
the bladder, whereas transitional cell carcinoma occurs more 
commonly in the trigone of the bladder; however, the location 
and appearance of polypoid masses alone is insufficient for 
differentiating these diseases. Therefore biopsies of all polyps 
and papillary masses should be obtained for cytology and 
histo pathology. 
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Figure 267^11 Contrast urethrocystography confirming urinary 

leakage secondary to traumatic cystocenteris of an overdistended 
urinary bladder A, Abdominal radiographs showing loss of intra¬ 
abdominal detail secondary to uroabdomen. B, Positive-contrast 
urethrocystogram failed to demonstrate a leak from the urinary 
bladder; however, the intra-abdominal fluid is more radiopaque 
tlian before filling the bladder with contrast media, confirming 
urinary leakage. 






Surgical repair is required for treatment of large rents 
in the urinary bladder, urethral avulsion, and large urethral 
lacerations. Small tears in the urethra or bladder wall may be 
treated conservatively by urinary diversion using an 
indwelling urethral catheter or by tube cystostomy. n7 -Such 
small tears usually heal within 5 to 10 days. The healing pro¬ 
be re-evaluated by positive-contrast radiography or 
urethrocystoscopy. Likewise, contusions of the LUT heal 
withm 3 to 5 days and do not require specific therapy. 
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INFLAMMATORY CONDITIONS OF BLADDER 
AND URETHRA 
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Inflammation of the bladder and urethra are termed cystitis 
and urethritis, respectively. Most conditions causing inflamma¬ 
tion of the LUT affect both the bladder and urethra. Clinical 
signs of LUT inflammation include dysuria, stranguria, pollak- 
iuria, and hematuria. By far the most common inflammatory 
condition of the canine LUT is bacterial infection of the blad¬ 
der and urethra. (The reader is referred to Chapter 262 for 
additional information about bacterial UTI.) Dogs with 
chronic UTI may have follicular cystitis characterized by mul¬ 
tiple small mucosal follicles seen in the bladder, urethra, and 
vaginal vestibule, which are visible during cystoscopy. These 
follicles contain lymphoid infiltrates and they regress sponta¬ 
neously with control of the UTL Follicular cystitis must be 
differentiated from polypoid cystitis and neoplasia. 
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Figure 267-12 Ultrasonographic image of polypoid cystitis in a 

dog showing multiple polypoid projections famoutfj along the 
cranio ventral portion of the bladder. 
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Figure 267-13 Polypoid cystitis and transi¬ 
tional cell carcinoma of the urinary hladder 
sometimes difficult to differentiate visually 
A, Cystoscopic image of polypoid cystitis from 
the dog m Figure 267-12. B, Transitional cell 

carcinoma of the urinary bladder of a dog. 


are 


Although effective management of UTI may result in 
spontaneous resolution of polypoid cystitis m a few cases, 
removal of the polyps by surgery or cystoscopy is required in 
most dogs. Surgical options include excisional biopsy of the 
polypoid masses or partial cystectomy of areas that are dif¬ 
fusely affected. 141 Cystoscopic resection of the isolated polyps 
may be performed using biopsy forceps, electrocautery loops, 
or the holmium laser. 

Emphysematous cystitis is an uncommon form of bacterial 
cystitis characterized by gas production within the layers of 
the bladder wall. Emphysematous cystitis usually occurs from 
intramural gas production from bacterial fermentation of glu¬ 
cose in dogs with UTI and glucosuria. Diagnosis is made based 
on gas accumulation in the bladder wall visible of abdominal 
radiographs. Treatment involves effective treatment of the 
UTI and control of glucosuria. 

Cyclophosphamide-induced cystitis is a sterile hemor¬ 
rhagic cystitis caused by urinary excretion of acrolein, a 
metabolite of cyclophosphamide Administration of furosemide 
concurrendy with cyclophosphamide reduces the risk of cys¬ 
titis developing. 142 Thiazide diuretics should not he used for 
this purpose because they may potentiate the myelotoxic 
effects of cyclophosphamide. N2 Treatment consists of discon¬ 
tinuation of cyclophosphamide therapy short-term symp¬ 
tomatic therapy (e.g., narcotics for analgesia), and treatment 
of secondary UTI Parasitic cystitis, caused by mucosal or sub¬ 
mucosal invasion by the adult stage of CapiHaria plica , is an 
uncommon disease in dogs. Cap ill aria sis may be associated 
with clinical signs of dysuria, stranguria, and pollakiuria. 
Capillariasis is diagnosed by identification of the double- 
operculated ova during urinalysis. Treatment with ivermectin 
(0,2 mg/kg subcutaneously) eliminates the infection and 
improves clinical signs. In dogs that cannot be treated with 
ivermectin, an alternative therapy is fenbendazole (50 mg/kg 
orally, daily for 5 days). 


referred to Chapter 30 for the clinical signs and diagnostic 
approach to urinary incontinence. Box 267-2 lists common 
causes of urinary incontinence in dogs. 


Urethral Incompetence In Female Dogs 

Urethral incompetence (also called urethral sphincter mecha¬ 
nism incompetence ) is the most common cause of incontinence 
in adult female dogs and usually occurs months to years after 
neutering. Congenital anatomic or functional abnormalities of 
the urethra may also result in urethral incompetence. Urethral 
incompetence frequently occurs concurrently in dogs with 
ectopic ureters due to malformation of the urethra (see Figure 
267-1) and can result in treatment failure after surgical 
correction of ectopic ureters. 143 

Urethra] incompetence may be confirmed by documenting 
decreased urethral closure pressure by urethral pressure pro- 
filometry; however, urodynamic equipment is only available 
at some referral hospitals. Although urodynamic confirma¬ 
tion is unnecessary in most cases, urodynamic evaluation 
should be considered for dogs with urinary incontinence 
that is unresponsive to standard treatment. 144145 Alpha- 
adrenergic agonists (phenylpropanolamine, ephedrine, 
pseudoephedrine) or estrogen (diethylstilbestrol or estriol) 
are recommended for treatment of urethral incompetence in 
female dogs. Phenylpropanolamine (1.1 to 1.5 mg/kg orally, 
every 8 hours) is effective in approximately 85% to 90% of 
female dogs with urethral incompetence. 1 * 14 ^ 
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Estrogen therapy 
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Causes of Urinary Incontinence 


Urethral incompetence 
Ectopic ureters 
Neurologic disorders 

Urge incontinence (secondary to urinary tract infection 
[UTI] or uroliths) 

Idiopathic detrusor instability 
Paradoxic (overflowj incontinence 

•• _ ■ ■ • - ■ ■ ■ M B4 • n ■ I 4 ■ 

Ureterocele 

Pelvic bladder 

U reterovag i na I o r u reth rorecta I fl stu la 
Potent urachus 


URINARY INCONTINENCE 


Urinary incontinence is defined as loss of voluntary control of 
urination resulting in leakage of urine from the urinary system 
to the exterior of the body. Urinary incontinence occurs either 
when intravesicular pressure is greater than urethral pressures 
(due to decreased detrusor compliance or poor urethral pres¬ 
sures) or due to anatomic abnormalities that bypass the 
normal continence mechanisms (e.g., ectopic ureters). Urinary 
incontinence must be differentiated from inappropriate uri¬ 
nation associated with dysuria and pollakiuria. The reader is 
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LUT (e,g. r urolithiasis, UT1], this is termed urge incontinence 
(see Box 267-2). Clinical signs of dogs with urge incontinence 

may also include pollakiuria, stranguria, and dysuria. If no 
identifiable cause of decreased detrusor compliance is 
identified, this is termed idiopathic detrusor bistability/ In one 
study of 77 dogs with refractory urinary incontinence, 10 dogs 
had poor bladder storage function alone and 15 dogs had both 
detrusor dysfunction and concurrent urethral incompetence. 
Treatment of detrusor instability is by anticholinergic 
medications (oxybutynin, imipramine, or dicyclomine) to 
decrease detrusor contractions during storage of urine. 7 - 154 
Although oxybutynin (0.2 mg/kg orally, every 8 to 12 hours) 
has been most commonly recommended, dicyclomine 
appeared to have a greater effect on detrusor compliance in 
normal dogs than oxybutynin* 154 Clinical effectiveness of 
dicyclomine has not been reported in dogs with idiopathic 
detrusor instability Imipramine is a tricyclic antidepressant 
medication that has anticholinergic effects to facilitate urine 
storage and also increases urethral closure pressure. Therefore 
imipramine may be effective for dogs with mixed inconti¬ 
nence due to detrusor dysfunction and concurrent urethral 
incompetence. 

Urinary Incontinence in Male Dogs 

Urinary incontinence occurs much less commonly in male 
than female dogs and urethral incompetence is a less common 
cause in male dogs. 155 In one study only five of 38 incontinent 
males dogs had urethral incompetence. 156 Surgical procedures 
involving the proximal urethra and prostate are a common 
iatrogenic cause of urinary incontinence in male dogs, because 
the proximal urethra is integral in maintaining continence in 
male dogs. 155 Urethral incompetence in male dogs may be 
treated with a-adrenergic medications (phenylpropanolamine: 
LI to 1.5 mg/kg orally, every 8 hours) or ^testosterone cypionate 
(2*2 mg/kg intramuscularly, every 30 days)* Testosterone has 
potential side effects including prostate disease and behavioral 
aggression; therefore some authors discourage use of testos¬ 
terone for treatment of urethral incompetence* Unfortunately, 
less than 50% of dogs with urethral incompetence are respon¬ 
sive to phenylpropanolamine. 155 Therefore surgical correction 
by vasopexy is recommended in male dogs with urethral incom¬ 
petence that are unresponsive to phenylpropanolamine, 157 The 
authors have diagnosed several male dogs with idiopathic 
detrusor instability that were responsive to oxybutynin; there¬ 
fore urodynamic evaluation is recommended prior to surgical 
thera py. 

Ectopic Ureters 

The re ader is referre d to the ch aptc r on Diseases of the Ureter 
for discussion of ectopic ureters. Ectopic ureters are commonly 
associated with anatomic and functional abnormalities of the 
bladder and urethra * 3 - 143 ' 158 Urodynamic evaluation of nine 
dogs with ectopic ureters revealed that four of nine dogs had 
decreased detrusor compliance and seven of nine had poor 
urethral function* 143 Therefore urodynamic evaluation is rec¬ 
ommended prior to surgical correction of ectopic ureters to aid 
in predicting whether the dog will be continent after surgery. 
Anatomic abnormalities of the urethra and vaginal vestibule 
are common in dog with ectopic ureters (see Figure 267-1 ). 3 
Ureteral troughs, fenestrations, and the intramural ureter in the 
dorsal urethral wall may all affect the ability of the urethra to 
generate adequate closure pressure. Therefore some authors 
have suggested removal of the submucosal ureteral remnants 
from the trigone and urethra with reconstruction of the mus¬ 
cular defect caused by the resection in addition to surgical cor¬ 
rection of the location of the ureteral opening. 15 * Urinary 
continence is improved by this more aggressive surgical 
approach in dogs with multiple anatomic abnormalities. 1 


increases urethral closure pressure by increasing the density 
and responsiveness of a-adrenergic receptors in urethral 
smooth muscle. Estrogen therapy is effective in approximately 
50% to 65% of female dogs with urethral incompetence, 147 
Excessive doses of estrogen may cause severe bone marrow 
suppression; therefore owners should be cautioned not to 
exceed recommended doses and CBCs should be monitored 
in dogs receiving estrogen therapy, Diethylstilbestrol is admin¬ 
istered at 0,1 to 0.2 mg/kg orally, daily (maximum dose 1 
mg/dog) for 5 days, followed by the same dose once to twice 
a week. The maximum maintenance dose of diethylstilbestrol 
is 0.2 mg/kg/wk. The minimum effective dose should be used 
for maintenance. 

Low-dose daily estrogen using estriol has recently been 
suggested as an alternative to diethylstilbestrol* NB Estriol is 
administered at a dose of 2 mg orally, daily for 1 week, then 
the dose is reduced at weekly intervals to the minimal effec¬ 
tive dose (typically 0.5 to 2.0 mg/dog given daily or every 
other day). In one study of 129 dogs, there was no evidence of 
bone marrow toxicity when estriol was administered for 
42 days. 148 Although some authors suggest that low-dose daily 
estrogen therapy may be more effective than weekly therapy 
with diethylstilbestrol, the long-term safety of low-dose 
daily estrogen has not been reported. 

Because estrogen up-regulates the oi-adre n ergi c receptors 
that phenylpropanolamine stimulates, combination therapy 
with these medications is synergistic. Therefore female dogs 
that are refractory to either medication alone may respond to 
combination therapy For dogs that are refractory to combina¬ 
tion therapy, urodynamic evaluation is recommended. 
Alternative therapies for dogs with refractory urinary inconti¬ 
nence due to confirmed urethral incompetence include cysto- 
scopic injections of bulk-enhancing agents (glutaraldehyde 
cross-linked collagen) or surgical methods to increase urethral 
resista nee, 149 ~ 151 Pe ri ure th ral inj ecti on of collagen n arrows the 
urethral lumen and allows for more effective closure of the 
urethra by existing urethral pressure* Periurethral injection of 
collagen resolved urinary incontinence in 53% of dogs with an 
additional 22% that were improved with concurrent adminis¬ 
tration of phenylpropanolamine. 150 In the authors' experi¬ 
ence, repeat cystoscopic injections of collagen are required in 
some dogs weeks to months after initial injections. Surgical 
methods for treatment of refractory urinary incontinence 
include colposuspension and urethropexy. 149 - 151 - 152 Surgery 
resolves incontinence in approximately 50% of dogs, with an 
additional 25% to 40% being continent with concurrent 
administration of phenylpropanolamine. 149 - 351152 However, 
improvement may not he sustained with a 1-year response 
rate of only 14% in one study. 149 

An additional medical treatment for urinary incontinence 
that has been reported recently is the use of gonadotrophin- 
releasing hormone (GnRH) analogues. 153 Improved conti¬ 
nence was noted for several months after the subcutaneous 
administration of GnRH depot preparations, even though the 
bitches that were treated had not responded well to other 
treatments. This approach was investigated because of the 
observation that spayed bitches have very high concentrations 
of luteinizing hormone (LH) and follicle-stimulating hor¬ 
mone (FSH) compared with intact bitches, and the treatment 
was shown to decrease the concentration of these hormones. 

Detrusor Instability and Urge Incontinence 

Although urethral incompetence is the most common cause 
of urinary incontinence, this may also occur due to detrusor 
contraction during storage of urine or due to low compliance 
of the detrusor muscle, which may be confirmed by cys- 
tometrography* 7 - 145 When decreased detrusor compliance 
occurs secondary to inflammatory conditions affecting the 
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ANATOMIC ABNORMALITIES 


Ureterocele 

A ureterocele is a cystic dilatation of the terminal portion of the 
ureter which often protrudes into the bladder lumen. 
Ureteroceles are classified as either orthotopic (also called 
intravesical), if the ureter opening is in a normal trigonal loca¬ 
tion, or ectopic , if the ureter opening is distal to the normal 
trigonal position. Ureteroceles may cause a variety of clinical 
signs depending on their size and whether or not the ureter is 
ectopic. Urinary- incontinence is the most common clinical 
sign of ureteroceles. 1 ^ 160 Ureteroceles may place pressure 
the bladder and proximal urethra resulting in functional uri¬ 
nary retention, or they may cause signs of dysuria, stranguria, 
and poilakiuria. Dogs with ureteroceles may also present for 
recurrent UTL Although ureteroceles are congenital abnor¬ 
malities, some dogs with ureteroceles do not develop clinical 
signs until later in life. ,5!> Ureteroceles may he associated with 
developmental or acquired abnormalities of the upper urinary 
tract or LUT, including moderate to severe hydro ureter and 
hydronephrosis, ectopic ureters, and urethral anomalies. 

Ureteroceles are diagnosed by excretory urography or ultra¬ 
sonography. 

Treatment of ureteroceles depends on the type and extent 
of concurrent anomalies and whether or not the ureteral 
opening is ectopic. Excision of the ureterocele with reimplan¬ 
tation of the ureter is recommended for ectopic ureteroceles 
or ureteroceles associated with ureteral obstruction, 159 
Orthotopic ureteroceles may be incised cystoscopically or by 
cystotomy; however, this often results in vesicoureteral reflux 
that could contribute to pyelonephritis if UTI is also present. 

Urethral Prolapse 

Prolapse ol the urethral mucosa through the external urethral 
orifice is an acquired disease of male dogs, most common in 
English bulldogs {Figure 267-14).The proposed causes for 
urethral prolase include excessive sexual excitement or stran¬ 
guria associated with UTI or urolithiasis, 1610 Although small 
urethral prolapses may resolve spontaneously in some dogs, 1 * 
surgical correction is required in most cases. A recently reported 
urethropexy technique was successful in three of three dogs 
and is less invasive than surgical resection of the prolapsed 
tissue with apposition of the urethral and penile 

Vesicourachal Diverticula 

Vesicourachal diverticula are remnants of the urachal canal 
between the apex of the bladder and the umbilicus. 
Vesicourachal diverticula usually appear as an out pouching of 
the bladder wall near the bladder apex that can be diagnosed 
by contrast cystography or cystoscopy. Dogs with vesi¬ 
courachal diverticula are predisposed to recurrent UTI, pre¬ 
sumably from incomplete emptying of the urine in the dead 
space of the diverticula , l1wm Vesicourachal diverticula may 
resolve spontaneously if the underlying cause can he cor¬ 
rected.Surgical removal of urachal diverticula is recom¬ 
mended for dogs with persistent or recurrent UTls and for 
dogs undergoing surgical removal of urocystoliths. 




on 


Figure 267-14 Urethral prolapse showing eversion of the distal 
urethral mucosa. 
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in dogs. 1 ^ 167 Surgical correction of urethrorectal or 
ureterovaginal fistulas is recommended; however, surgical cor¬ 
rection of urethrorectal fistulas may be complicated by 
intrapelvic location and by concurrent infection. Resolution of 
secondary UTI is essential after surgical correction of 
throrectal fistulas and may require prolonged antimicrobial 
therapy. 


ure- 


Persistent Urachus 

Persistent urachus is an uncommon congenital abnormality in 
dogs where the entire urachal canal remains patent from the 
apex of the bladder to the umbilicus. The clinical signs are 
dribbling of urine through the umbilicus, and secondary UTI 
and omphalitis are common sequela. The diagnosis can be 
confirmed by performing contrast radiography by gently 
injecting iodinated contrast into the umbilicus. Treatment of 
persistent urachus is by surgical removal of the urachal canal. 

Pelvic Bladder 

Pelvic bladder is a term describing urinary bladders that have a 
blunt-shaped trigone, with the trigone located in an 
intrapelvic location associated with a shortened urethra. 170 
Pelvic bladder is controversial as to whether or not it is a 
cause of urinary incontinence or an artifact of how contrast 
urethrocystography is performed, T ™-> 73 The normal urinary 
bladder trigone tapers and connects to the urethra in an 
intra-abdominal location. The degree* of distention affects the 
location of the trigone; therefore the bladder should be properly 
distended during contrast urethrocystography before diagnos¬ 
ing pelvic bladder. Pelvic bladder may also be associated 
with increased incidence of UTI, although this 
has not been definitively proven. 170 Although some dogs with 
pelvic bladders do not have urinary incontinence 37}]72 ; other 
dogs w T ith pelvic bladders have refractory urinary inconti¬ 
nence without any other identifiable cause, 17 °r 173 Diagnosis of 
pelvic bladder is usually made by contrast urethrocystography, 
although the abnormal shape of the trigone can also be 
detected during cystoscopy, raising suspicion of the diagnosis. 
The authors’ approach to dogs with radiographic evidence of 
pelvic bladder is to-cule out other abnormalities that might 

urinary' incontinence (e.g., urethral incompetence, 
ectopic ureters). If concurrent urethral incompetence is 
present, combination medical therapy with estrogen and 
a-adrenergic agonists should be attempted prior to surgical 
intervention. If the dog is refractory to medical therapy, 
urethropexy or colposuspension are recommended to 
the bladder neck cranially. 
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Urethrorectal or Ureterovaginal Fistula 

Fistulas between the urethra and the rectum or between the 
ureter and vagina are 


uncommon conditions m dogs that may 
be congenital or acquired, Ureterovaginal fistulas usually 
lorm as a result of ovariohysterectomy when the ureter is acci¬ 
dentally included in a ligature around the vaginal stump. 
Urethrorectal fistulas may be congenital or may he acquired 
after pelvic trauma. Clinical signs of urethrorectal fistulas 
include passing of urine from the anus during voiding or recur¬ 
rent infections of the urogenital tract. m .m Urinary incontinence 
is the most common dinical sign of ureterovaginal fistulas 


cause 
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the intraluminal bladder pressure exceeds intraluminal 
ureteral pressure. This condition may result in transmission of 
lower urinary tract infection to the kidney. 2 It may also per¬ 
petuate lower urinary tract infection, because infected urine 
from the bladder refluxes into the ureter and then recontam¬ 
inates the bladder when it returns from the ureter In addition, 
renal parenchymal damage may result from increased 
intrapelvic pressure associated with ureterectasis and trans¬ 
mission of voiding pressure to the renal pelvis during reflux. 
Vesicoureteral refl ux is prevented in normal a ni ma Is by th e I on g, 
submucosal/intravesical portion of the ureter (ureterovesical 
valve), which collapses as pressure in the bladder increases. 
Factors that may affect the functioning of the ureterovesical 
valve include the length, diameter, pliability, and ratio of 
length to width of the intravesical portion of the ureter; 
ureteral peristalsis, detrusor muscle function, and intraluminal 
pressure of the ureters or urinary bladder 2 - 4 

Primary vesicoureteral reflux occurs in young dogs (7 to 
12 weeks old) and may be related to intrinsic maldevelop- 
ment of the ureterovesical junction, 2 The process is usually 
self-limiting, because the submucosal portion of the distal 
ureter elongates as the dog grows. Primary vesicoureteral 
reflux is rare in adult dogs. Secondary vesicoureteral reflux 
is acquired and may occur with inflammation of the vesi¬ 
coureteral junction, lower urinary tract obstruction, surgical 
damage, neurogenic disease of the bladder, and ectopic ureters. 2 

Maximum distension and voiding cystourethrography are 
the techniques most commonly used to diagnose vesi¬ 
coureteral reflux. A catheter is placed in the membranous or 
prostatic urethra, and iodinated contrast material is infused 
into the catheter until the bladder is distended enough to 
stimulate contraction of the detrusor muscle. Alternatively, 
external pressure can be applied to the bladder to express 
urine. Lateral radiographs are taken at the beginning oi void¬ 
ing of the contrast agent from the bladder, or voiding is mon¬ 
itored fluoroscopically. Vesicoureteral reflux may be seen 
during contrast filling of the bladder, during voiding, or both. 
Reflux can also be detected cystoscopically by filling the blad¬ 
der with a colored dye and then watching for this dye to he 
excreted from the ureters after the bladder is emptied and 
filled with clear fluid, 2 

Treatment of patients with vesicoureteral reflux should be 
aimed at eradication of urinary tract infections. Surgery may 
be indicated to treat predisposing factors such as obstructive 
lesions or ectopic ureters. Vesicoureteral reflux in young dogs 
is usually self-limiting and therefore requires no treatment. 


ANATOMY AND FUNCTION 


The ureters are fibromuscular ducts that carry urine from the 
renal pelves to the bladder. The course of the ureters is retroperi¬ 
toneal, adjacent to the caudal vena cava and aorta and ventral to 
the psoas muscle. The ureters reach the dorsolateral surface of 
the bladder through the lateral ligaments and turn from a caudal 
to a cranial direction before they enter the bladder at the cranial 

border of the tri gone. The degree of curvature of the ureters at 
the trigone depends on the degree of bladder distension. 
Recognition of this curvature is important in the evaluation of 
contrast radiographic studies and for catheterization of the 
ureters during surgery. Upon entering the bladder, the ureters 
course obliquely in the submucosa toward the bladder neck. This 
path through the bladder wall facilitates closure of the distal 
ureter wh en the bladder is distended with urine, preventing ret¬ 
rograde flow of urine from the bladder (vesicoureteral reflux). 

The ureteral wall is composed of an outer adventitial layer, 
a muscular layer, submucosa, and a mucosa of transitional 
epithelium. The muscular wall of the ureter consists of an 
outer longitudinal, middle circular, and inner longitudinal 
muscle layer except at the ureterovesical junction, where only 
longitudinal fibers are present. During diuresis, stretching of 
these muscle layers can result in a seventeenfold increase in 
the ureteral luminal diameter. 1 The normal width of the 
ureteral lumen in dogs is reported to be 0.07 times the length 
of the second lumbar vertebra, 2 

The blood supply to the ureter arises from the renal artery 
eranially and from the prostatic or vaginal arteries caudally. 
These vessels anastomose at the level of the adventitia in the 
ureteral wall. The ureteral veins follow the same path as the 
arteries. The ureters are innervated by autonomic fibers, but this 
innervation is not responsible for ureteral peristalsis. 2 Ureteral 
p eri sta Isis occu r$ wh en urine enters the u rete r, initi ati ng el ectri - 
cal impulses to be conducted between smooth muscle cells, If 
the peristaltic activity is initiated in the renal pelvis, urine is 
propelled toward the bladder. However, if peristaltic waves 
begin when urine enters the distal ureter because of an incom¬ 
petent ureterovesical junction, urine moves toward the kidney. 
Because ureteral peristalsis is myogenic (not neurogenic) in 
origin, ureteral peristalsis persists with transplantation. 

Ureteral contractions in normal dogs occur three to six 
times per minute 2 The frequency of contractions increases 
with diuresis to a maximum point. Once the maximum fre¬ 
quency has been reached, the ureter dilates, and urine stasis 
occurs. Ureteral peristalsis also is impaired by transection and 
anastomosis of the ureter. Two weeks after surgery, conduc¬ 
tion of peristaltic waves returns across the surgery site." 1 In 
addition, physical ureteral obstruction and some bacterial 
toxins can inhibit ureteral peristalsis. 4 
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CONGENITAL ANOMALIES 


Ectopic Ureter 

A ureter that enters the bladder distal to the trigone is consid¬ 
ered ectopic Ectopic ureters result from an embryo logic 
abnormality of the ureteral bud of the mesonephric duct. The 
degree of deviation of the ureteral bud from the normal posi¬ 
tion determines the location of the ectopic ureteral opening, 


VESICOURETERAL REFLUX 


Vesicoureteral reflux is flow of urine in a retrograde direction, 
from the urinary bladder into the ureters, that occurs when 
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which can be anywhere along the urethra or in the vagina or 
uterus. Ectopic ureters may be unilateral or bilateral and 
extramural or intramural* Extramural ectopic ureters bypass 

the urinary bladder entirely and insert at a distal location* 
Intramural ectopic ureters appear externally to enter the blad¬ 
der at the normal dorsolateral location; however, instead of 
opening in the trigone, the ureter traverses below the mucosa 
and opens in the bladder neck, urethra, or vagina. Reported 
variations to the intramural ectopic ureter include ureteral 
troughs, double ureteral openings, multiple fenestrated open¬ 
ings, and two intramural ureters opening in a single orifice. 5 
Ectopic ureters commonly are associated with other abnor¬ 
malities of the urogenital tract, including agenesis, hypoplasia, 
or irregular shape of the kidneys; hydroureter; ureterocele; 
urachal remnants; pelvic bladder; vulvovaginal strictures; and 

persistent hymen * 6 * 7 

The diagnosis of an ectopic ureter is usually made in young 
females. 5 - 7 It is possible that males with ectopic ureters 
undiagnosed because the length of the urethra and external 
urethral sphincter may prevent urine dribbling. Intramural, 
bilateral ectopic ureters are most commonly reported* 7 
A genetic basis for this disease has been suggested by the doc¬ 
umentation of ectopic ureters in litter mates and a report of 
a parent-offspring transmission. 7 Breeds reported to be at 
greater risk for ureteral ectopia include the Siberian husky, 
Labrador retriever, golden retriever, Newfoundland, English 
bulldog, West Highland white terrier, fox terrier, Skye terrier, 
and miniature and toy poodles. 7 Ectopic ureters have been 
rarely reported in cats. 

Dogs and cats with ureteral ectopia most commonly pre¬ 
sent with a history of continuous or intermittent incontinence 

since birth or weaning. The incontinence may be more severe 
when the animal is in a recumbent position* Normal urine 
voiding may also occur. On physical examination, the per¬ 
ineum may be soaked or stained with urine, or peri vulvar 
dermatitis may be noted. Male cats may have a constricted 
preputial orifice with dilatation of the sheath caused by urine 
accumulation. The results of hematologic studies and 
biochemistry profile usually are normal unless concurrent 
renal disease is present* Bacterial urinary tract infections have 
been reported to occur in 64% of patients with ectopic 
ureters. 5 These patients may be at greater risk of developing 
infection as a result of lack or dysfunction of the vesi¬ 
coureteral valve, impaired ureteral peristalsis, or stasis of urine 
in the lower urogenital tract. 

Several modalities have been used to diagnose ureteral 
ectopia. Traditional]y, contrast radiography has been 
mended. Excretory urography allows evaluation of the size 
and morphology of the kidneys and ureters. To improve the 
accuracy of evaluation of the ureteral insertion, excretory 
urography should be combined with pneumocystography. The 
bladder should be distended with carbon dioxide or room air, 
which provides negative contrast around the ureter as it enters 
the bladder. Elevation of the caudal abdomen and oblique 
dorsoventral views may be helpful for identifying the ureteral 
opening. Fluoroscopy can be useful in discriminating the 
path of the ureter as it enters the bladder* A dilated ureter is 
the abnormality most frequently detected with excretory 
urography. 6 Ureteral dilatation may result from obstruction to 
urine flow caused by a stenotic ureteral orifice or by func¬ 
tional obstruction that occurs with contraction of the urethral 
sphincter at the site of insertion of the ectopic ureter* In 
patients with infecti on, ureteral dll atation m ay also be a result 
of inhibition of ureteral peristalsis caused by Escheriehw coU 
endotoxin. 6 In addition, a primary neuromuscular abnormal¬ 
ity has been proposed as a cause of hydrometer* These 
changes may not be limited to the affected side, because 
chronic ascending infection and pyelonephritis may result in 
dilatation of the contralateral ureter and renal pelvis* 


Dilatation of the ureter may not be present if the ureter is 
only mildly displaced or has a troughlike opening. If the ureter 
appears to be straight as it enters the bladder, rather than 
forming the normal J shape, an ectopic location should be 
suspected, 6 An intramuraJ ectopic ureter may appear to 
bypass the bladder on these studies and may be confused with 
an extramural ectopic ureter* Other diagnostic techniques 
may be required to confirm an ectopic opening because of 
superimposition of pelvic bones, the gastrointestinal tract, or 
contrast medium in the bladder and urethra* Lack of opacity 
of the distal ureter as a result of peristalsis or poor renal excre¬ 
tion may also result in a nondiagnostic study. 

Other contrast radiographic procedures that have been 
described for the diagnosis of ureteral ectopia are retrograde 
urethrography and vaginourethrography* 4 ■ 7 The presence of a 
catheter in the urethra may obstruct the ectopic ureteral ori¬ 
fice, prohibiting a diagnosis with urethrography. Insertion of a 
Foley catheter into the vestibule and distension of the vagina 
and urethra with contrast may result in filling of the ectopic 
ureter with contrast medium, which confirms the diagnosis. 

Ultrasonography has been reported to be an accurate 
means of determining ureteral anatomy. 4 The ureterovesicular 
junction is visible as a small, convex structure on the dorsal 
aspect of the bladder. Flow of urine from this area ("ureteral 
jet' 1 ) can be observed in dogs with normally positioned blad¬ 
ders. Distension of the bladder with fluid or administration of 
a diuretic may aid visualization. Reduced or absent urine flow 
from the distal ureter into the bladder indicates an ectopic 
ureter. In addition, dilatation of the ectopic ureter or renal 
pelvis and thickening of the ureteral wall may be noted* One 
study that compared ultrasonography to contrast radiography 
for the diagnosis of ectopic ureters found that both tech¬ 
niques were accurate, with correct identification of 91% of the 
ectopic ureters. 4 

Direct visualization of the ureteral orifice with vaginoscopy 
and cystoscopy is a specific means of making the diagnosis of 
an ectopic ureter and for identifying abnormalities of the 
vagina and lower urinary tract. The vestibule and vagina can 
be visualized with a speculum, although ideally a rigid or flex¬ 
ible endoscope is used for complete evaluation of these struc¬ 
tures, in addition to the bladder and urethra. Fluid insufflation 
aids visualization* The normal ureteral opening has a horseshoe- 
shaped, slitlike appearance when viewed endoscopically* 
Urine flow should be observed intermittently arising from 
these openings in the trigone region of the bladder. Inability to 
identify the normal ureteral openings should raise suspicion of 
an ectopic ureter. The urethra and vagina should be carefully 
evaluated for single or multiple ureteral openings and for a 
submucosal tunnel, which may appear as a slightly raised tube 
below the mucosa] surface* 

Cystom etrographic studies and urethral pressure profil- 
imetry can be used to identify functional abnormalities of the 
bladder and urethra in patients with ectopic ureters and may 
provide prognostic information. 7 8 The urethral pressure pro¬ 
file provides information about the pressures generated along 
the length of the urethra. This is often combined with the cys- 
tometrogram, which evaluates bladder capacity and compli¬ 
ance, and the strength of the detrusor reflex. In one study that 
evaluated the results of preoperative urodynamic measure¬ 
ments in nine dogs with ectopic ureters, reduced bladder 
capacity was detected in four dogs and urethral incompetence 
was found in six dogs. 8 Lack of response of urethral incompe¬ 
tence to phenylpropanolamine treatment before surgery was 
highly predictive of a poor postoperative outcome. 8 

Surgery is recommended for the treatment of patients with 
an ectopic ureter. The type of procedure performed depends 
on the morphology of die ureter and the functioning of the 
associated kidney* If the kidney is determined to be nonfunc¬ 
tional by preoperative evaluation, it should be removed with 
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and pollakiuria. Incontinence is seen if the ureterocele is 
ectopic. The diagnosis is made with contrast radiography, 
ultrasonography, or uroendoscopy, Excretory urography com¬ 
bined with pneumocystography may reveal a contrast-filled 
dilatation of the ureter in the bladder or urethra; this is 
referred to as the cobra head sign* if the kidney associated 
with the ureterocele has impaired function, a filling defect is 

contrast accumulates within the bladder or urethra. 
On ultrasonographic evaluation, the ureterocele appears as a 
rounded, thin-wailed, fluid-filled cystic structure in the hi adder. 4 

Cystoscopic incision is commonly used to treat ureteroce¬ 
les in humans and may also he effective in dogs with ortho¬ 
topic ureteroceles. 11 In addition, ureteroceles may be treated 
by open resection. Ectopic ureteroceles should be treated as 
ectopic ureters by resection of the ureterocele, neoureterocys- 
tostomy, and reconstruction of the bladder neck and urethra. 
Unless renal dysfunction is present prior to surgery, the prog¬ 
nosis for correction of an ortho topic ureterocele is good. 
Incontinence has been reported to persist in 33% to 50% of 
patients treated for an ectopic ureterocele. 11 * 

Agenesis or Duplication 

Ureteral agenesis results from failure of development of the 
ureteral bud. Segmental absence of the ureter or lack of 
a lumen may occur in combination with other congenital 
abnormalities. 4 Renal agenesis may be associated with ureteral 
agenesis, because the ureteral bud induces the embryonic 
metanephric kidney to proliferate and differentiate. Unilateral 
ureteral and renal agenesis is usually asymptomatic unless the 
opposite kidney is compromised. Ureteral duplication has also 
been reported and occurs when more than one ureteral bud 
develops from the same mesonephric duct or if an abnormal¬ 
ity exists in division of the ureteral bud. 13 A duplex kidney 
results as renal parenchyma is formed around each developing 
ureter. The ureter draining the lower part of the duplex system 
enters the bladder in the normal location, whereas the ureter 
draining the upper part is ectopic, terminating in the urethra. 


the ectopic ureter Incontinence will likely persist after 
nephroureterectomy in patients with an ectopic intramural 
ureter unless the intramural segment is also removed. 7 The 
traditional treatment for intramural ectopic ureters has been 
to ligate the distal submucosal ureteral segment and create a 
new ureteral opening in the trigone of the bladder. Recently it 

suggested that the intramural segment of ureter disrupts 
the functional anatomy of the internal urethral sphincter 
mechanism. 7 Therefore it has been recommended that the 
intramural segment be resected from the bladder neck and 
urethra and that the overlying mucosa and smooth muscle 
layers be apposed. A neoureterostomy is then performed by 
suturing the ureteral mucosa to the bladder mucosa in the 
region of the trigone. This trigonal and urethral reconstruction 
technique has been reported to result in less postoperative 
incontinence. 7 Extramural ectopic ureters are treated by ligat¬ 
ing the distal end of the ureter at its attachment to the ure¬ 
thra, vagina, or uterus and reimplanting it into the bladder 
between the apex and the trigone. Because of the frequency 
of infection in patients with ectopic ureters, a urine culture 
from the bladder or renal pelvis should also be performed at 

surgery. 

The most common complication after surgical correction 
of an ectopic ureter is persistent urinary incontinence, which 
occurs in 44% to 67% of patients, 7 ^ Reasons proposed for per¬ 
sistent incontinence include the presence of a submucosal 
ureteral remnant in the trigone or urethra, primary sphincter 
mechanism incompetence, other congenital abnormalities of 
the urogenital tract, or urinary tract infection. Urine culture 
should be performed in patients with persistent or recurrent 
incontinence and infection treated based on susceptibility 
results. Some patients with postoperative incontinence 
respond to alpha-adrenergic drugs (phenylpropanolamine or 
ephedrine). Additional procedures that have been proposed 
for treatment of persistent incontinence include endoscopic 
submucosal injection of glutaraldehyde cross-linked collagen 
within the urethra and additional surgical procedures, such as 
colposuspension and cystourethropexy. 7 Partial or complete 
resolution of hydroureter and hydronephrosis may be seen 
after surgical correction of ectopic ureters even if the dilata¬ 
tion was severe before surgery. 

Ureterocele 

A cystic dilatation of the submucosal segment of the distal 
uFeter near the ureteral orifice is called a ureterocele. The pro¬ 
posed embryogenic mechanisms that result in the formation 
of a ureterocele include persistence of the membrane that 
separates the ureter from the lumen of the urogenital sinus; 
stenosis of the ureteral orifice, resulting in obstruction and 
ureteral dilatation; delayed ureteral migration, resulting in 
retention of the dilated distal ureteral segment; and embry¬ 
onic arrest of myogenesis of the distal ureter. 4 Ureteroceles are 
classified as orthotopic or ectopic, depending on the location 
of the ureterocele and the associated ureteral orifice. An 
ortho topic ureterocele is located in the trigone of the bladder 
with an opening at the normal position of the ureterovesicular 
junction. Ectopic ureteroceles occur in conjunction with an 
ectopic ureter and have an opening within or distal to the 
bladder neck. A grading system for canine ureteroceles was 
recently proposed. 11 Grade 1 ureteroceles have no evidence of 
associated upper urinary tract disease. Grade 2 ureteroceles 
associated with ipsilateral hydroureter, hydronephrosis, or 
chronic renal disease, and the condition is bilateral in grade 3 
ureteroceles, 

Grthotopic ureteroceles may go undiagnosed unless they 
large enough to cause obstruction of the urethra or of the 
ipsilateral or contralateral ureter or unless they are associated 
with infection. Clinical signs associated with large orthotopic 
ureteroceles include abdominal pain, hematuria, stranguria, 
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Ureteral Trauma 

Ureteral injury can result from blunt abdominal trauma, pen- 
etratin g wounds, or i atrogenic dam age during surgery. Tra uma 
to the ureters has been rarely reported in dogs and cats. 
Ureteral injury resulting from blunt trauma accounted for 
only 0.01% of the small animal hospital population in a recent 
report. 14 In humans, ureteral injuries, which usually result 
from gunshot wounds, are also uncommon, representing 5% 
of ail patients with genitourinary trauma. 

The diagnosis of ureteral injury is often delayed For 3 
days because of the rarity of this condition and the non¬ 
specific clinical signs, which are often masked by hypovolemic 
shock, pain, and multiple organ injuries caused by the 
traumatic incident. 13 If die retroperitoneum is intact, urine 
accumulation is confined to this space, and several days may 
pass before an increase in the serum creatinine or potassium 
concentration is detected. Uroabdomen is present if retroperi¬ 
toneal disruption occurs or with injury at die ureterovesicular 
junction. Uroabdomen may also result from concurrent uri¬ 
nary bladder rupture. Hematuria is not consistendy present in 
patients with ureteral trauma alone. 14 - 15 If hematuria, abdom¬ 
inal pain, or uroabdomen is present, further evaluation of the 
urinary tract is indicated. Although the diagnosis oi ureteral 
injury may not be made for days, this delay in humans has 
not been associated with increased mortality, loss of renal 
function, or the necessity for ureteronephrectomy. 

Radiography may reveal loss of peritoneal or retroperi¬ 
toneal detail. Increased density, widening, and streaking of the 
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retrope riloneum are indications of fluid accumulation but 
not specific for urine. 4 Excretory urography can be performed 
if the patient is hydrated, normotensive, and not significantly 
azotemic. Extravasation of contrast medium from the site of 
rupture and renal pelvic or ureteral dilatation may be seen in 
affected animals. One report of ureteral trauma in small ani¬ 
mals found excretory urography to be diagnostic in all four 
animals in which it was used; however, in humans with 
ureteral trauma, it has been reported to be less than 50% 
accurate. 1 * 15 Potential reasons for inaccuracy included poor 
urine output, a poor quality study, and radiographs taken at 
only one time period Ultrasonography may demonstrate fluid 
accumulation in the retroperitoneal space but does not allow 
differentiation between a hematoma and extravasation of 
urine. Additional diagnostic tests that may be helpful include 
retrograde pyelography, computed tomography (CT), or mag¬ 
netic resonance imaging. The diagnosis of ureteral trauma 
be made at surgery, hut direct inspection of the ureters after a 
traumatic incident is often complicated by the presence of 
retroperitoneal blood and fluid. Catheterization of the ureter 
from the bladder may aid identification of the site of ureteral 
rupture. In addition, intravenous injection of methylene blue 
increases visualization of urine coming from the proximal 
ureteral segment; however, this technique should be used 
with caution, because it has been associated with Heinz body 
anemia and renal failure. If intraoperative fluoroscopy is avail¬ 
able, excretory urography can also he performed at surgery. 

The goal of initial treatment should be to stabilize the 
patient for definitive surgery. Hypovolemic shock, hyper¬ 
kalemia, and respiratory compromise must be treated prior to 
administration of anesthesia. If uroabdomen is present and the 
patient is not stable for surgery, a large-gauge, fenestrated 
catheter {eg., peritoneal lavage catheter) can be placed intra- 
abdominally for drainage. 

Definitive surgical treatment of the injured ureter depends 
on the severity and location of the injury and the functioning 
of the contralateral kidney. Ureteronephrectomy has been 
reported as the most common treatment in small animal 
patients, 1 * This likely is due to the severity of ureteral damage 
and the technical difficulties of ureteral surgery. The progno¬ 
sis with ureteronephrectomy is good if the other kidney is 
functional; however, ureteronephrectomy is considered a sal¬ 
vage procedure in humans and should not be performed if 
doubt exists about the function of the remaining kidney. 

Successful ureteral anastomosis requires an adequate blood 
supply, good apposition of ureteral ends, and minimal tension. 
Urine diversion via a nephrostomy catheter or ureteral stent 
may also he helpful, A ureteral wound less than 50% the cir¬ 
cumference of the ureter seals in 48 hours with adequate 
urine diversion.* Injuries to the proximal one third of the 
ureter may be treated by primary anastomosis. Injuries to the 
middle or distal one third may be treated by primary anasto¬ 
mosis or reimplantation of the ureter into the bladder 
(u re tero neocyst ostomy). If the ureter is reimplanted, the blad¬ 
der may be advanced cranially (psoas cystopexy) or the kidney 
freed and moved caudally (renal descensus) to alleviate ten¬ 
sion. Risks of primary repair and reimplantation include urine 
leakage, dehiscence, and stricture formation. Additional surgi¬ 
cal techniques that have been described include bladder flap 
u re tero plasty and transureteroureterostomy. 

Iatrogenic Injury 

Injury to the ureters can result from iatrogenic damage, which 
occurs most commonly during ovariohysterectomy. Inadvertent 
ligation and transection of the ureters has been reported.* 6 
The most common location for inadvertent ligation is near 
the uterine body This may result in complete obstruction, 
with associated hydronephrosis, hydro ureter, and eventually 
permanent renal damage if not corrected within 7 days, 1316 


An additional complication that has been reported to 
a result of incorporation of the ureter into a uterine or vaginal 
ligature is u re tero vaginal fistula. 17 The fistula may develop 
within 1 to 2 weeks of ovariohysterectomy and is associated 
with urinary incontinence. Treatment of ureterovaginal fistula 
involves ligation of the fistula and ureteral reimplantation into 
the bladder or ureteronephrectomy Pyelonephritis is another 
complication that can occur with ureteral ligation and exci¬ 
sion during ovariohysterectomy, 

Urinoma 

A paraureteral pseudocyst, or urinoma, forms when urine that 
has leaked from a ureter into the retroperitoneum becomes 
encapsulated in a thick, fibrous wall. The proposed mechanism 
of formation involves chronic, low-grade urine leakage from the 
ureter after trauma or obstruction, which causes necrosis of the 
surrounding fat and infiltration of round cells. 16 Tftis inflamma¬ 
tory reaction results in the creation of a fibrous capsule over 3 
to 6 weeks, A paraureteral pseudocyst was recently reported 
in a cat 3 weeks after an automobile-related accident. 19 
Inadvertent u reteral transecti on during ovan ohysterectomy was 
also reported to cause urinoma in a dog, 18 A preoperati ve di ag- 
nosis of a paraureteral pseudocyst is made by the identification 
of contrast accumulation in the pseudocyst during excretory 
urography or by visualization of hydronephrosis and 
hydroureter with a fluid-filled cavitary mass on ultrasonogra¬ 
phy, 4 Ureteronephrectomy has been the reported treatment. 1619 

Ureteral Obstruction 

Ureteral obstruction can result from intraluminal, intramural, 
or extramural causes. Intraluminal obstruction can occur as a 
result of a blood clot or calculus. Intramural fibrosis, stricture, 
or neoplasia may also obstruct urine flow. Extramural com¬ 
pression may occur from a retroperitoneal mass or bladder 
neoplasm or from a ligature placed inadvertently during 
surgery. Clinical signs of obstruction may not be apparent 
unless bilateral obstruction or concomitant infection of the 
urinary tract is present. Clinical signs may be mild, including 
dysuria, abdominal pain, vomiting, anorexia, and lethargy. On 
the other hand, patients with complete, bilateral obstruction 
are anuric and may be collapsed at presentation. Complete, 

bilateral obstruction that persists for 3 days or longer is fatal 
without appropriate treatment. 1 * 

It may be difficult to distinguish between obstructing and 
nonobstructing causes of ureteral dilatation. However, this 
distinction is important, because pyelonephritis may 
ureteral dilatation and would not warrant surgery. Conversely, 
an obstructing calculus or mass would necessitate early surgi¬ 
cal intervention. Obstructing ureteral calculi in cats may be 
small and difficult to visualize on plain radiographs. Excretory 
urography is helpful for identifying ureteral dilatation to the 
point of obstruction and may show a filling defect or stricture 
if the associated kidney is functional and the patient is not 
severely compromised. With severe compromise of renal 
function, opacification of the kidneys and ureters is poor, 
resulting in a nondiagnostic study 4 In addition, adverse sys¬ 
temic reactions and the potential for further damage to the 
kidney make this procedure less than idea) in dehydrated or 
severely azotemic patients. 413 

Percutaneous antegrade pyelography is an accurate diagnos¬ 
tic test for patients in which excretory urography is nondiagnos¬ 
tic, or when concern exists about the adverse effects of systemic 
contrast administration (Figure 268-1), 20 Fluoroscopy or ultra¬ 
sonography can be used to guide needle or catheter placement 
into the dilated renal pelvis. Urine is aspirated from the renal 
pelvis and submitted for analysis and culture, lodinated contrast 
material is then injected into the needle or catheter at a volume 
equal to one half the aspirated urine vol ume. The flow of con¬ 
trast is monitored with fluoroscopy or with radiographs taken 
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a urine-a d difying diet or a single brand of cat food, an indoor 
only environment, and being of the Persian breed. 22 Struvite 
and calcium oxalate calculi most frequently cause ureteral 
obstruction in dogs. 23 If ureteral calculi are diagnosed by plain 
radiography and are not associated with significant obstruc¬ 
tion, serial radiographs should be taken to monitor calculi 
movement. Medical dissolution of ureteroliths is unlikely to 
he successful, because calculi in the ureter are not continually 
bathed in urine, and calcium oxalate calculi are not amenable 
to dissolution. Intravenous iiuid diuresis, with or without 
diuretics, may encourage movement of calculi to the bladder. 
Failure of calculi to progress down the ureter on subsequent 
radiographs is an indication for surgical intervention. 
Currently there is no recommendation on the appropriate 

of time for which patients should be monitored for 
the passage of ureteroliths. An experimental study of artificial 
calculi in dogs has shown that solid spheres 2.8 mm in diam¬ 
eter become firmly impacted in the ureter; however, spheres 

2.3 mm in diameter pass within 1 to 24 hours. 33 

A clinical report of 11 cats with ureteroliths found that the 
calculi did not move toward the bladder in any patient 
monitored for a mean of 19 days. 21 furthermore, fibrosis of 
the ureteral wall and ulcers of the ureteral epithelium at the 
site of obstruction demonstrated that the stones were immo¬ 
bile in these patients. Because even partial obstruction of the 
ureter results in decreased renal blood flow, decreased renal 
function, and potentially irreversible renal damage, early 
surgical intervention is indicated if there is evidence of 

obstruction * 21 

Options for surgical treatment of ureteroliths include 
ureterotomy; retrograde flushing of cal cub into the renal 
pelvis, followed by pyelolithotomy; resection of the affected 
portion of the ureter, followed by primary anastomosis or 
reimplantation into the bladder; and ureteronephreetomy. 
Complications of ureteral surgery include urine leakage, 
dehiscence, and stricture formation. Placement of a nephros¬ 
tomy catheter after surgery may be helpful for diverting urine 

flow until the ureter heals 
Extracorporeal shock wave 
native treatment 
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Figure 268»t Percutaneous antegrade pyelography. Under 
ultrasound guidance, a needle was placed into the renal pelvis of 
a cat presenting with azotemia and anuria. Injection of contrast 
material allowed the diagnosis of complete, bilateral, distal 
ureteral obstruction by ureteroUths that were not evident on plain 

radiographs. 


immediately after contrast injectionThis technique is easily per¬ 
formed and has minimal complications, such as hematuria and 
leakage of contrast material or urine into the abdomen. Fluid 
diuresis is recommended with this procedure to prevent blood 
dot formation, which may result in obstruction . 20 

Ultrasonography is nonin vasive, allows limited morpho¬ 
logic assessment of the renal parenchyma, and may allow 
diagnosis of ureteral obstruction. Although ureteral dilatation 
alone is not a specific sign of obstruction, visualization of focal 

can be diagnostic. 4 In 




hydroureter to the level of obstruction 
some patients it may be difficult to follow the entire course of 
the ureter because of its size and because of interference by 
other organs. In these cases, absence or reduced amplitude and 
duration of ureteral flow at the ureterovesicular junction can 
be used as an indirect sign of obstruction. 4 Additional non- 
invasive imaging that can be used to evaluate patients with 
ureteral obstruction are CT and renal scintigraphy. Renal 
scintigraphy allows evaluation of renal function in dogs with 
ureteral obstruction but does not predict what function will 

be after the obstruction has been relieved. 21 

Once the diagnosis has been made, rapid surgical interven¬ 
tion is indicated, because recovery of renal function is 
inversely related to the duration of obstruction. 13 If patency of 
a completely obstructed ureter is restored within 7 days of 
obstruction, renal function can return to normal. 13 ^ 21 if the 
obstruction persists for 2 weeks prior to correction, the 
affected kidney will regain approximately 50% of its preob¬ 
struction function. Complete loss of renal function does not 

until complete ureteral obstruction is present for longer 
than 4 weeks. If the patient is not stable for definitive surgical 
correction, a nephropyelostomy catheter can be placed to 
divert urine flow and preserve renal function, if hemodialysis 
is available, it can he useful for stabilization of severely uremic 
patients before they undergo long surgical procedures to 
remove the source of obstruction. The definitive surgical 
treatment depends on the cause and duration of obstruction. 






lithotripsy (ESWL] is an alter- 

for nephrolithiasis and ureterolithiasis in 

dogs, ESWL was reported to be effective in two dogs with 

ureterolithiasis and in one dog that developed ureteroliths 
after treatment for nephrolithiasis. 23 In humans, ESWL is 
reported to be less effective for ureteroliths than for 
phroliths because of attenuation of shock wave energy by 
rrounding muscle and bone, difficulty with patient posi¬ 
tioning, difficulty identifying ureteroliths by fluoroscopy or 
ultrasonography, and adherence of the ureterolith to the 
ureteral mucosa, which prevents fragments from passing 
during lithotripsy. 23 Disadvantages of ESWL in dogs include 
lack of availability, the need for general anesthesia, and the 
potential need for multiple treatments. ESWL is contraindi¬ 
cated in patients with coagulopathies, pacemakers, pregnancy, 
and obstruction distal to the calculi, which prevents removal 
of urolith fragments, Lithotripsy was reported to be successful 
in only one of five cats treated for ureterolithiasis. 21 
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Neoplasia 

Primary ureteral neoplasia is rare in dogs and has not been 
reported in cats. Transitional cell carcinoma has been the most 
frequently reported tumor type and is seen most commonly 
in females. 24 Other tumor types include leiomyoma, 
leiomyosarcoma, and benign papillomas. 13 24 In a small 
number of patients, a good prognosis was reported for 
ureteronephrectomy of neoplasms confined to the ureter. 24 


Calculi 

Calcium oxalate calculi are the most common type of uroliths 
found in the kidneys and ureters of cats. 21 Potential risk factors 
for the formation of these stones include hypercalcemia, feeding 
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CHAPTER 


Problem-Oriented Differential Diagnosis of Autoimmune 
Skin Diseases 


Karen A, M oriel to 


mm une-mediated skin diseases are uncommon in clinical 
veterinary practice; they accounted for fewer than 1,5% of 
all skin diseases seen in a university referral dermatology 
service (Figure 269-1). Nonetheless, they are problematic to the 
clinician because they can appear similar to other skin diseases 
th at are more common. 

Immune-mediated skin diseases are divided into two major 
categories: primary autoimmune diseases, in which the disease 
is the result of attack against self-anti gens, and secondary 
immune-mediated diseases, in which the disease is the result of 
an attack against a foreign antigen. The most common foreign 
antigens are drugs, bacteria, and viruses that trigger 
immunologic reaction, causing tissue damage. This chapter 
provides an overview of the more common autoimmune skin 
diseases and highlights key features that may narrow the list 
of differentia] diagnoses or may answer the question, *Should 
I be thinking of an autoimmune skin disease?" 


Suspicious Physical Examination Findings 

* Pruritus (variable in ASD, and its presence does not 
rule out ASD; evidence of pruritus may come from 
the history or may be obvious on examination 
[e.g., excoriations, observed self-trauma]) 

* Symmetry of skin lesions ✓ 

* Skin disease (mild or moderate) with concurrent signs of 
systemic illness (fever, depression, anorexia) 

* Large numbers of easily found, intact primary lesions all in 
the same stage, especially pustules, vesicles, or bullae 

□ Intact or recently ruptured pustules on the inner 
pinnae 

□ Intact pustules near the mammae of cats 

o Intact, flaccid pustules spanning several hair follicles, 
often yellow-green in color 

* Thick, adherent crusting on the body 

□ Crusting only on the face and/or footpads 

□ Crusting that includes the face, footpads, and body 

* A strong, offensive odor, with exudation and serum 
accumulation on the trunk, causing matting of the 
haircoat, especially if oily seborrhea is not present 

* Ulcerations or erosions. For example: 

□ Oral ulceration and/or erosions with or without 
halitosis and drooling 

□ Mucocutaneous ulcerations and/or erosions, matting of 
the haircoat in these areas, and odor (often prominent 
fin dings) 

□ Ulcerations and erosions in the axillary and/or inguinal 

region %. 

* Depigmentation of the nose or mucocutaneous junctions 


I 
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CLINICAL CLUES IN THE HISTORY AND 
PHYSICAL EXAMINATION FINDINGS 


Two major clinical presentations are seen in pets with autoim¬ 
mune skin diseases (ASDsL One is the textbook presentation of 
the disease, which includes an acute onset of severe lesions. 
These patients are rarely problematic to the clinician with regard 
to diagnosis, because suspicion is high from the onset. The din- 
id an suspects something serious, and an aggressive diagnostic 
evaluation is shortly underway* In the other clinical presenta¬ 
tion , the disease m anifests itself in a less ob vious way, waxes and 
wanes, partially responds to treatment for a different disease, is 
a mild form of the ASD, or occurs concurrently with another 
chronic skin disease (eg*, atopic patients that develop pemphi¬ 
gus). The foil owing points should raise suspidon of a possible 
immune-mediated skin disease: 

Historical Clues 

* Any severe skin disease with an acute or rapid onset 

* Reports that the lesions wax and wane, espedally in 
relatively short cycles of 7 to 10 days 

* Intermittent episodes of depression, fever, and anorexia, 
espedally if they coindde with the development of lesions 

* Lack of response to seemingly appropriate therapy. For 
example: 

a A routine case of otitis externa that does not respond to 
therapy, with evidence emerging of primary lesions 
the inner pinnae 

Q Patients that continue to develop pustular lesions 

despite appropriate antibiotic therapy, especially if ther¬ 
apy has continued for longer than 3 weeks 
□ Continued development of oral lesions on gums after 
appropriate dental therapy 

* Difficulty eating or drinking {an early historical finding in 
dogs with oral ulcers) 


PROBLEM-ORIENTED APROACH 

TO DIFFERENTIAL DIAGNOSIS 


The dermatologic problems most commonly associated with 
ASD are pustular eruptions, crusting and scaling, mucocuta¬ 
neous ulcerations, nonmucocutaneous ulcerations, depigmen¬ 
tation, and miscellaneous problems, such as noninflammatory 
focal alopeda. Box 269-) presents a problem-oriented list of 
differential diagnoses for autoimmune skin disorders. Because 

of die variation in clinical signs, some diseases fit into several 
categories. 

Box 269-2 is a summary of the key diagnostic findings for 
skin bio psy and immunologi c tests in various AS Ds that help 
confirm the diagnosis. Skin scrapings and dermatophyte cultures 
should be negative in ASD. However, mite infestations and/or 
dermatophytosis can develop secondary to immunosuppres¬ 
sive disorders and occasionally occur concurrently Adult-onset 
demodicosis can precede the development of an autoimmune 
skin disease* In a "classic" ASD case, bacterial cultures of intact 
pustules should be reported as "no growth' or "scant” growth. 
If heavy growth of bacteria is found, this may indicate that 
the pustular disease is bacterial in origin, that bacteria have 
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Dijfenewiw?/ Diagnosis 0/Afftotntmimf Skin Diseases 




Generalized Pustular Eruptions and/or Crusting Dermatoses (Involving the Body, Head* face, or Feet) 

* Pemphigus foliaceus (PF) (footpad a|id nose commonly ore crusted) 

* Pemphigus-like drug reactions (nasal and footpad crusting may be absent) 

* Systemic lupus erythematosus (rare presentation) 

* Sterile eosinophilic pustulosis (rare disease) 

* Linear IgA pustular dermatosis (rare disease) 

■ Subcorneal pustular dermatosis (rare disease) 

Focal Pustular Eruptions and/or Focal Crusting 

* Face and/or footpads: PF 

* Face and ears only: PF (early), pemphigus erythematosus (PE), drug eruptions, lupus erythematosus $ 

* Nasal only: Discoid lupus erythematosus, PE (early), PE 

Note: Pustules are quite transient, and many of the generalized pustular diseases also present as generalized, malodorous, crusting 
dermatoses. The major differential diagnoses here are bacterial pyoderma, dermatophytes is, severe seborrhea, and zinc deficiency. 
Bacterial pyoderma rarely affects the head, and dermatophytosis is a non symmetric skin disease. Most cases occur in young 
animals (dermatophytosis) or sled dogs (zinc deficiency). Severe, oily seborrhea may also appear as a crusting dermatosis and 
con mimic PF if nasal and digital hyperkeratosis is present; the major differentiating factor is that primary seborrhea 
young age. Zinc-responsive skin diseases may present as widespread or focal crusting dermatoses and can 

"■ « • 4 ■ • » ill » » “ "V i * I , -- lkBi ”» _ M i _ B ■ o "bo • ■ ■ , L ■■■_ • l w « VI “■■b ^ I -I « .1 -* ■ | ~l ' ■ "1 ■ • B » I as , B B^> ’■ • - I ; • -B I * BB V B • ■ ' ■ a Br •< > » " t ® 1 , ■ ■ «1 ' , b ‘ ^ ™ BB ■ BB. Wm b ■ a s ' 

B JL »T|. 1 B * fci I ‘f ' * a'"^' p ^ • ; J. ■ ■ %> ® V 1 B B B B a • II | ■ B) A • ** * . * *<■ l- ^ •' I ' A*rm * - •" ■«_» a B i - ■ ® ■ ■ _ I • • M iW |LN ■ ■ a B » ■ a B m ’ • > "t- B •V B I BB • kl *1! 1 “•» *i S* ^ l a • BB B 

Mucocutaneous and Mucosal Ulcerations 

* Pemphigus vulgaris (may also have oral ulcerations) 

* Mucous membrane bullous pemphigoid 

* Epidermolysis bullosa ocquisita 

* Erythema multiforme (target lesions, cutaneous ulcerations also may be present) 

* Bullous systemic lupus eryth^tnatosus |g 

Drug reacti ons 11 : M 

j Linear IgA bullous dermatosis (rare) |§|§ 

* Toxic epi dermal necrolysis £ra re) 

Note: The primary lesions in these diseases are vesicles and bullae, which are quite transiertt and rupture, leaving erosionsand 
ulceration* The adjacent hoircoat becomes matted and odorous. The major differential diagnoses of concern are candidiasis, 

ulcerative mucocutaneous bacterial pyoderma, and cutaneous lymphoma, 

B B < • Bj * !■ c •»- -1 « 1 B ( ■ *. L «l . SB (B ■ BM I ' «• * * . * M _ •- B •’ "» » ■_ B ‘ BB ■ "• *■< - — to | 1 V • ■ 1 *B3 -I _ ^^ -4 -V B. B » • ■ * _ • " B ' « t'l B « V 1 I B ■ BJi • B BJ ■ — , ■ BOi -« ■ B B ' r bI'b, B V * 

Nonmucosa 1 Ulcerations (Axillae, Inguina* Pinnae, or Other Haired Areas} 

■ B u I lo u s pe m phigoid 

* Epidermolysis bullosa ocquisita 

* Linear IgA bullous dermatosis 

I*® ™ ■■ k ' - ■ * ■ B I • Mb BM • • - tl ^ Iul ■ • • >% B ‘rt » • 1 r * • X • • V- * • ■ B 1 n * • B « B » t 1 B • I • • I »• • I #• ■ V B B b*"Bb* ‘A • a 4 • tfc "• B B B BB ■ * « • ' I « « § V ^B 

* Bullous systemic lupus erythematosus 

* Canine vesicular cutaneous lupus erythematosus (also called idiopathic ulcerative dermatosis of collies and 

* Erythema multiforme 

* Toxic epidermal necrolysis 

* Drug eruptions 

* Pemphigus vulgaris (with concurrent mucocutaneous lesions) 

Note: The primary lesions are vesicles and/or bullae, which are quite transient. These patients commonly present with fever, 

pain, a matted hoircoat, and exudation. The major differential diagnoses of concern are deep bacterial pyoderma, deep pyo¬ 
derma caused by demodicosts, and cutaneous deep and intermediate 

DepigmentEng Skin Diseases 

* Nasal only: Discoid lupus erythematosus, vitiligo-like syndrome, uveodermatologic syndrome, early PF 

* Nose, footpads, lips, eyelids, and mucocutaneous regions: Uveodermatologic syndrome (these animals have concurrent uveitis) 

* Hoircoat or skin: Idiopathic ieukotrichia or leukoderma 

Miscellaneous 

* Focal alopecia: Alopecia areata, rabies vaccine, focal vasculitis 

* Widespread noninflammatory alopecia: Alopecia areata, pseudopelade 

* Erythematous target lesions: Erythema multiforme 

* Nodular ulcerative lesions: Nodular panniculitis 

* Purpura, hemorrhage, "punched out" lesions: Vasculitis 

* Ear margin necrosis, pineal erosions: Vasculitis 
» Dependent edema with erythema: Vasculitis 
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Key Diagnostic Findings in Common Autoimmune Shin Diseases 


Skin Biopsy 

* Pemphigus vulgaris: Suprabosilar acanthoiysis with cleft and vesicle formation; basal cells attachment to basement 

membrarjg resembles a row of ^mbstones* ,f Mi I 

• • ■ • • • i > • "• ” ■ ■ i ■ « »"Ub • I j anft^ % i l Jr • * • I • 4 ^ ■ ’ ■ _ ft | A I • • • • •• • l ^ > i •• »• ” — _ b * • ft- I ■ • «u • • • j » ■■ » • ■ • • • • Bv •• • * — tm • w Vwi » • • i • ■ A ^ ■ , «*' a 4 . ’ v • 

Pemphigus fc/Zaceus: Intragranular or subcorneal pustules with acanthoiysis* 

* Pemphigus erythematosus: l nt ragrq rnila r or subcorneal pustules with acanthoiysis with a lichenoid reaction. 

* Bullous pemphigoid, epidermolysis bullosa acquisita, linear IgA bullous dermatosis, mucous membrane pemphigoid, and 
bullous systemic lupus erythematosus: Subepidermal deft and vesicle formation, no acantholysi^ anjS possible lichenoid 

aa 4 ■ 4 1 ■ □ a'« ■ j « x a i ■■ x ii -4 ^bb 14 } •< a a J a a a a ■ a a I ■ 4 B. ft Ba, a ( ar a- a* -ft- ft -a x» a T ■ j ■ a aai a 4 ft* a a a a « a a a » a Be a a a ■ aa if ft ^a - ft A — ft I - a a ftn a a* T Baa 

reactiona 
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* Systemic or discoid lupus erythematosus (DIE) (the histologic findings for both systemic and discoid lupus erythematosus 

are identical, except that pigmentary incontinence may be more prominent in Di E): H yd ropic an d/or I ich e noid interface 
dermatitis of the epidermis and possibly of the outer root sheath of the hair follicles, apoptosis of basal cells and. less 
commonly, subepidermal vesicles. T ' ' ^ 

* Erythema multiforme (EM) (the histologic findings with EM vary greatly: a key finding is apoptosis of keratinocytes throughout 
the epidermis): \ nterface dermatitis with prominent single cel I a poptosis of kerati nocytes th roug h out the epid erftiis and outer 
root sheath of the epidermis. %£< jf:\ 

* Toxic epidermal necrolysis: Hydropic degeneration of basal cells. full-thickness coagulation necrosis of the epidermis, and minimal 

| dermal inflammation* 

* Uveodermatologic syndrome: Ii 
hydropic degeneration of epidermal basal cells is rare. 
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as well as prominent pigmentary incontinence; 


Antinuclear Antibody Testing 

* Pemphigus erythematosus; Weak positive titer may be seen. 
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* Systemic lupus erythematosus: Strong positive 
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Direct Immunofluorescence Testing 
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Pemphigus complex: Positive intercellular fluorescence 
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• Pemphigus erythematosus: Positive intercellular and basement membrane fluorescence. 
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• Bullous pemphigoid (50% to 90% of cases,), epidermolysis bullosa acquisita, linear IgA dermatosis, mucous membrane 
pemphigoid, systemic or aft&neous lupus erythematosus (50% to 90% of cases): Positive basement membrane fluorescence. 

Note; Direct immunofluorescence testing usually is negative in the other autoimmune skin diseases, however, this is not always 
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thecose, and nonspecific stainii^fhay be seen. 
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Indirect lmmunofluorescenee Testing 

Indirect immunofluorescence testing using a salt split-skin as a substrate Is a relatively new method of differentiating the 

autoimmune subepidermal bullous diseases. 








In dogs, it is rare to easily find large numbers of intact pus¬ 
tules. The pustules of pemphigus are large, flaccid, and filled 
with a copious amount of pus. The specimen should be 
stained and examined for acanthocytes, which are round, 
deeply basophilic epidermal cells often present as rafts (i.e., 
numerous cells adhered together}. In dogs these cells tend to 
be found in PF and in cases of severe bacterial pyoderma. 
Cytologic specimens should be carefully examined for 
eosinophils. In dogs, eosinophils can be seen in pustular spec¬ 
imens from PR A finding of eosinophils should prompt the 
clinician to consider other differential diagnoses, such as 
allergic disease (small numbers of eosinophils], sterile 
eosinophilic pustulosis (almost pure fields of eosinophils] 
parasitic diseases {variable}. In cats, a finding of large numbers 
of eosinophils requires some thought on the part of the 
clinician, because many allergic skin diseases of cats can 

mimic ASDs, 


colonized skin lesions caused by the ASD, or that staphylo¬ 
coccal bacteria from the clinician's fingers contaminated the 
culture. In some cases skin biopsies are diagnostic, and in other 

trial of antibiotic therapy or a review of previous 
therapies may answer the question. Cytologic specimens may 
also show T concurrent Maiassezia overgrowth. It is important 
to rule out candidiasis in patients with mucocutaneous or 
ulcerative dermatoses. This is best done by fiingal culture at a 
reference laboratory (a swab is submitted) and by cytologic 
examination of exudate (unfixed, unstained slides of debris 
scraped from the lesion margins are submitted). 

Cytologic examination of the contents of an intact pustule 
may be extremely valuable for making a diagnosis. This diag¬ 
nostic test may be helpful for corroborating a diagnosis of 
pemphigus foliaceus (PF), Intact pustules are rare in cats, 
and if found, especially 

mammae, are almost always caused by pemphigus foliaceus. 
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CHAPTER 270 


Regenerative Anemias Caused by Blood Loss or Hemolysis 


Urs Giger 


nemia is not a diagnosis in itself but is a common clinical 
sign and laboratory test abnormality in companion 
animals. Thus anemia may indicate a specific erythro¬ 
cyte problem or can be associated with other organ disorders. 
Anemia and other hematologic abnormalities 
frequently that a complete blood cel! count (CBC) is generally 
requested in the diagnostic assessment of any ill dog or cat. 
Anemia is defined as a decrease in the red blood cell (RBC) 
mass as expressed by a reduction in number of circulating 
RBCs, hematocrit, and hemoglobin. Clinical signs of 
result from decreased oxygen-carrying capacity, reduced 
blood volume, underlying disease, and the adjustments made 
to increase the efficiency of the erythron. Severity of clinical 
signs depends on the rapidity of onset, the degree and 
of anemia, and the extent of physical activity. A logical 
approach to die cause of anemia is usually fruitftil, Anemias 
are classified by pathophysiologic mechanisms, bone 
response, and RBC indices. This chapter reviews regenerative 
anemias caused by blood loss or hemolysis. Non-regenerative 
anemias will be covered in the next chapter (271) and addi¬ 
tional details on hematologic aspects are provided in Schalm r 
Veterinary Hematology and other clinical pathology texts. *~ 3 


A 


macrocytic, less developed, and therefore require a longer 
time to mature to erythrocytes in circulation. In hemolytic 
disorders they contain high pyruvate kinase (PK) activity. 4 
Because they contain residual RNA, which can be precipi¬ 
tated into a reticulum network and stained by certain suprav¬ 
ital dyes, such as new methylene blue or brilliant cresyl blue, 
reticulocytes can be readily enumerated. The latter stain is 
particularly suitable as it is relatively free of precipitates. On 
a stained blood smear, the number of reticulocytes is counted 
per 500 to 1000 erythrocytes, and the reticulocyte result is 
reported as a percentage of cells examined (number per 100 
cells). Some hematology instruments provide a specific count. 


occur so 
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cause 


marrow 
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REGENERATIVE BONE MARROW RESPONSE 




The number of circulating erythrocytes is the result of a 
dynamic equilibrium between the production and delivery of 
erythrocytes (Figure 270-1) and their destruction or loss. The 
normal homeostatic mechanisms of the body bring about 
recovery from anemia by accelerating erythropoiesis. The 
erythroid bone marrow response is primarily regulated by 
e ry th r o p oi e tin, a line age-specific hematopoietic growth 
factor Erythropoietin synthesis in the renal cortex is induced 
by anemia, although the actual sensor measures oxygen tension 
and renal hypoxia. It acts predominantly on erythroid precursor 
cells of the bone marrow known as burst-forming units-erythroid 
(BFU-E) and particularly colony-forming units-erythroid 
(CFU-E). At maximal stimulation, the bone marrow is capable 
of producing erythrocytes at tenfold to fiftyfold the normal 
rate. Erythropoietin also contributes to the maturation from the 
early committed erythroid precursors to fully hemoglobinized 
erythrocytes, which takes normally approximately 1 week. 1 * 3 

Reticulocytes 

The most useful marker of accelerated erythropoiesis is an 
increased number of circulating reticulocytes. 1 - 3 4 Reticulocytes 
form after extrusion of the pyknotic nucleus from normoblasts 
and continue to mature, finally to erythrocytes, in the bone 
marrow and peripheral blood. Reticulocytes normally reside 
within the marrow for almost 2 days before they are released 
into the circulation. They continue to synthesize hemoglobin 
as long as they have functional messenger RNA, which is 
usually 1 day in circulation. However, during accelerated 
erythropoiesis, reticulocytes may be released prematurely 
from the marrow. The so-called stress or shift reticulocytes 
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Figure 270-1 Normal canine (A) and feline (B) blood 


smear, 

Wright's-Giemsa staining. Reader should note the smaller size of 
feline erythrocytes. 
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Because canine retiailocytes contain strong aggregates, 
they are relatively easy to count (Figure 270-2), In contrast, 
cats produce two types of reticulocytes: (1) aggregate and 
(2) punctate. Aggregate reticulocytes correspond to the retic¬ 
ulocytes seen in dogs and indicate an active regenerative 
response. After a short maturation time of less than 1 day, 
these aggregate forms become punctate reticulocytes. On a 
blood smear stained for reticulocytes, they contain up to 10 
individual blue dots, which do not coalesce. As punctate retic¬ 
ulocytes circulate over a period of 1 to 2 weeks and represent 
a cumulative response, they can reach high percentages. It is 
therefore best to report either the aggregate reticulocytes 
only or both separately, in cats. 

The upper limit of a normal reticulocyte count is often 
stated as 1%; however, healthy small animals generally have 
less than 0,4% reticulocytes per 100 erythrocytes. This 
number is not only increased by enhanced hematopoiesis but 
also affected by anemia, because it depends on the number of 
circulating erythrocytes and the duration of reticulocyte mat¬ 
uration in circulation. Therefore various "adjustments” to 
reticulocyte counts are used. If the erythrocyte count is avail¬ 
able, the absolute reticulocyte count can he calculated and is 
less than 4Q r 000/pL in a healthy animal: 

% reticulocytes x RRC/^L 


and red cell distribution width (RDW) may be used to indi* 
cate increased erythropoiesis when a reticulocyte count is not 
available. On a blood smear stained with Wright's stain or 
Diff-Quik, polychromatophilic cells represent erythrocytes 
recendy released from the bone marrows (Figure 270-3), 
Because their blue-gray tint is due to the presence of RNA, 
their numbers correlate with the reticulocyte count. When 
more than one polychromatophilic cell is recognized per 
microscopic oil immersion field, accelerated erythropoiesis is 
likely. Polychromatophilic erythrocytes are often macrocytic, 
which indicates that these cells are released prematurely from 
the marrow, thereby contributing greatly to the high MCV 
and RDWj as well as anisocytosis of regenerative anemias. It 
should be noted that macrocytic anemia is not always regen¬ 
erative but may indicate a maturation problem such as feline 
leukemia virus (FeLV) infection or folate deficiency in cats. 5 ^ 
Nucleated erythrocytes (Figure 270-3) also known as 
normoblasts 

are rarely found in blood of healthy animals (less than I per 
100 white blood cells [WBCs]). Depending on the hematol¬ 
ogy instrument, they may not be counted or may be under the 
WBCs. Large numbers may accompany a marked regenerative 
response in anemic pets. However, nucleated RBCs may also 
be seen in animals without retjculocytosis and regenerative 
response because of a breakdown of the barrier between 
marrow and vasculature. The highest numbers of normoblasts, 
for example, are observed in acute lead poisoning in the 
absence of anemia. Mild to moderate normoblastosis with 
non regenerative anemia may be seen with myeloproliferative 
disorders, dyshematopoiesis, extramedullary hematopoiesis, 
hemangiosarcoma, and sepsis. Thus, normoblastosis should 
not be equated with a regenerative marrow response without 
confirmation by a reticulocyte count. 

If an anemia is characterized as regenerative based on a 
reticulocytosis, bone marrow examination is rarely indicated. 
In regenerative anemia, the bone marrow cellularity is increased 
and the ratio of myeloid to erythroid elements in the bone 
marrow is generally below one. The earliest morphologically 
recognizable erythroid cell is a pronormoblast. An exponen¬ 
tially increasing number of round erythroid precursors that 
decrease in size to the pyknotic normoblast and are progres¬ 
sively more hemoglobinized indicate normal maturation. 
Although the erythropoietin response is lineage specific, inde¬ 
pendent stimulation of thrombopoiesis (c.g. iron deficiency) 
or granulopoiesis (e.g. immune-m edi ated hemolytic anemia 
[IMHA]) may also be present. Bone marrow examination 
rarely provides helpful information about an underlying cause 
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The absolute reticulocyte count has now been adopted as 
the preferred expression of erythroid regeneration. Several 
automated hematology analyzers have incorporated staining to 
detect reticulocytes and provide absolute reticulocyte counts; 
however, some such counts may be falsely increased in the 
presence of Heinz's bodies, Howell-Jolly bodies, and punctate 
reticulocytes. If the erythrocyte count is not known, correction 
for anemia can be made based on the dog or cat's hematocrit 
compared with the average normal packed cell volume (PCV) 
value (dogs 45%; cats 37%) and is normally less than 0.4%. 

Finally, the reticulocyte production index (RPI) also takes 
into consideration the extended maturation of stress or shift 
reticulocytes in circulation. This parameter is no longer 
applied clinically. 

An increase in absolute reticulocyte count or corrected 
reticulocyte percentage provides the best evidence for a 
regenerative response. Although not as accurate, other 

^hematologic manifestations such as mean cell volume (MCV) 
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Figure 270-2 Canine reticulocytes as visualized by brilliant 
cresyl blue stain. 


Figure 270-3 Polychromasia and anisocytosis with spherocytes 
and metarubricytes. 

















SECTION XIX * Hematology and Immunology 


1888 


or marrow iron deposition in animals with regenerative 
anemia that would otherwise remain undetected* 


rise in aggregated reticulocytes is followed by a marked 
tained increase in punctate reticulocytes over a few weeks, 

A stress leukogram may also be associated with acute 
blood loss. Although platelets are being consumed at the site of 
injury, this does not result in a clinically significant thrombo¬ 
cytopenia; to the contrary, after a slight dip to no less than 
60,000/pL, acute blood loss is accompanied by a mild reactive 
thrombocytosis. In case of external blood loss, a concomitant 
loss of plasma proteins occurs that includes albumin and glob¬ 
ulins, 1 bus the triad of anemia, hypoproteinemia, and reticu- 
locytosis is considered a hallmark of acute external blood loss. 
Other test abnormalities depend on the cause of bleeding. 
Besides typical clinical signs of hemorrhage, examination of a 
blood smear for platelets and schistocytes and evaluation of an 
activated clotting time and buccal mucosal bleeding time may 
suggest a hemostatic defect that can be confirmed by appro¬ 
priate laboratory tests. 

Four main objectives exist in the management of acute 
blood loss anemia: (1) fluid replacement, (2) prevention of 
further bleeding, (3) blood transfusion support, and (4) treat¬ 
ment of the underlying disorder. With sudden hemorrhage, 
the immediate effects of volume depletion are more important 
than the loss of circulating RBCs, Thus the first requirement Is 
to maintain an adequate blood volume by intravenous infusion 
of crystalloid fluids (electrolytes), colloid solutions of plasma, 
hydroxyethylstarch, hemoglobin solution (Oxyglobin®), 
whole blood. Fluid choice depends on the clinical setting, par¬ 
ticularly the severity and rate of hemorrhage. With major 
hemorrhage leading rapidly to shock, losses are primarily from 
the intravascular space with little change in extra- and intra¬ 
cellular fluid compartments. Crystalloid fluids (isotonic saline 
or Ringer s lactate) are the first choice. Because crystalloids 
are rapidly distributed between the intra- and extravascular 
compartments, they need to be infused in a volume of two to 
four times the estimated loss. An infusion of crystalloids can 
rapidly restore circulation, thereby normalizing many hemo¬ 
dynamic parameters. 

Within days, intra- and extracellular fluids shift into the 
intravascular space. For adequate resuscitation of a pet with 
hemorrhagic hypotension and shock, much larger fluid volumes 
must be given quickly to replete the fluid compartments and 
restore circulation. Colloid fluids such as 6% hydroxyethyl¬ 
starch or dextran 70 solutions produce a volume expansion 
slightly larger than that infused and can maintain this effect 
for as long as a day. Because species-specific albumin solutions 
are not available for small animals, plasma, or whole-blood 
transfusions may be used for replacement therapy. Their use 
should, however, be discouraged unless clotting factors are 
needed or, because of anemia due to major blood loss, an oxygen 
carrier is deemed necessary. A bovine hemoglobin solution 
(Oxyglobin®) has become commercially available for dogs 
that provides oncotic pressure and an oxygen transporter. It 
can prove useful in the emergency management of acute 
blood loss and lacks immunologically important reactions and 
in dogs even after repeated administration, l0 ' ! - 

The depletion of RBC mass after acute blood loss may be 
difficult to estimate because of concurrent plasma loss and the 
hematocrit decreases only after total blood volume returns to 
normal. Thus the '‘transfusion trigger" can be particularly dif¬ 
ficult to define in a hemorrhaging pet* Although a healthy 
normovolemic anemic animal at rest may tolerate a hemat¬ 
ocrit as low as 5% to 10%, signs of hypoxia develop much ear¬ 
lier in a hypovolemic anemic animal. Thus small animals with 
precipitous blood loss may be deemed in need of a blood 
transfusion at hematocrits above 20%, Ten milliliters of whole 
blood per pound body weight increases the hematocrit by 
10%, but fluid shifts and concomitant replacement of fluids 
may diminish the response* It should be noted that except for 
isotonic saline, fluids have to be administered through a 


sus- 


BLOOD LOSS ANEMIA 


Blood loss anemia occurs whenever a disease process damages 
vascular integrity sufficiently for RBCs to escape from the 
intra vascul ar space. Blood loss may he localized to one site and 
caused by trau ma, surgery, tumor, gastroin testi n al (GI) disorders, 
or parasites. Blood loss may be generalized in association with a 
hemorrhagic tendency. Surface bleeding such as petechiae and 
epistaxis suggests a platelet problem, whereas hematomas and 
cavity bleedings indicate a coagu 1 opa tfiy* These primary and 
ondary hemostatic disorders are discussed in other chapters (see 
Chapters; 272-274), Regardless of the cause, clinical manifesta¬ 
tions of blood loss anemia depend on the volume of blood loss 
and onset (i*e*, whether it is acute or chronic). Both acute and 
chronic blood loss are regenerative, although in the first few days 
after acute blood loss and in late stages of severe iron deficiency 
due to blood loss, such anemias are poorly regenerative. 

Acute Blood Loss 

Rapid blood loss of major proportions represents a double 
threat, because it decreases the total blood volume and 
oxygenation of tissue.*** The total blood volume of dogs and 
cats is 8-10% a nd 6 -8 % of the body we igh t, res pective 1 y, B load 
donations for transfusion of 4.4 mL/lb body weight, represent¬ 
ing less than 20% of the blood volume of healthy animals, 
generally well tolerated. However, when hemorrhage exceeds 
20%, cardiovascular signs occur. Initial physiologic adjustments 
are peripheral vasoconstriction and tachycardia. Regional 
blood flow to skin and spleen is curtailed to protect perfusion 
of the brain, heart, and viscera* Thus pallor in acute blood loss 
anemia is caused not by thinness of blood but by reduced per¬ 
fusion of the skin and is associated with a prolonged capillary 
refill time and dry mucous membranes. Besides the redistribu¬ 
tion of blood to areas most vulnerable to hypoxemia, the heart 
rate is increased in an attempt to maintain cardiac output. This 
high-velocity flow is well tolerated because of the reduced vis¬ 
cosity of anemic blood and vasodilatation in the central and 
cerebral vascular beds into which most blood is diverted. As 
the blood loss exceeds 30% to 40% of the original blood 
volume, cardiac output decreases and hypotension with 
diovascular collapse ensues. The animal becomes immobile and 
exhibits a rapid, thready pulse, as well as cold skin and extrem¬ 
ities. Acute blood loss exceeding 50% of the vascular volume 
within hours results in shock and eventually death before any 
changes in hematocrit and plasma protein are observed. 

If the acute blood loss is gradual, restoration of the plasma 
volume can occur, which in turn Sowers the hematocrit. Unless 
fluid is administered, plasma volume expansion is a relatively 
slow process. After a sudden, single hemorrhagic event, albumin- 
containing fluid is mobilized from the extravascular space over 

a period of 2 to 3 days. This fluid shift reduces the skin turgor 
until the fluid deficit is replenished by oral or parenteral fluid 
intake. Because the associated fall in hematocrit is gradual, the 
severity of the hemorrhage may be markedly underestimated. 

As the anemia is initially normocytic-normochromic and 
regenerative, it could be mistaken for a defective hemato¬ 
poietic problem. Within a few hours, serum erythropoietin levels 
are, however, increased and erythropoiesis is stimulated. After 
3 days the anemia becomes macrocytic and regenerative. 
A maximal reticulocyte response is seen within 4 to 7 days. 
The corrected reticulocyte count may reach 3% to 10% or 
several hundred thousands per microliter, which is somewhat 
less than with hemolytic anemias* In acute anemia, adequate 
iron stores are generally present but the marrow response may 
be hampered by limi ted i ron mobili zatio n. In c ats, the transient 
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catheter other than that used for transfusion. If 
cannot be obtained in severely hypotensive animals, the 
intraosseous route may be used because RBCs and fluids rapidly 
reach the intravascular space. Because canine stored blood 

packed RBCs have low 2 r 3-diphosphoglycerate (DPG) 
tratiom, which may hamper the oxygen release, some clinicians 
have advocated the use of fresh blood. However, DPGs 
rapidly replenished in canine erythrocytes; therefore this may 
be more of a theoretic concern. Because the hemoglobin* 
oxygen affinity of feline erythrocytes is not DPG dependent, 
this is not a problem in cats; however, closed blood collection 
systems and blood component preparation for storage of feline 
blood are a problem* When hemorrhage has ceased, the 
ery of the red cell mass to normal usually occurs within 1 to 
2 weeks. Animals with acute blood loss anemia have adequate 
iron stores and generally do not require supplemental iron to 
reach an appropriate erythroid bone marrow response. 

Chronic Blood Loss Anemia-Iron Deficiency Anemia 

Animals have approximately 9 to 22 mg iron per lb body 

weight, and most of the iron is located in erythrocytes 

hemoglobin (1 mg iron in 2 mL of blood). 313 In addition, 

muscle myoglobin and many important enzymes contain heme 

iron (e.g., cytochromes). Iron is also stored in various tissues, 

particularly spleen, liver, and bone marrow, as a soluble 

mobile fraction (ferritin) or insoluble fraction (hemosiderin), 

depending on the amount available. Transferrin represents the 

iron transport protein in the plasma and is normally 20% to 

60% saturated with iron. As under physiologic conditions, iron 

losses through gut, urine, and skin are negligible, amounting to 

less than 1 mg/day in small animals. Iron balance is regulated 

by iron absorption. Iron is absorbed in the ferrous (Fe 2 *) form 

as heme iron or nonheme iron by the mucosal cells of the 

proximal small intestine. The exact control mechanisms have 

not been elucidated, but absorption increases with diminished 

storage and increased erythropoietic activity. However, the 

maximal absorption remains rather limited—only a few mil¬ 
ligrams per day.K 15 

Chronic external blood loss is the major cause of iron 
deficiency anemia in small animals and is associated with a 
regenerative anemia* Iron deficiency denotes a deficit in total 
body iron, which occurs in varying degrees. Iron depletion is 
present when iron stores are depleted but serum iron and 
blood hemoglobin concentrations remain normal. In iron* 
deficient erythropoiesis, serum iron levels are also low but the 
anemia is only mild. Iron deficiency anemia refers to the most 
advanced stage, characterized by absent iron stores, low serum 
iron concentration, low transferrin saturation, and low 
hemoglobin and hematocrit values* 

Chronic external blood loss may result from GI hemor¬ 
rhage, parasitism, chronic bleeding neoplasia, and even chronic 
inflammatory bowel disease (IBD). 36 - 22 Severe flea infestation 
can cause substantial blood loss and mortality, particularly in 
kittens and puppies, because 100 fleas could potentially 
sume 1 mL of blood daily. Similarly, the quantity of blood loss 
caused by hookworms and rarely whipworms is proportional 
to the worm burden and may reach 100 mL/day. Hookworms 
burrow their heads deeply into the small intestinal wall and 
suck blood by peristaltic pumping* Chronic or inteimittent Gl 
blood loss may also result from hemorrhaging Gl neoplasia, 
including leiomyoma, carcinoma, and lymphoma; bleeding 
intestinal aneurysm; and ulcerogenic drugs such as glucocorti¬ 
costeroids, salicylates, and nonsteroidal anti-inflammatory 
agents* As each regular blood collection (450 mL) 
approximately 200 mg of iron from the body, overzealous 
blood donations and frequent phlebotomies for diagnostic pur¬ 
poses in small dogs and cats may lead to iron deficiency states. 

In young animals the iron needed for growth may exceed 
the supply available from diet and body stores* Thus they 


particularly at risk for developing an iron deficiency 
Because milk is low in iron, nursing animals may become iron 
deficient. However, with the general use of balanced commercial 
diets for growing animals, iron deficiency related to inadequate 
intake alone is rare. Intestinal malabsorption syndromes, such as 
LBD in Shar Peis, can be associated with iron deficiency stales. 
Iron deficiency anemia develops over weeks and is almost 
always insidious, allowing remarkably effective adaptation. 
Clinical signs are nonspecific and depend more on the rate of 
progression than the extent of anemia. Even when the hemat¬ 
ocrit falls below 5% to 10%, clinical signs of anemia, besides 
pallor, may not be obvious at rest* The animals may become 
increasingly fatigued and exercise intolerant and, when stressed, 
may suddenly decompensate and die. Clinical manifestations 
include extremely pale mucous membranes, bounding pulses, 
gallop rhythm, and a systolic flow murmur. Reduced blood vis¬ 
cosity, vascular resistance (decreased afterload), and increased 
left ventricular filling (increased preload) maintain the cardiac 
output. Thus chronic anemia causes cardiomegaly through 

diac hypertrophy and dilation and may eventually lead to 
gestive heart failure (CHF), 20 In contrast, tachypnea and 
dyspnea are not typical features of anemia unless the animal has 
pulmonary disease that impairs oxygen uptake. Pica, the 
ing to eat, chew, or lick unusual substances such as dirt, day, 
feces, and metal, is a classical manifestation of iron deficiency* 
Because iron deficiency is most commonly caused by GI blood 
loss, melena is likely to be present, but occasionally it is inter¬ 
mittent or detected only by the occult fecal blood test. A posi¬ 
tive test result for an animal receiving a commercial diet is 
probably clinically significant. Typical blood sweat and labora¬ 
tory test abnormalities may provide the first due to an iron defi¬ 
ciency anemia and possibly an occult intestinal malignancy. 

Iron deficiency can produce clinical manifestations indepen¬ 
dent of anemia because depletion of iron-containing 
pounds in nonerythroid tissue results in impaired proliferation, 
growth, and function. These include reduced muscle activity, 
abnormal behavior, and skin and nail changes. 

Severe iron deficiency anemia is characterized by a hypo¬ 
chromic microcytic anemia caused by decreased synthesis of 
hemoglobin and delayed cell maturation and extra mitosis.i, 7, 16,23 
On a blood smear the hypochromic cells are readily recog¬ 
nized by the increased central pallor (Figure 270-4) and are 
reflected by a decreased mean corpuscular hemoglobin 
centration (MCHC). In advanced states the red cell corpuscles 
represent mere rings. Microcytosis is less well appreciated on 
a blood smear, because cell diameter is less affected than cell 
thickness; these flat, poorly stained cells 

and have a reduced MCV. Anisocytosis is also a recognizable 


venous access 


anemia. 


or 


concen- 


are 


recov- 


car* 


con- 


a$ 


crav- 


eom* 


con- 




called leptocytes 




> 


con- 




removes 


Figure 270-4 Hypochromasia and thrombocytosis i 

with severe chronic blood loss anemia. 


are 







1890 


SECTION XIX 


■ Hematology and Immunology 


morphologic change and can be quantified by an increased 
RDW as determined by particle size counters. In addition, 
iron-deficient erythrocytes appear stiffer and less deformable! 
presumably because of oxidative damage of membrane proteins. 

rhus erythrocyte fragmentation, increased mechanical fragility, 

and accelerated lysis may occur, thereby affecting the various 

erythrocyte indices. However, in the osmotic fragility test, the 

red cells may be more resistant to destruction in hypotonic 

salt solutions because of their increased capacity to expand 
their volume ; i u 

In humans, iron deficiency anemia is non- or poorly regen¬ 
erative^; in contrast, iron deficiency in small animals is usually 
associated with a pronounced reticulocytosis. ]!6 The reticulocyte 
counts may reach 500,0GG/pL [10% corrected), presumably 
because of their delayed maturation. This re ti cul ocytosis greatly 
contributes to the degree of anisocytosis and increased RDW, 
The leukocytes are usually normal in number, but slight 
neutropenia may occur, whereas eosinophilia is seen in parasite- 
induced blood loss anemia. Interestingly, the platelet count is 

commonly increased to about twice normal, but mav exceed 

1 x lO^/pL, 9 

Thrombocytosis associated with acute and chronic blood 

loss is considered reactive, but the exact mechanism remains 
unexplained. A search for occult blood loss is highly warranted 

animals with thrombocytosis. In uncomplicated 

iron deficiency anemia, the chemistry' screening test results are 
unremarkable except for a low total protein related 
comitant intestinal losses of albumin and globulin. 

The bone marrow is characterized by mild to moderate 
erythroid hyperplasia with nuclear distortions. The normo¬ 
blasts appear small and have scant cytoplasm. After staining 
the bone marrow aspirate or biopsy section with Prussian 
blue, one sees dark-blue granular material scattered through¬ 
out the marrow. In iron deficiency anemia, no stainable iron in 

the form of deep-blue granules is found (hemosiderin 
in the unstained 


(as well as any surgical corrections) should be undertaken only 
when the pets has been stabilized. Leiomyomas and 
leiomyosarcomas are frequent small intestinal tumors in older 
dogs, and their complete resection is often rewarding. 

Once critical care has been provided and the underlying 
condition has been corrected, iron supplementation should be 
initiated to replenish iron stores. Iron is highly effective i__ 
treating iron deficiency. It has, however, no other legitimate 
therapeutic use, because it exerts no beneficial effects for 
other forms of anemia and may be harmful (exception; 
animals with chronic rena] failure may in fact also experience 
iron deficiency). Iron can be administered orally and 
pa re titer ally, The oral route is the safest and least expensive. 
Ferrous sulfate in tablet or liquid form at a dose of 5 mg/lb 
daily along with a meal is effective, although the exact iron 
requirements have not been established for small animals. 
Iron fumarate and gluconate may be substituted, but other iron 
preparations are likely not to be effective, may cause gastric 
irritation, and hence are not recommended, Treatm ent has to be 
continued for weeks to months to correct the iron deficiency 
state, but iron stores may never be completely replenished. 

If oral iron replacement is deemed inappropriate or insuf¬ 
ficient or a GI disorder prevents iron absorption, parenteral 

may be administered. Iron dextran complex containing 

50 mg iron per milliliter can be given intramuscularly. After a 
small dose is injected deep into the muscle to test for hyper¬ 
sensitivity reaction, a maximal dose of 2 mL is administered 
daily; two thirds of the iron is absorbed from the injection site 
within days. Ferrous chloride is potentially available in intra¬ 
venous form. As 2 mL of blood contains 1 mg iron, blood 
transfusions also provide an excellent source of iron, but they 
should be restricted to severely anemic animals. 
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marrow smear as golden refractile granules). 
However, healthy cats normally store only small amounts of 
ferritin and hemosiderin in macrophages of their marrow; 
thus a lack of positive Prussian blue staining is not diagnostic 

for iron deficiency in cats, but Prussian blue-positive deposits 
in marrow exclude iron deficiency. 

Serum iron concentrations are usually low, ranging from 
5 to 60 pg/dL compared with a normal range of 60 to 
230 Hg/dL, depending to some extent on the method used. 13 
However, serum iron concentrations are subject to many 
variables that may cause normal or even high results, includ¬ 
ing hemolyzed samples, iron supplementation, and recent 
transfusions. The iron-binding capacity is a measure of the 
amount of transferrin in circulating blood and may be slightly 
increased in iron deficiency states; thus the transferrin 

tion 


Once the erythrocyte has lost its nucleus and ribosomes, it can 
no longer synthesize proteins. Nevertheless, it survives hun- 
dreds of miles of hazardous travel through large and tiny 
blood vessels with its limited equipment. It is capable of sus¬ 
taining adequate energy levels through anaerobic glycolysis, 
maintaining ionic composition, reducing methemoglobin and 
oxidized glutathione, and resealing its membrane if portions 
lost. Despite these capacities, erythrocytes have a finite life 
span that may be shortened when the environment becomes 
hostile or when the cell s ability for self-repair becomes 

impaired. Accelerated erythrocyte destruction is the major 

mechanism in hemolytic disorders and plays a minor role in 
many other common anemias. 24 

The normal life span of erythrocytes averages approxi¬ 
mately 100 to 120 days in dogs and 70 to 78 days in cats. 2 3 
Although it is rarely done in clinical practice, the erythrocyte 
life span can be measured directly by two labeling methods. 
Hie cohort method depends on the incorporation of an 
iso topically labeled chemical such as radioactive iron or glycine 
into newly formed cells. In contrast, the random labeling 
methods use tracers that bind with all erythrocytes in the 
circulation and include radiolabeled chromium 
as well as 


are 


__i satura* 

Is markedly decreased to below 20% (normal 20% 
60%). Serum ferritin concentrations would be expected to be 
low, but because ferritin is an acute phase protein, values 
often increased by coexisting inflammation. Iron 
also be affected by transfusions, i 
glucocorticoid administration. 

Management of chronic blood loss anemia is directed 
toward correction of the anemia, the iron deficiency, and 
treatment of the underlying disease. Transfusions with packed 
RBCs or whole blood are indicated only in cases of severe 
anemia or in preparation for anesthesia and surgery to correct 
the Gl hemorrhage (PCV less than 15% to 20%) and clinical 
signs of tissue hypoxia. Because these animals are normov¬ 
olemic and have increased cardiac output, transfusion vol¬ 
umes and rates should be conservative to avoid cardiac failure. 
Volume overload occurs more commonly in cats than in dogs. 
Correction of the anemia also results in resolution of cardio- 
galy within several weeks. Although ulcerogenic drugs can 
be withdrawn immediately, control of ecto- and endoparasites 


to 
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parameters 
iron supplements, and 
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_. or cyanate, 

non radioactive biotin.^ Because chromium elutes 

from cells readily, the apparent half-life is much shorter 
20 to 30 days instead of 60 days for normal canine erythro¬ 
cytes and only 6 to 14 days instead of 37 days for feline ery- 

throcytes) + 2e If needed, the nonradioactive biotin-labeling 
method should be considered. 

Although the concept of erythrocyte aging and death is 
well established, the precise mechanisms involved in normal 
tell senescence are still not clearly defined. ISJo single marker 

to identify aged erythrocytes, but the following factors 
may contribute to the finite life span of erythrocytes: declining 
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enzyme activities, change in calcium balance, diminished neg¬ 
ative membrane charge, repeated oxidative injuries, and bind¬ 
ing of complement or naturally occurring autoantibodies 
against membrane band 3 protein and galactosyl-containing 
glycolipid. 2 ' 1 ^ 5 

The erythrocyte life span may be shortened as a result of 
some intrinsic defect, such as an erythroenzymopathy, or 
because of some extrin sic mechanism that leads to premature 
erythrocyte removal, such as antibodies against erythrocytes. 
These can be distinguished experimentally by cross-transfusion 
studies. When erythrocytes from a healthy animal are trans¬ 
fused to one with an extrinsic cause for hemolysis, the donated 
cells are destroyed as rapidly as the pet s own cells* However, 
if an animal's corpuscles are removed from the unfavorable 
environment, they survive normally In contrast, erythrocytes 

with an intrinsic defect would be disposed of rapidly in either 
the affected animal or a healthy recipient. Such survival studies 
are generally not required in the evaluation of hemolytic 
anemias in clinical practice. 

Erythrocyte destruction may take place either extra- or 
intravascularly. 1 3 Extravascular hemolysis predominates and is 
assumed to be the mode of destruction of senescent erythro¬ 
cytes in healthy animals. Extravascular destruction refers to 
erythrophagocytosis by macrophages of spleen, liver, and bone 
marrow. Damaged or senescent erythrocytes are prone to 

enhanced sequestration in these organs, Erythrophagocytosis 
may be either complete (culling) or partial (pitting). In par¬ 
ticular, splenic environment with its low glucose concentra¬ 
tion, mild hypoxia, hypercapnia, and relatively low pH can be 
deleterious to erythrocytes. Based on its structure, the canine 
spleen is more efficient than the feline spleen in removing 
erythrocytes. Macrophages destroy ingested erythrocytes 
through proteolytic and lipolytic enzymes. 

The heme oxygenase system responsible for hemoglobin 
degradation is located primarily in phagocytic cells. The globin 
is broken down to amino acids, which are reused. In heme 
catabolism, iron becomes liberated, recirculates bound to 
transferrin in plasma back to the marrow for erythropoiesis, 
and the protoporphyrin ring opens. Carbon monoxide is split 
off, exhaled, billverdin forms, and is subsequently reduced to 
bilirubin. 

Unconjugated bilirubin is then released into the plasma; it 
is water insoluble and reversibly binds to albumin (indirect- 
reacting bilirubin). The albumin-bound bilirubin is readily 
absorbed by hepatocytes. In the liver, bilirubin is conjugated 
with glucuronic acid to form bilirubin diglucuronide, also 
known as ditea bt/trwkm. The conjugated bilirubin is excreted 
via the bile canalkulj into the duodenum, but in the presence 
of massive heme breakdown, conjugated bilirubin leaks back 
into the plasma and is also excreted in the urine* Intestinal 
bacteria in the colon convert the bilirubin to urobilinogens. 
Most of the urobilinogen is excreted in the feces, but a small 
amount is reabsorbed. The reabsorbed urobilinogen is readily 
re-excreted by the liver (enterohepatic recirculation), with a 
small portion lost in the urine* 

The serum bilirubin concentration is an important marker 
of the rate of hemoglobin metabolism and of hepatobiliary 
function. Normal serum values, measured by colorimetric 
methods, do not exceed 0.4 mg/dL, and jaundice is not appre¬ 
ciated until the serum bilirubin exceeds 2 mg/dL. One might 
predict that hemolytic disorders are associated with a greater 
rise in indirect bilirubin, whereas hepatic failure leads to a 
larger increase in direct bilirubin. However, because the pro¬ 
cess to conjugated bilirubin is highly efficient and rapid in 
small animals, the differential bilirubin determination in serum 
has not proved helpful in distinguishing hemolytic from hep¬ 
atic causes of hyperbilirubinemia. Hyperbilirubinemia and 
hemoglobinemia can affect accurate measurements of serum 
liver and other chemistry screen parameters. Liver function 


tests are often indicated, because hemolysis may be associated 
with a hepatopathy. Heme can be metabolized by alternative 
pathways in other tissues (e.g., kidney in dogs)* In any case, a 
rise in heme degradation results in hyperbilirubimiria because 
of increased urinary' excretion of conjugated bilirubin. Bilirubin 
is readily identified by the diazo-reaction on the urine dip¬ 
stick* Small amounts of bilirubin are normally found in urine 
from healthy dogs but not cats. Hemoglobinuria may make 
the bilirubin readings invalid. Bile pigment gallstones, seen in 
humans with hemolysis, are not observed in small animals. 

Less commonly, erythrocytes are lysed within the systemic 
circulation as 

ch anges or cell ul ar fragmentati on .With intravascular hemo lysis, 
hemoglobin is directly released into the blood, from which it 
is removed by several mechanisms. Hemoglobin breaks into 
two alpha-beta dimers and binds to haptoglobin in plasma or 
further dissociates into heme to form hemopexin and methe- 
malbumin. After these complexes are taken up by macrophages 
and hepatocytes, hemoglobin and heme are metabolized as 
described earlier in relation to extravascular hemolysis. Binding 
prevents excretion of hemoglobin into the urine, but during 
intravascular lysis, haptoglobin becomes easily depleted* 
Unbound plasma hemoglobin and heme may be removed by 
the liver or excreted through the renal glomeruli. 

Proximal tubular cells reabsorb and catabolize most filtered 
hemoglobin and heme. 

Hemoglobinuria ensues when the amount filtered exceeds 
the limited capacity of the tubular cells to resorb dimers. 
Although heme pigments may precipitate and form casts in 
the distal renal tubules, hemosiderinuric tubular necrosis and 
acute renal failure are rarely observed in small animals with 
severe or chronic hemoglobinuria. 

Intravascular lysis can be readily recognized by the pres¬ 
ence of hemoglobinemia, depletion of plasma haptoglobin, and 

hemoglobinuria* Plasma hemoglobin levels of 10 to 20 mg/dL 
give plasma an amber coloration, and at 50 to 100 mg/dL the 
plasma appears reddish. The hemoglobinemia has to be dis¬ 
tinguished from artifactual increases in plasma hemoglobin 
caused by blood collection methods that directly cause hemol¬ 
ysis, as well as delayed plasma separation. Plasma hemoglobin 
concentrations can be quantitated spectra photometric ally by 
an accurate and simple hemogl obi nometer (HemoCue). 
Hemoglobinuria imparts a red-brown color to the urine, reflect¬ 
ing both hemoglobin and methemo globin* Because the urine 
dipstick identifies only heme (labeled "blood"), hemoglobin¬ 
uria has to be differentiated from hematuria (whole erythro¬ 
cytes) by microscopic examination after urine sedimentation. 
Myoglobinuria associated with massive muscle necrosis can 
also cause a positive test result but hardly ever occurs in small 
animals. 

Based on the preceding mechanisms of erythrocyte destruc¬ 
tion, the clinical features and laboratory test abnormalities of 
the various hemolytic disorders are similar, Besides the general 

signs of anemia such as pallor and weakness, characteristic signs 

of hemolysis are jaundice and pigmenturia, jaundice is first 
appreciated on mucous membranes (gingiva and sclera) when 
serum bilirubin concentration exceed 2 mg/dL, whereas skin 
becomes icteric at slightly higher concentrations. Milder and 
chronic forms of hemolysis may not be associated with jaun¬ 
dice. Pigmenturia caused by hemolysis may be due to hyper- 
bilirubin aria and hemoglobinuria* Hyperbiiirubinuria persists 
in dogs with hemolytic disorders, whereas in cats it is not 
constant. Hemoglobinuria and hemoglobinemia are hallmark 
features of intravascular hemolysis and often indicate a more 
severe disorder. 

The terms hemolytic anemia and hemolytic disorder are lim¬ 
ited to conditions in which the rate of erythrocyte destruction 
is accelerated and the ability of the bone marrow to respond 
to the stimulus is unimpaired. As indicated in the introduction, 
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hemolytic anemias are generally associated with accelerated 
ery throcyte produ ction ih a t is unrestri cted b y i ro n ava il a b dity. 
In fact, the highest reticulocyte counts and most severe ery- 
throid hyperplasias are observed in animals with hemolytic 
anemias. Thus hemolytic anemias are regenerative and 
cytk-hypochromic, although in the early stages and in some 
complicated acquired forms the erythroid response may be 
poor (e.g., immune-mediated hemolytic anemia). In addition, 
a number of common complex anemias related to insufficient 
erythrocyte production have a component of accelerated 
erythrocytic destruction such as the previously mentioned 
advanced iron deficiency anemia. 

The division of hemolytic anemias into acute and chronic 
forms is of limited usefulness, because acute crises may 
develop during the course of chronic disorders. Classification 
based on the site of hemolysis, predominandy within the 
circulation (intravascular) or within tissue macrophages 
(extravascular), is of some help, because only a few 
a ted with overt intravascular hemolysis. However, intravascular 
lysis may occur only transiently; therefore the unique 
festations of hemoglobinemia and hemoglobinuria may be 
missed. Excessive destruction of erythrocytes may occur either 
because of an intrinsic defect in the cell itself or because of 
the action of extrinsic factors on normal erythrocytes. Intrinsic 
defects are generally inherited and extrinsic are acquired. The 
division into intrinsic and extrinsic or inherited, and acquired 
forms is of pathogenic importance and is most useful as hered¬ 
itary hemolytic anemias gain greater recognition. Furthermore, 
some hemolytic processes are associated with acquired disorders 
of other organs and are covered elsewhere. 

Inherited Erythrocyte Defects 

Several hereditary erythrocyte defects (Table 270-1) have 
been described in dogs and cats, 19 The mode of inheritance is 
autosomal recessive for all described erythrocyte defects, with 
the exception of feline porphyria, in which at least one defect 
is inherited as a dominant trait. This is a large heterogeneous 
group of disorders, and most occur rarely. Through inbreeding 
practices (popular sire, line breeding), some erythrocyte defects 
have become common in certain breeds. Unless the affected 
breeds arc closely related, a particular disease is probably 
caused by different mutations of the same gene. Erythrocyte- 
induced defects vary from mild compensated hemolytic to 
life-threatening anemia. Accurate laboratory tests 

available for many erythrocyte defects to detect affected and 
carrier animals. 

Some defects represent hematologic curiosities without 
clinical signs (such as in Akitas and miniature poodles with 
inconsequential microcytosis and macrocvtosis, respectively). 
Hereditary erythrocyte disorders have been classified into 
three groups: i 1) heme defects and hemoglobinopathies, 

(2) membrane abnormalities, and (3) eryth roenzymopathiesT 8 
Hereditary production and maturation defects of erythrocytes 
and other hematopoietic cells are discussed in Chapter 271. 

Hemoglobin and Related Disorders 

Dogs and cats apparently have embryonic but no fetal 
hemoglobin. 2 With the exception of some Japanese dog 
breeds, only one adult hemoglobin has been found in dogs. 
Historically, two major adult hemoglobins were described in 
cats with a large variation of the hemoglobin A/hemoglobin B 
ratios. Later studies, however, revealed only one alpha globin, 
but six different beta globins were found. 2E) With each cat 
having one to four different beta globins, at least 17 hemoglobin 
patterns were recognized. In contrast to the common occurrence 
of thalassemia and sickle cell anemia in humans, no hemo¬ 
globinopathies have been documented in anemic dogs and cats. 

Physiologically or pathologically generated methemoglobin 
contains heme in the ferric form (Fe 3 *) and therefore cannot 


carry oxygen. It is reduced to the ferrous form (Fe 2+ ) by the 
methemoglobin or cytochrome h 5 reductase system. Isolated 
cases of methemoglobinemia associated with methemoglobin 
reductase deficiency were found among dogs of various breeds 
and several domestic shorthair cats (DSH). 3 - 3 ^ 32 Affected 
animals have cyanotic mucous membranes but generally do 
not exhibit any other clinical signs of hypoxemia unless 
vigorously exercised. The blood remains dark after air expo¬ 
sure because of the presence of 13% to 52% methemoglobin. 
In contrast to those with other erythrocyte defects, these ani¬ 
mals are not anemic but rather develop a mild erythrocytosis 
and can have a normal life expectancy. Reducing agents such 
as methylene blue could be used but are generally not needed. 

Defects of heme synthesis known as porphyrias have been 
reported in anemic Siamese cats and nonanemic DSH cats 
with pigmented and pink-flu orescent teeth and bones. 

Erythrocyte Membrane—Related Abnormalities 

The erythrocyte membrane consists of a bilayer affixed to a 
membrane skeleton, which determines cell shape and de forma- 
bility. Owing to proteolysis, canine and feline erythrocytes lose 
their N a + ,K + -adenosine triphosphatase fNa^K^-ATPase) during 
late maturation in the bone marrow' and reticulocytes. 
Therefore erythrocytes have high-sodium and low-potassium 
concentrations similar to those of serum electrolyte values. 
Consequently, hyperkalemia generally does not occur after 
intravascular hemolysis unless stress reticulocytes are lysed. 
Erythrocytes from Sheba, In us, Akitas, and some mongrel dogs 
in Korea and Japan represent an exception, because they keep 
their erythrocytic Na*,K + -ATPases and therefore have high- 
potassium and low-sodium concentrations in erythrocytes. 
Because Akitas’ erythrocytes are leaky in vitro , pseudo hyper¬ 
kalemia may occur if the plasma and serum are not readily 
separated from erythrocytes and its clot. 34 

Elliptocytosis and microcytosis related to cytoskeleton 
protein band 4 A deficiency has been described in an inbred, 
nonanemic mongrel dog. 35 313 Other erythrocyte membrane 
defects are far less well defined but are generally characterized 
by increased osmotic fragility (Figure 270-5). Stomatocytes 
are overhydrated, cup-shaped macrocytes that are recognized 
by a slitlike pallor on a blood film. In the Alaskan malamute, 

chondrodysplastic 
dwarfism. 37 Miniature and middle schnauzers with stomato- 
eytosis had no skeletal abnormalities, and both breeds had 
only mild regenerative anemia on the basis of hemoglobin 

measurements with high MCV and low MCHC indices 38 ^ 
(Figure 270-6). Furthermore, stomatocytosis and hypertrophic 
gastritis have been reported in the Drentse partrijshond dog 
breed (Dutch breed) and a Lipid disorder is suspected on the 
basis of abnormal erythrocyte membrane and plasma phos¬ 
pholipids 40 A hereditary spherocytosis has been described in 
some golden retrievers. 41 A marked osmotic fragility of erythro¬ 
cytes associated with recurrent anemia, severe splenomegaly, 
weight loss, lymphocytosis, and hyperglobulinemia but a neg¬ 
ative Coombs' test has been observed mostly in Abyssinian 
and Somali cats. 42 Their erythrocytes are so fragile that the 
lysis is dearly evident once the ethylenediaminetetraacetic 
acid (EDTA) tube is left in the refrigerator overnight. 
Although the cause has not been identified, affected cats with 
marked splenomegaly may benefit from prednisone treatment 
and splenectomy. This may reduce the degree of in vivo 
phagocytosis of damaged erythrocytes; however, the in intro 
osmotic fragility of erythrocytes does not appear to improve 
after treatment. This osmotic fragility has also been 
Siamese and DSH cats. 

Eryth roenzy m o pot h i es 

Devoid of a nucleus and mitochondria, erythrocytes generate 
energy almost exclusively through anaerobic glycolysis, also 
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CHAPTER 270 


of excessive panting and barking, extensive exercise, and high 
temperatures, affected dogs develop dark brown-red urine 
because of hemoglobinuria and hyperbiliruhinuria. These spo¬ 
radic events are associated with hyperventilation and elevated 
body temperature, and the ensuing slight alkalemia results in 
intravascular lysis of PFK-deficient erythrocytes because these 
cells are more alkaline fragile than normal canine erythrocytes. 
During these crises, affected dogs may become severely 
anemic, icteric, lethargic, anorexic, and develop a fever that 
usually resolves within days with supportive care. If situations 
that trigger hemolytic crises are avoided, PFK-deficient 
dogs may not have problems and can Feach a normal life 
expectancy However, they have persistent hyperbilimbinuria 
and reticulocytosis despite a normal hematocrit became of 
ongoing hemolysis and a high hemoglobin-oxygen affinity 
because PFK-deficient erythrocytes contain low DPG levels 
and therefore lead to a relative tissue hypoxia. Furthermore, 
because affected dogs totally lack PFK activity in muscle, they 
have a metabolic myopathy characterized by exercise intoier- 

occasionai muscle cramps, and mildly increased 
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creatine kinase activity; thus they perform poorly 
trial dogs. 44 

This glycolytic enzyme deficiency is common in held trial 
English springer spaniels in the United States, Great Britain, 
and Denmark, but has also been reported in bench English 
springer spaniels, as well as a cocker spaniel and a mixed breed 
dog. 434 ** Although the true prevalence remains unknown, 
1% to 4% prevalence among championed breeding bench 
and field English springer spaniels has been documented in 
a randomized survey in the United States, 43 PFK deficiency is 
caused by a missense mutation of the muscle-type PFK gene 
that results in truncation and instability of the enzyme, 
thereby leading to a complete muscle-type PFK deficiency.* 0 
A simple polymerase chain reaction (PCR)-based DNA test 
accurately diagnoses PFK-defieient and carrier dogs, A small 
blood sample, buccal swab, or semen is an appropriate source 
for DNA testing and requires no special handling or shipping, 
English springer spaniels (and cocker spaniels) with suspicious 
clinical signs or before field training and breeding should be 
DNA tested for PFK deficiency in other breeds with suspi- 

enzymatic PFK test could be performed. 


field 


as 


a 


Figure 270-5 Severe hereditary poiki 1 ocytosis in a 1 -year-old 
domestic shorthaired (DSH) cat. 


known as the Embden-Meyerhof pathway. Fh osph ofructokinase 
[PFK) and PK are two key regulatory enzymes of this path¬ 
way, but their deficiency results in two distinctly different 
forms of anemia in dogs. The Embden-Meyerhof pathway also 
plays an important role in an ancillary pathway The Rapoport- 
Luebering pathway is responsible for the synthesis of DPG, 
which influences the oxygen affinity of canine hut not feline 
hemoglobin. Erythrocyte DPG concentrations are low in catsT 43 

Ph&sphofructoktnase Deficiency (PFK) PFK deficiency is 
characterized by a chronic hemolytic disorder accentuated by 
hemolytic crises and an exertional myopathy, 44 ' 47 After episodes 


cious signs, an 


Pyruvate Kinase Deficiency (PK) The classic erythrocytic 
PK deficiency initially reported in Basenjis is now seen in sev¬ 
eral other breeds including beagles, West Highland white and 
calm terriers, miniature poodles, toy Eskimos, pugs, and 
dachshunds. 4344 5154 Despite a persistent hemolytic anemia, 
the clinical signs, except for pallor, are often mild. The anemia 

from about 1 0% to 32% and is highly regenerative with 
circulating metarubricytes and reticulocyte counts 
that can be as high as sometimes approaching 95%. An unex¬ 
plained progressive myelofibrosis and osteosclerosis of the bone 

develops at about 1 year of age, although some West 
Highland white terriers may not show evidence until several 
years of life. Furthermore, it appears likely that previously 
described nonspherocytic hemolytic anemia and osteosclerosis 
miniature poodles were caused by a PK deficiency, 5 ^ 
PK-deficient dogs usually die because of anemias and general¬ 
ized hemosiderosis with associated hepatic failure before 
8 years of age. Splenectomy and prednisone treatment appear 
unhelpful in dogs. Erythrocytes completely lack the adult 
erythrocyte isozyme form of PK known as R-FK, Instead, they 
express a fetal or leukocyte M*PK form that is dysfunctional 
in erythrocytes in vivo. Molecular genetic screening tests are 
available for the identification of the PK mutation of affected 
and carrier Basenjis, beagles, dachshunds, toy Eskimos, and 
West Highland white and cairn terriers, but not yet for 
others. 5 ^ 5 * A cumbersome PK enzyme activity test with 
isozyme characterization is required to define PK deficiency in 
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Figure 270*6 Stomatocytosis in a miniature schnauzer without 

anemia. 
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other breeds. Carriers do not express the M-PK form and have 
approximately half-normal PK activity; however, differentia¬ 
tion between carriers and homozygous normal dogs based on 
enzyme activity may not be accurate. 

Feline erythrocytic PK deficiency has also been described 
in the Abyssinian and Somali breeds and few DSH cats. 53 
Affected cats have chronic intermittent hemolytic anemia and 
mild splenomegaly but no osteosclerosis. The anemia is mod¬ 
erately regenerative and no poikilocytosis is seen. Erythrocyte 
PK activity is severely reduced, and no M-type PK expression 
occurs. A deletion caused by a splicing mutation in the R-PK 
gene has been identified, and a molecular screening test has 
been made available. Intermittent prednisone therapy and 
splenectomy appear to ameliorate the clinical signs of inter¬ 
mittent anemia. The oldest living cat reached 13 years of age. 

Immune-Mediated Hemolytic Anemia (KMH A) 

IMHA arises when an immune response targets erythrocytes 
directly or indirectly and hemolytic anemia ensues. Until the 
antierythrocytic antibodies are identified and the pathogenesis 
is better understood, the nomenclature and classification of 
IMHA remain imprecise and sometimes con fusing. 46 ,50 In 
primary IMHA no inciting cause can he identified, hence the 
synonyms idiopathic IMHA and autoimmune hemolytic anemia , 
In contrast, secondary IMHA is associated with an underlying 
condition. "AUoimmune" hemolytic anemias such as neonatal 
isoeryth roly sis (Nl) and hemolytic transfusion reactions are 
caused hy an ti erythrocytic all ©antibodies. 

Immune Mechanisms Regardless of the underlying cause, 
IMHA results from a breakdown in immune self-tolerance. 
The process of clonal deletion for central tolerance is not 
capable of completely eliminating all potential self-reacting 
B cell clones in utero . Clonal anergy, another central control 
mechanism, is not totally efficient in the inactivation of B cells 
designed to respond to self-antigens. Therefore an immune 
response against erythrocytes may occur. 62 Because some ery¬ 
throcyte antigens are hidden or cryptic, the appropriate R cell 
may encounter the antigen only after membrane damage 
exposes the antigen. An inflammatory or infectious process 
can also release new antigens into the circulation that cross- 
react with erythrocyte antigens or attach to the erythrocyte 
membrane. Furthermore, the appropriate T cell must find the 
matching B cell and bind via receptor-ligand pairs to activate 
the respective cell. However, during infection and inflamma¬ 
tion, nonspecific activation of lymphocytes can occur, so self* 
reacting antibodies may be nonspeeifically induced. Finally, 
impairment of the down-regulation mechanisms such as acti¬ 
vated B-cell death by apoptosis through a Fas ligand signal 
from T cells may allow- an active autoimmune response to 
develop. 63 ' 65 

The binding of immunoglobulin G (IgG) or IgM antibodies 
and complement to the surface of erythrocytes initiates immune 
destruction of the erythrocytes. Under most clinical circum¬ 
stances, immune destruction is an extra vascular process that 
depends on recognition of erythrocytes opsonized with IgG, 
complement, or both by specific receptors on reticulo¬ 
endothelial cells. 

IgG-coated erythrocytes can be destroyed without com¬ 
plement activation because tissue macrophages express recep¬ 
tors that recognize the Fc portion of the IgG molecule. IgG 
binding by Fc receptors on macrophages can mediate com¬ 
plete phagocytosis, particularly in the red pulp of the spleen. 
Macrophages with engulfed erythrocytes may be noted by 
cytologic examination of tissue aspirates. Alternatively, phago¬ 
cytes remove only a portion of the membrane, leaving erythro¬ 
cytes with a reduced surface area/volume ratio and thereby 
forming spherocytes. Because the deformability of sphero- 
cytes is impaired, these rigid cells are trapped in the spleen 


and are subsequently destroyed. Erythrocyte-bound IgG I and 
IgG3 antibodies have a strong affinity for Fc receptors. 
Erythrocytes that become heavily coated with IgG can also 
bind complement. In as much as macrophages also have 
receptors for complement components C3b and iC3b, the 
attachment of complement component C3b, iC3b, or both via 

CRI and CR3 receptors together with IgG enhances the 

phagocytic process, particularly of hepatic macrophages 
[Kupffer's cells). In addition, erythrocytes heavily coated with 
IgG may activate so much complement that intravascular 
cytolysis occurs. 60 ^ 

In contrast, macrophages do not have receptors For the 
Fc portion of IgM, and thus the destruction of IgM-coated 
erythrocytes is mediated by complement. The pentameric 
structure of IgM is readily able to induce binding and activa¬ 
tion of complement on erythrocytes. High IgM antibody titers 

can generate the cytolytic complex via the classical comple¬ 
ment system and, thereby, intravascular hemolysis ensues. 
However, the IgM antierythrocyte antibodies are more com¬ 
monly present in sub lytic concentrations, and inhibitory 
regulatory proteins prevent full complement activation. 
Nevertheless, some C3b and iC3b are bound to the cell 
surface, resulting in extravascular destruction of complement- 

sensitized erythrocytes. Alternatively erythrocyte-bound 
complement may he inactivated to C3dg, which no longer 
impairs erythrocyte survival, Antierythrocytic antibodies 
inducing hemolysis are generally reactive at body tempera¬ 
ture, Only in exceptional cases do cold-acting antibodies 
(at 4 a to 37° C thermoamplitude) contribute to in vivo 
hemolysis and erythrocyte agglutination in cooler, peripheral 
vascula tu re. 


Underlying Conditions and Predispositions Historically, 
in most dogs with IMHA, no underlying condition was ever 
identified, and thus it was considered to be primary or idio¬ 
pathic IMHA. 67 However, in later studies of autoimmune 
hemolytic anemia, probably reflecting more intense clinical 
investigations, an underlying disease process or trigger could 
be identified, including drug exposures, emerging infections, 
bee stings, neoplastic processes, and other immune disorders 
(Box 270-l). 6fi ' 70 Best exemplified in babesiosis and hemobar- 
tonellosis, hemolysis is severely exaggerated by immune 
processes. Many chronic infections including abscesses, dis- 
cospondyliti s, pyometra, and pyelonephritis can induce sec¬ 
ondary immune disorders including IMHA, A temporal 
association between vaccination and onset of IMHA has also 
been suggested. In a limited retrospective study, one quarter 
of all dogs with IMHA of unknown cause were vaccinated 
within 1 month of onset of clinical signs. 71 As this correlation 
was associated with modified and killed vaccines against 
common infectious diseases from different manufacturers, 
it appears likely that vaccines may trigger or enhance a smol¬ 
dering immune process rather than be the underlying cause. 
Although a number of anecdotal reports support a temporal 

relationship between vaccination and IMHA, no significant 

association was found in a large-scale retrospective survey of 
animal health insurance records from Britain, 72 The higher 
rate of IMHA during the warmer months from May through 
August reported in some studies, but not in others, may 
also suggest an infectious cause including tick-borne disorders 
and allergen exposure during the warmer months. 73 The sea¬ 
sonality may vary geographically. The association of IMHA 
with other immune disorders, including hypothyroidism and 
immune-mediated thrombocytopenia (fTP) r lends support to 

the hypothesis of a general immune disturbance. IMHA and 
ITP occurring concurrently are known as Evans 1 syndrome 74 
In contrast to humans, IMHA in dogs is often associated with 
inflammation and necrosis, suggesting again an underlying 
mechanism to trigger an immune response. 
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IMHA may be secondary to FeLV or Haentobartonella infec¬ 
tions, inflammation, or antithyroidal medication 7 No 
breed, gender, or other association has been found in cats. 

Clinical Signs of Immune-Mediated Hemolytic Anemia 
IMHA may present at any age but is most commonly encoun¬ 
tered in young adult to middle-aged dogs. The clinical history 
is generally brief and vague. An underlying condition may bt 
identified. A brief episode of vomiting or diarrhea may pre¬ 
cede the typical signs of anemia (lethargy, weakness, exercise 
intolerance, pallor) and hemolysis (pigmenturia, icterus). 
Some animals may be febrile, presumably because of erythro¬ 
cyte lysis or an underlying infectious or inflammatory disease 

process. Others develop dyspnea, indicating pulmonary prob¬ 
lems either as cause of the underlying disease or as a throm- 
boemboli c complication of IMHA. 7 7 Physical examination may 
also reveal mild splenomegaly and, less commonly, mild 
hepatomegaly and lymphadenopalhy, which again suggest a 
secondary cause of IMHA. A normal-sized spleen does not rule 
out a massive hemolytic process. Furthermore, signs attributable 
to their underlying disease may predominate, whereas chronic or 
recurrent signs of IMHA suggest a primary form. 

In the rare case of cold-reacting antierythrocytic antibodies, 
peripheral skin lesions characterized by acrocyanosis and 
gangrenous necrosis of ear, nose, 
the obvious problem without any evidence of hemolysis. 

Routine Laboratory Test Results IMHA can be a mild to 
life threatening condition. The hematocrit may drop precipi¬ 
tously at any time because of active hemolysis. Although a 
regenerative, macrocytic-hypochromic anemia would be 
expected, as many as one third of all pets with IMHA have 
a nonregen erative anemia when first examined. 737879 The 
disease course may have been peracute, not yet allowing time 
to mount a regenerative response. Alternatively, antibodies 
may be directed against erythroid precursors, thereby remov¬ 
ing metarubricytes and reticulocytes, or the IMHA disease 
process may change the microenvironment of the bone marrow 
and thereby impair erythropoiem Evidence of ineffective ery- 
thropoiesis and erythrophagocytosis may be found on cytologic 
examination of a bone marrow aspirate. 8 * 1 Autoagglutination of 
erythrocytes and spherocytosis are typical findings on blood 
smears (Figures 270-7 to 270-9), 

Besides erythroid abnormalities, a leukocytosis is often present 
and can exceed 100,000/pL, mostly because of a mature neu¬ 
trophilia, but degenerative left shifts have also been observed. 
The degree of leukocytosis and toxic neutrophil changes has 
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* m _ KvS < v ! "*' •• *» ■,j . j ’ /7.»•. ws* |/™r / 
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upper respiratory or gastrointestinal (Cl) Viral diseases 
Bacterial: leptospirosis, hemobartoneflosis* serious acute 
and chronic infections (e,g„ abscess, pyometra, 
discospondytitis) 

Parasitic: babesiosis, leishmaniasis , dirofitariasis, 
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Other emerging infectious diseases (e.g,, bartonellosts) 
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Drugs 

Sulfonamides 
Cepha (os pori n 
Penicillin 
Vacc i n es 
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Methrmazole (cats) 
Procainamide 


tail tip, and nail beds may be 


Neoplasia 

Hemolymphotic: leukemias, lympfi$||$i, mufttple myeloma 
Solid tu mors 




■ 


■- 


V ■ 


■ 








V 






■ 




V .. 


1 


trm 


■ 


w-_ 'v. 


■V 


v v 


v 


. V. 


"■ V 


■? 


S&J. . * V 








* 


- v . 

•“■ir m> <- 








I 


■A 


Immune Disorders 




I 


V 




V 


1 


" 


’V 


1 


& 


t 


% 




X 


■ 


T 


7 

fj'f^r' 




i v 4 








*1 


•ai 




«- 


r*r 


% 


f 


ss® 

x A £ 


+ 1 


?!« 


.V 


U 


m 


‘ 


V 


• l-_. 

I l 


SLE 


V 


H 






m . 




V- 




■ 




B 


' 


5 


■ 


B B ■ 


-■ 


m 


m 




y 




Hypothy rordi sm 
Prima ry a nd secondp ry immu nodeficienc i es 


i. 


■ 


B 




» 


If" 




B 






/ . 


• • 


■ ■i 




■ 


■ 




B 


■ 


■ 






B 


>vr: 




■ 




.■ 


* 


V 


m 


r-\ v 








■ 


■ 


Genetic Predisposition 

American cocker spaniel (one third of aft oases) 
English springer spaniel 
Old English sheepdog 

I ri sh setter; 

Poodle 
Dachshund 
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FeLV, Feline leukemia virus; FIV, feline immunodeficiency virus; 
SLE , systemic lupus erythematosus. 
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IMHA is the most common reason for hemolytic anemias 
in dogs. A genetic predisposition is evident in some dogs by the 
breed predilection and familial occurrence. Thus they should 
longer be grouped with the idiopathic form.' i7 73 American 
cocker spaniels may represent one third of all dogs with IMHA. 
In other canine breeds predisposition is less well documented 
and may vary geographically. Certain histocompatibility 
leukocyte antigens have been associated with the occurrence 
of IMHA in humans. The previously reviewed hereditary 
erythrocyte defects, particularly the common occurrence of 
PK and PFK deficiency and osmotic fragility problems, should 
also be considered as an important differential diagnosis 
whenever IMHA is suspected in breeds documented to have 
these erythrocytic defects. As with other immune disorders, 
female dogs appear slightly predisposed, even when spayed. 
Primary IMHA is relatively rarely documented in cats, but 
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Figure 270-7 Spherocytosis with polychromasia and anisoeytosis 
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increased serum liver enzyme activities even before steroid 
therapy. Pathologic examination has revealed major hepatic 
and other tissue necroses and inflammation in dogs with severe 
forms of The degree of hemoglobinemia (a sign of 

intravascular hemolysis) can vary drastically and rapidly and is 
associated with hemoglobinuria. Hyperbilimb in uri a i 
expected as with any other hemolytic anemia; in cats, any 

rii lalimhinuna is considered iiriportariit^ whereas larger 

amounts of bilirubin are generally present in urine of dogs 
with IMHA. There may also be evidence of a bacterial cysti¬ 
tis, which may indicate an underlying infectious disease 
may occur secondarily because of immunoderegulation 
immunosuppressive therapy. 

Various imaging studies may be indicated to reveal under- 
|]p]^g disease processes, such as neoplasia, and complications 
of IMHA. Evidence of thromboemboli may be detected on 
chest radiographs and abdominal ultrasonography as well as at 

the site of catheters. 77 ' 
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Diagnostic Laboratory Test Results A diagnosis of IMHA 
requires demonstration of accelerated immune destruction of 
rythrocytes. Thus besides documenting a hemolytic anemia, 
a search for antibodies or complement or both directed against 
erythrocytes is required; that is, one or more of the following 
three hallmarks has to be present to reach a definitive diagnosis 

of IMHA; 

L M a rked spherocytosis 

2. True autoagglutination 

3. Positive direct Coombs" test 
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Spherocytosis Spherocytes (Figure 270-3 and 270-7} are 
spherical erythrocytes that appear microcytic with no central 

pallor. They result from either partial phagocytosis or lysis. 
Such cells are rigid and extremely fragile in the erythrocyte 
osmotic fragility test. Because spherocytes have lost some 
membrane, they do not have any reserves to expand in hypo¬ 
tonic solution. Large numbers of spherocytes are highly sugges¬ 
tive of IMHA and are present in approximately two thirds 
of dogs with IMHA, but small numbers may be seen with 
hypophosphatemia, zinc intoxication, and microangiopathic 
hemolysis. Hereditary spherocytosis related to various mem¬ 
brane defects in humans has only been reported in one dog. In 
cats, spherocytes are difficult, if not impossible, to identify owing 
to the small size and lack of central pallor of normal feline 
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Figure 270-8 Macroscopic agglutination on slide (A). 

Agglutination of regular and washed blood. Reader should note 
macroscopic agglutination disappeared (B). 


erythrocytes. 


A utoagg I urination Antieryth rocytic IgM and, in large 
quantities, IgG antibodies may cause direct autoagglutination 
(Figure 270-8), Agglutination may be visible to the naked eye 
when blood (at low hematocrit) is in an EDTA tube or placed 

glass slide (macroscopic agglutination) (Figure 270-9) 
it may become apparent as small clumps of erythrocytes 
stained blood smear or in a saline wet mount (microscopic 
agglutination). Autoagglutination has to be distinguished from 
rouleaux formation (Figure 270-9C), in which erythrocytes 
stack up on top of each other. For unexplained reasons, canine 
erythrocytes have a tendency to agglutinate unsperifically in 
the presence of plasma, particularly at lower temperatures in 
EDTA. Mixing one drop of blood with one drop of saline may 
not break up this unspecific form of agglutination. It is there¬ 
fore important to determine whether the agglutination per¬ 
sists after "saline washing," which has been termed true 
autoagglutination. This is accomplished by adding three times 
physiologic saline solution to blood (in a ratio of 3;I to 5:1) 
after repeated centrifugation and removal of supernatant 
including the plasma. It should be noted that autoagglutina¬ 
tion can interfere with the direct Coombs', crossmatch, and 

blood typing tests. Thus the simultaneous use of the so-called 
a u tocontrols is imperati ve. 


been correlated with the amount of necroses at necropsy. 
Because high WBC counts are not generally encountered 
with other forms of anemia, this probably reflects a unique 
cytokine- mediated response to inflammation and necroses 
specific for IMHA, but concomitant infection and steroid - 
induced leukocytosis should also be considered. Thus concur¬ 
rent hyperplasia of erythroid and myeloid cells may be 
present in the bone marrow. Furthermore, thrombocytopenia 
related to a concomitant ITP (Evans' syndrome) or other con¬ 
sumptive processes, such as with disseminated intravascu 1 ar 
coagulation (DIG), may occurs Dogs with IMHA often have 
coagulation test abnormalities with increased plasma fibrino¬ 
gen and D dimer and FSP concentrations suggesting a DIG 

like syndrome, 82 

u ^ e L Um ana ^^ ma X revea ^ a hyperbilirubinemia, and a serum 
bilirubin concentration above 10 mg/dL has been associated 

with a grave prognosis.^ However, serum bilirubin values may 
be only slightly increased in chronic cases, presumably because 
of highly efficient and accelerated bilirubin metabolism. Thus 
increased serum bilirubin concentrations could also indicate a 
concomitant hepatopathy. Dogs with IMHA often have 
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Figure 270-9 Microscopic 

agglutination wet mount (A) and 

Wright-Giemsa stain (B), Reader 

should also note leukocytosis. 
Autoagglutination should not 
be confused with rouleaux 
formation (C). 
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pellet are analyzed for hemolysis and agglutination, respec¬ 
tively. Performance of the direct Coombs' test at lower tem¬ 
peratures (4° and 20° C) is rarely indicated, because cold 
agglutinins and hemolysins are rarely strong enough and rarely 
active at near-normal body temperatures (30° C) to 
hemolysis. Cold agglutinins and hemolysins of clinical impor¬ 
tance are generally IgM antibodies at high titer with a thermal 
plitude that reaches 30 c C Because the same erythrocyte 
washing procedure is used in the direct Coombs' test as in the 
true auto agglutination test and the end point ot the Coombs' 
reaction is agglutination and lysis of erythrocytes, true autoag¬ 
glutination precludes the performance of a direct Coombs test. 

Positive direct Coombs' test results are reported as +1 to 
+4 or in the form of dilutions ol the Coombs' reagent that 


Direct Coombs test The direct Coombs 1 test, also known 
the direct antiglobulirt test flDAT), is used to detect antibod¬ 
ies, complement on a dog or cat’s erythrocyte surface, or both, 
when the anti erythrocyte antibody strength or concentration 
is too low (subagglutinating titer) to cause spontaneous 
autoagglutination.**- 85 The so-called incomplete antibodies on 

erythrocytes, together with species-specific antiglobulins 

against IgG, IgM, and C3b {Coombs' reagents), allow anti¬ 
body bridging and thereby agglutination or lysis of coated 
erythrocytes (or both). Separate IgG, IgM, and C3b, as well as 
polyvalent Coombs' reagents, are available for dogs and cats. 
They are added at varied concentrations after washing the 
patient's erythrocytes free of plasma. The mixture is generally 
incubated at 37°C, then centrifuged, and supernatant and 
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cause in vitro agglutination, lysis, or both; the strength of the 
Coombs 1 reaction does not necessarily predict the severity of 
hemolysis seen clinically. Most dogs are IgG positive, some are 
IgG and IgM positive, and a few are only IgM positive. 66 To 
reach a definitive diagnosis of IMHA, the direct Coombs’ test 
should be positive, but this does not discriminate between 
primary and secondary IMHA. Dogs with negative Coombs' 
test results should be re-evaluated for other causes of 
hemolytic anemia. However, a small proportion of dogs may 
have IMHA despite a negative Coombs' test result. False-neg¬ 
ative Coombs' test results may occur because of insufficient 
quantities of bound antibodies on erythrocytes and for many 
technical reasons (inappropriate reagents or dilutions). 
Various techniques have been used to enhance the sensitivity 
of the direct Coombs' test, but none of them have gained 
wide acceptance in human and veterinary medicine. 
Furthermore, the test result may be negative in the absence of 
an inciting agent (e,g., drug). Negative results are also 
obtained for animals in which the disease is in remission; how¬ 
ever, a few days of immunosuppressive therapy are not likely 
to reverse test results (i.e., in the presence of anemia and 
hemolysis the Coombs' test should be positive in a dog or cat 
with IMHA), Some treated animals have positive Coombs' 
test results long after the hemolytic anemia resolves. False¬ 
positive Coombs' test results occur only rarely, for example, 
early after an incompatible transfusion or because of technical 
problems. Furthermore, some animals may have a positive 
Coombs' test result without evidence of hemolysis and 
anemia; this has also been observed in healthy human blood 
donors. 

Little is known about the usefulness of the indirect 
Coombs' or antiglobin test in which the presence of antiery¬ 
throcyte antibodies in the patient's serum is evaluated with 
random erythrocytes. Clearly, the indirect Coombs' test 
would remain negative if the antibody is directed against a 
cryptic or new (drug, parasite) antigen on the erythrocyte 
surface. Altem atively, a false-positive test result may occur in 
a dog that has previously been transfused and developed 
tain alloantibodies. 

Therapy of Immune-MeMated Hemolytic Anemia 
Because the severity of IMHA ranges from an indolent to a 
life-threatening disease, therapy has to be tailored for each pet 
and depends, in part, on whether the IMHA is primary 
ondary. Removal of the triggering agent or treatment of the 
underlying condition can bring the IMHA under control. Thus 
if the IMHA is thought to be secondary to an infection, treat¬ 
ment with antiprotozoais, antirickettsials, or antibiotics should 
be instituted. Because of the potential for underlying occult 
infection and the predisposition to infection related to the 
immunoderegulation associated with IMHA and immunosup¬ 
pressive therapy, antibiotic therapy is generally indicated. 
In addition, surgical correction of abscesses or other infections 
may be considered. Nonessential drugs, particularly those that 
might cause an immune reaction, should immediately be 
withdrawn. Despite these interventions, transfusion and 
immunosuppressive therapy are probably still required in the 
initial control of secondary IMHA, 

Rehydration of the severely ill animal is pivotal to improve 
organ perfusion even when it lowers the hematocrit. If 
hypoxia due to severe anemia and a rapidly dropping hemat¬ 
ocrit to critical levels ensues, packed RBC transfusions 
beneficial* The increased oxygen-carry ing capacity provided 
by transfused cells may be sufficient to maintain the animal 
for the few days required for other treatment modalities to 
become effective* The notion that transfusions are especially 
hazardous in animals with IMHA has been overemphasized and 
is not supported by retrospective studies in dogs and humans. 


Because the antierythrocytic antibody in IMHA is not an 
alloantibody, the destruction of transfused cells is no higher 
than that of autologous e rythr ocytes. However, a utoaggl utin a - 
tion may hamper accurate dog erythrocyte antigen (DBA) 1.1 
blood typing and cross-matching tests even after RBC washing; 
hence, only DEA 1,1-negative blood should be transfused 
in autoagglutinating, untyped dogs. If compatible blood is 
not available, the ultrapurified bovine hemoglobin solution 
recently approved by the Food and Drug Administration can 
be administered and provides increased oxygen-carrying 
capacity and plasma expansion. In the original randomized study 
for Food and Drug Administration approval, this hemoglobin 
solution reduced the need for blood transfusions in the initial 
management of dogs with severe IMHA. J0 Some retrospective 
studies, however, suggested that this therapy was not 
beneficial if it was used as a last effort. With adequate trans¬ 
fusion support, animals with IMHA rarely die because of 
anemia, but they die because of overwhelming hemolysis and 
secondary complications such as thromboemboli and infec¬ 
tions, Oxygen inhalation therapy is of little benefit unless the 
animal is suffering from pulmonary disease such as pulmonary 
thromboemboli. 

The main goal in the treatment of IMHA is to control the 
immune response by reducing phagocytosis, complement 
activation, and antierythrocytic antibody production, 67 
Glucocorticosteroids are the initial treatment of choice for 
IMHA. They interfere with both the expression and function 
of macrophage Fc receptors and thereby immediately impair 
the clearance of anti body-coated erythrocytes by the 
macrophage system. In addition, glucocorticosteroids may 
reduce the degree of antibody binding and complement acti¬ 
vation on erythrocytes and, after weeks, diminish the produc¬ 
tion of autoantibodies. Oral prednisone or prednisolone at a 
dose of 0.5 to 1 mg/lb twice daily is the mainstay treatment. 
Alternatively, oral or parenteral dexameth asone at an equipo- 
tent dose of 0.3 mg/lb daily can be used but is probably not 
more beneficial. A response reflected by a stabilized 
rising hematocrit, appropriate reticulocytosis, and less autoag¬ 
glutination and spherocytes can be expected within days* As 
glucocorticosteroid therapy is associated with well-(mown 
side effects, the initial dose is then tapered by reducing 
the amount by one quarter to one third every 7 to 14 days. 
Generally the faster the response to treatment the more 
rapidly the tapering is done. Within weeks to months, a low- 
dose alternate-day therapy may be reached with minimal 
steroid side effects. In secondary IMHA with appropriate con¬ 
trol of the underlying disease, the tapering can be accom¬ 
plished 

ulceration by steroids, treatment with sucralfate or other sim¬ 
ilar G3 drugs may be considered, although none have been 
documented to be effective. 

Despite apparent recovery as judged by reaching a normal 
hematocrit, animals, particularly those with primary IMHA, 
may continue to have a positive Coombs' test for weeks to 
months and could obviously have relapses. Such relapses may 
be controlled by the same treatment as initially used, but a 
more gradual tapering regimen may be used in which the 
animal receives prednisone (preferably every other day) or 
other immunosuppressive therapy for months. 

Other immunosuppressive therapy is warranted when 
prednisone fails, controls the disease only at persistently high 
doses, or causes unacceptable side effects. Cytotoxic drugs are 
usually given with prednisone but may eventually be used 
independently. These cytotoxic drugs inhibit lymphocytes 
and thereby suppress the anti erythrocyte antibody production 
only after weeks. They are therefore probably not effective 
in the acute management of IMHA but may have a place in 
the long-term control of refractory and relapsing 
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Cyclophosphamide, an alkylating and potent myelosuppres- 
sive agent, has been advocated in cases of fulminant IMHA. 
However, a randomized limited prospective clinical trial com¬ 
paring prednisone with a combination of prednisone and 
cyclophosphamide did not find any beneficial effects of 
cyclophosphamide in the acute management of IMHA. 88 
Retrospective studies with cyclophosphamide, azathioprine 
(an anti metabolite), or both were similarly disappointing, but 
overall assessment of these and other immunosuppressive 
agents is difficult based on retrospective and small case 
studies, 8992 In addition to the strong myelosuppressive effects 
of these cytotoxic drugs:, leading to reticuiocytopenia T neutrope¬ 
nia, and thrombocytopenia, cyclophosphamide can induce a ster¬ 
ile hemorrhagic cystitis and secondary neoplasia. A potential 
regimen for the long-term management of dogs with IMHA 
might include azathioprine at 1 mg/lb once a day or every other 
day, but dogs need to be carefully monitored for cytopenias. 90 
Hence, the risk/benefit ratio should be carefully considered 
when using these drugs. 

Several other immunosuppressive agents have been used 
on a limited basis in conjunction with prednisone, and anec¬ 
dotal success has been reported in dogs and rarely in humans. 
Because some of these agents interfere with antibody action 
and macrophage function, they can elicit more immediate 
effects. Cyclosporine, an expensive but potent immunosup¬ 
pressive agent most commonly used in preventing graft rejec¬ 
tion and graft-versus-host disease in transplant patients, may 
be beneficial in controlling the immune response in dogs with 
IMHA, A dose regimen of 5 mg/lb once a day may be used ini¬ 
tially, but blood concentrations should be monitored periodi¬ 
cally to achieve an effective but safe level, Leflunomide and 
mycophenolate are in a class of agents similar to that of 
cyclosporine and have been used in a few cases with anecdotal 
success, Danazol, an androgen derivative, at a dose of 5 mg/lb 
once a day, may inhibit binding of antibodies and phagocyto¬ 
sis. However, a retrospective study in dogs with IMHA was 
disappointing; furthermore, danazol is expensive and may be 

hepatotoxic. 93 Intravenous human immunoglobulin (IVIG) 
may be helpful in the short-term treatment of dogs with 
IMHA, although its mode of action remains unresolved. 9 ' 1 ' 96 
JV1G can block Fc receptors on macrophages (thereby reduc¬ 
ing Fc-mediated phagocytosis of IgG-coated erythrocytes), 
interfere with complement action, and suppress antibody pro¬ 
duction, Human IVIG binds to canine lymphocytes and 
-monocytes and inhibits erythrocyte phagocytosis. 96 A single 
IVIG dose of 0.25 to 1 g/lb has been beneficial in some refrac¬ 
tory cases as indicated by a rising PCV and reticulocytosis 
within days, but the response has often been only temporary. 
More recently two Q.5 g/lb doses of IVIG 1 day apart has 
resulted in good responses. Anecdotally, plasmapheresis has 
also been used as an adjuvant therapy, but is currently not 
available for companion animals. 97 

Splenectomy may be considered in IMHA dogs and cats 
that do not respond to prednisone and other immuno¬ 
suppressive therapy, that require long-term high-dose therapy 
to remain in remission, or that have intractable drug-induced 
side effects. The spleen is a major site of autoantibody pro¬ 
duction, as well as sequestration and destruction of erythro¬ 
cytes coated with IgG, but probably does not directly affect 
the clearance of IgM-coated cells, in addition, histologic 
examination of the spleen may provide evidence of an under¬ 
lying disease. The response to splenectomy has recently been 
described in a few dogs with IMHA, but 
assessment based on a randomized trial has not been com¬ 
pleted 98 A risk exists of developing overwhelming infections 
after splenectomy. Splenectomy should not be considered 
in pets receiving immunosuppressive therapy aside from 

prednisone. 


Thromboemboli and DlC-like syndromes are serious com¬ 
plications of IMHA that greatly contribute to morbidity and 
mortality. Although the pathogenesis remains unknown, 
venipuncture, catheters, and glucocorticosteroid therapy rep¬ 
resent potential predisposing conditions. No study has docu¬ 
mented any successful prevention or management protocol 
for these life-threatening problems, which represent rare com¬ 
plications in humans with IMHA, Predisposing factors should, 
whenever possible, be limited. Adequate perfusion and oxy¬ 
genation of tissue should be provided with fluids and transfu¬ 
sions, Generally, anticoagulant therapy is instituted only after 
some evidence or suspicion of thromboembolism exists. 
Heparin at a dose of 5 to 250 lU/lb subcutaneously every 
6 hours or by continuous infusion is the most commonly used 
drug, and other antithrombotic agents are being evaluated, 99 
However, none of them have been documented to be effective 
and safe in dogs or other species in the control of thrombotic 
complications. Fresh frozen plasma (5 mL/lb every 12 hours) 
may be administered to replenish dangerously low plasma 
anti thrombin III concentrations, but its efficacy has not been 
demonstrated. 100 Other complications may also be related to 
drug therapy. 

Despite appropriate implementation of these therapeutic 
strategies, the mortality rate remains high. An impression 
exists that the fulminate form of IMHA is more frequently 
encountered today. Depending on the type of practice (primary 
to tertiary), mortality rates from 20% to 75% have been 
reported. Negative prognostic indicators are a rapid drop in 
PCV, highly increased serum bilirubin concentrations, non- 
regenerative anemia, intravascular hemolysis, persistent auto¬ 
agglutination, and thromboembolic complications. 

Allolmmune Hemolytic Anemias—Neonatal 
Isoerythrolysis and Hemolytic Transfusion Reactions 

Erythrocyte alloantibodies, also known as isoantibodies, are 
specific antibodies directed against erythrocyte antigens 
(blood types) from the same species but not from the indi¬ 
vidual producing the antibody. 2 Depending on the species and 
blood group system, these alloantibodies occur naturally (cats) 

produced only after sensitization with a mismatched 
blood transfusion (dog) and are responsible for NI (cats) and 
acute or delayed hemolytic transfusion reactions (dogs and 
cats). Additional information can be found in Chapter 127 on 
transfusion medicine. 

In cats, only the AB blood group system has been recog¬ 
nized; it consists of three blood types: type A, type B, and 
type AB. 2 The inheritance pattern of these blood types is 
unique and of considerable importance to breeders. The A allele 
Is dominant over the B allele. Thus only homozygous h/b cats 
express the type B antigen on their erythrocytes. Type A cats 
are either homozygous (a/a) or heterozygous (a/b), 102 The 
rare AB blood type, seen in certain families, is inherited sepa¬ 
rately as a third allele that is recessive to A and codominant 
with B. 103 Simple in-practice blood typing cards are available, 
and other methods are being developed. Because a reaction in 
both test wells could be caused by autoagglutination, type AB 
test results should be confirmed after saline washing and in a 
reference laboratory using another method. 3 04 The prevalence 
of feline blood types varies geographically and among 

breeds. 102 Whereas purebred Siamese cats have all type A 
blood, Turkish Van and Angoras have equal numbers of type 
A and type B cats. All type B cats develop strong naturally 
occurring anti-A antibodies with high hemolysin and agglu¬ 
tinin titers (> 3:32) after a few weeks of age, whereas type A 
cats generally develop only weak anti-B antibodies. Type AB 
cats have no alloantibodies. Thus acute life-threatening 
hemolytic transfusion reactions occur during the first mis¬ 
matched transfusion (as little as 1 mL of blood), and Nl is 
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seen in type A and AB kittens born to pri mi parous type B 
queens. 

Feline Ml is caused by maternal anti-A alio antibodies that 

gain access to the circulation and destroy type A and type AB 

erythrocytes* 2105107 Thus type A and type AB kittens from 

matings between a type B queen and a type A or AB tom are 

at risk. The proportion of kittens at risk for NI varies from 

zero to 25%, depending on the frequency of type B cats, and 

therefore represents a major and now preventable cause of the 

neonatal kitten complex in purebred cats. 102 The low-titer 

anti-B alloantibodies of type A queens have not been 

a ted with NL Cats (and dogs) have an endotheliochorial 

placenta that is impermeable to Immunoglobulins from the 

mother's serum. However, feline colostrum and milk contains 

high maternal concentrations of immunoglobulins that pass 

the G1 tract and are absorbed intact only during the first 
16 hours of life. 

Thus type A or type AB kittens produced by type B queens 
are horn healthy. Upon ingestion of colostrum or milk con¬ 
taining anti-A antibodies, the kittens at risk can develop 
clinical signs during the first few days of life. They may die 
suddenly without obvious clinical signs during the first few 
hours of life. They can develop severe pigmenturia, which is 
readily visible when stimulating the neonates to urinate with 
a moist cotton ball. These kittens fail to thrive, are reluctant 
to nurse, become anemic and icteric, and rarely survive the 
first week of life. Some kittens at risk may have a subchnical 
course or slough their tail tip at i to 2 weeks of age, pre¬ 
sumably because of an agglutinin-induced occlusion. The 
severity of clinical signs depends on the amount of colostral 
antibodies ingested before the kitten's ability to digest 
proteins and closure of the gut to the absorption of intact 
proteins, which varies from kitten to kitten, between queens 
and litters, and even within a litter Nl can be confirmed by 

typing the queen and kitten or the tom if the kitten died with 
suspicious signs. 

Because of the acute disease course, treatment of Nl is 
rarely successful. Foster nursing by a type A queen, who deliv¬ 
ered recently, or with milk replacer, transfusion, and support¬ 
ive care may be attempted* During the first day, when anti-A 
alloantibodies could still be absorbed, washed type B blood 
may be preferred, but thereafter type A blood is appropriate 
and may be best administered by the intraosseous 
However, NI can be readily prevented by 1 1} blood typing 
queen and tom and mating type B queens only to type B toms 
(2) foster nursing type A and AB kittens bom to type B 
queens for the first 24 hours. This can be accomplished by 
placing the kittens at risk with a type A queen (exchanged 
only if the type A queen 's kittens are older than I day) 
feeding a commercial milk replacer at least four times a day 
Either all kittens of a litter at risk should be removed from the 
type B queen, or umbilical cord blood or blood from the jugul 
vein of the kittens (0.5 mL) can be typed with the typing card 
or cross-matched with anti-A plasma from the queen, thereby 
providing an opportunity to leave the type B kittens with the 
type B queen. Although maternal passive immunity does 
appear to be essential in most cattery situations, 1 to 3 mL of 

from a type A cat (which lacks harmful anti-A anti¬ 
bodies) may be given orally during the first few hours of life 

or intraperitoneally or subcutaneously to kittens receiving 
a milk replacer. 

More than a dozen blood group systems have been 
described in dogs and are referred to as DEA followed by a 
number.For all blood groups other than the DEA I 
system, erythrocytes from a dog can be either positive or neg¬ 
ative (e.g., DEA 4 positive or negative)* The DEA 1 system, 
however, has at feast two subtypes: DEA 1*1 (also known 
Aj) and DEA 2 (A^)*Thus the dogs erythrocytes can be DEA 
1.1 positive or negative, and DEA 1.1 -negative erythrocytes 


can be DEA 1,2 positive or negative. The most antigenic and 

therefore most important blood type is DEA 1*1, for which 
simple blood typing cards are available. Typing of both blood 
recipient and donor for DEA 1.1 is recommended. An autoag- 
giutination test card has been added, because autoagghitinating 
samples appear like DEA 1.1 positive. ^ True autoagglutina¬ 
tion precludes typing. Typing for DEA 1.2, 3, 4, 5, and 7 is 
provided only by Midwestern Blood Services, but this extended 
blood typing has not be proven helpful in preventing blood 
type incompatibility reactions. In contrast to cats, dogs do not 
have clinically important naturally occurring alloantibodies 
but can develop them after mismatched transfusions, particu¬ 
larly anti-DEA 1.1 antibodies in DEA l*I-negative dogs. Thus 

NJ is not a clinical problem in dogs unless the bitch has 


a ssoci - 


pre¬ 
viously received blood products. Similarly, acute hemolytic 
transfusion reactions are 


encountered only when a dog receives 
a blood transfusion 4 or more days after the first transfu¬ 
sion, Careful history should indicate prior transfusions. 
These reactions can be prevented by cross-matching all dogs 
that have been previously transfused even when using the same 
donor. Furthermore, delayed hemolytic transfusion reactions 
characterized by a more rapid than anticipated drop of the 
hematocrit may be observed 1 to 2 weeks after a (first) transfu¬ 
sion because of the development of new antibodies. Because 
most reactions are directed against the DEA 1,1 antigen, DEA 
1.1-negative (as well as untyped] dogs should never receive any 
blood products from DEA 1.1 -positive donors. The only other 
acute hemolytic transfusion reactions were documented against 
a missing common antigen and DEA 4 in a DEA 4-negative dog, 
thus questioning the term universal donor for DEA 4-positive 
but otherwise negative dogs. However, a matched DEA LI 
transfusion with crossmatching for a subsequent transfusion is 
practical and safe. Furthermore, some acute hemolytic reactions 
may be caused by use of expired, inappropriately stored, and 
contaminated blood. In case of acute hemolytic transfusion 
reactions, the transfusion should be stopped immediately and 
supportive therapy provided. G l ucocorticosteroid administra¬ 
tion has not been proven to be effective in preventing or treat¬ 
ing hemolytic transfusion reactions. 


Infection-Associated Hemolysis 

Hemolytic anemia may develop after exposure to several 
parasitic, bacterial, and viral agents because of tbe direct 
action of the infectious agent or its products on erythrocytes. 
Few rickettsial and protozoal organisms are capable of infect¬ 
ing eryth rocytes directly and causing severe hemolytic anemia 
(Table 270-2). Other infectious agents may induce a 
hemolytic component indirectly along with other major clin¬ 
ical signs. Thus any infection may trigger the production of 
humoral antibodies against host erythrocytes and together 
with an activated complement and phagocytic system, the 
rate of erythrocyte destruction may be markedly accelerated* 
Cats in particular have an inflammation-associated shortened 
survival of erythrocytes caused by an abscess, surgery, or 
trauma, 110 Furthermore, during bacterial (e.g.* Leptospira , 
Clostridium, Streptococcus , Staphylococcus) septicemia, specific 
hemolysins can be produced. For instance, alpha toxin 
released during clostridial sepsis is a Jecithinase that can attack 
erythrocyte membrane lipids, leading to erythrocyte fragmen¬ 
tation. Additional information on these infectious diseases 
be found in Section VIJl* 

HcmobartoneBosis Hemobartonellosis in cats, also known 
as feline infectious anemia, is caused by an epiceildar rickettsial 
organism of erythrocytes. 111 - 112 H. felis is classified in the 
family An a plasm a taceae, is distinctly different from Bartonella, 
but is genetically similar to Mycoplasma. Hence H. felis has 
been renamed as Mycoplasma haemofelis, the large and 
pathogenic form, and M. kaemommutum, the small form. 
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on erythrocytes in a blood smear (Figure 270-10A). Blood 
needs to be collected before treatment and sometimes repeat¬ 
edly Blood smears should be prepared shortly after collection 
because organisms may detach. Any Roman owsky-type blood 
stain (e.g., WrightVGiemsa, Diff-Quik) may be used. 
Organisms appear as blue-staining ring, rod, or coccoid forms 
on the surface of erythrocytes. They need to be differentiated 
from Howell-Jolly bodies, other parasites, basophilic stippling, 
and staining artifacts. New methylene blue and reticulocyte 
stains are inappropriate, because organisms may be confused 
with punctate reticulocytes and Heinz bodies; fluorescent 
stains provide no advantages. Parasitized erythrocytes become 
spherical. Erythrophagocytosis by monocytes and tissue 
macrophages (e.g., bone marrow, splenic aspirates), as well as 
autoagglutination of parasitized erythrocytes may be 
observed, and the direct Coombs' test at 37° C is often posi¬ 
tive, supporting the major role of immune destruction. 
Because of the cyclic nature of the parasitemia, absence of 
organisms does not rule out an infection. 

Infected cats should be treated with tetracycline products 
for 3 weeks. 111 Doxycycline at a dose of 2,5 mg/lb twice a day 
is the preferred product because it needs to be administered 
only twice daily and appears to cause fewer side effects 
such as fever, anorexia, and hepatopathy. Enrofloxacin at a 
dose of 2,5 mg/lb once a day, orally, alone is a good alterna¬ 
tive, Use of the two drugs in combination may be helpful in 
refractory cats. Parasitemia typically resolves quickly, and a 
clinical response is seen within days. None of the tetracyclines 
clear the infection completely; thus treated cats remain carri¬ 
ers, although relapses appear uncommon and have not been 
documented experimentally Severely anemic cats may also 
benefit from blood transfusion from a blood type-compatible 
donor. Furthermore, because of the immune-mediated 
mechanism involved, treatment with prednisone at 0.5 to 
1.0 mg/lb twice a day is indicated, particularly to inhibit the 
erythrophagocytosis. 

In contrast to cats, dogs rarely have hemobartonellosis. It is 
caused by Haemobanonella canis } which can be transmitted by 
the brown dog tick (which also serves as a reservoir) and 
infected blood. 117 Unless dogs are splenectomized or have 
other serious illness and splenic dysfunction, infected dogs do 
not develop clinical signs of anemia. On stained blood smears 
H, canis differs from H, felis in that H. cants often forms chains 
across the surface of erythrocytes. Infected dogs with anemia 
are treated as described for cats and probably also remain 
latently infected. 


The natural transmission of these my coplasmas stiU remains 
unclear, although bloodsucking ectoparasites are considered to 
be major vectors. Iatrogenic infection can occur via blood 
transfusion from carrier cats. In addition, they may be trans¬ 
mitted by oral ingestion of infected blood or from queens to 
their newborns. Finally, because cat bite abscesses often pre¬ 
cede hemobartonellosis by a few weeks, particularly in male 
cats that roam outdoors, this may represent another form of 

transmission. 

It is considered an opportunistic organism that causes 
illness only under predisposing conditions. Approximately 
half of the cats with hemobartonellosis were FeLV positive 

and infection with both agents exaggerates the severity of the 
anemia, whereas concurrent infection with feline immuno¬ 
deficiency virus (FIV) does not appear to worsen the anemia. 
Although viral infections, abscesses, systemic illnesses, and 
trauma (including surgery) are apparent predisposing factors, 
such conditions are not always identifiable. 3N 

The pathogenesis of hemobartonellosis can be divided into 
parasitic incubation, acute parasitemia, and recovery or carrier 
stage, 115 One week to months after infection, cats, when 
stressed, develop an acute parasitemic phase that results in 
mild to severe anemia. This stage is characterized by cyclic 
parasitemia and often lasts for weeks to months unless death 
caused by massive parasitemia and anemia ensues earlier. 
Parasitized erythrocytes lose their deformability and elicit an 
immune response and are therefore rapidly sequestered 
and phagoeytized in spleen and other tissues. However, 
sequestered erythrocytes may shed the parasites and re-enter 
the blood circulation. Although cats may recover by mount¬ 
ing an immune response against the parasites, they cannot 
completely clear the infection and thus they remain carriers 
indefinitely by harboring organisms in macrophages. 

Feline hemobartonellosis is associated with a gradual to 
precipitous drop in hematocrit that results in clinical signs of 
anemia. Cats are lethargic, weak, and inappetent, and cyclic 
fevers occur during the transient periods of parasitemia. 
Icterus is rare, but pale mucous membranes are common. 
Splenomegaly and weight loss may develop gradually. 

No serologic tests arc presently available, but PCR-based 
tests to detect the my coplasm a-DN A have greatly aided in 
the detection of these infections. 316 However, not every cat 
positive for M, haemomimitum is anemic or experiences 
hemolysis. These organisms may be incidentally discovered in 
carrier cats with other diseases. A diagnosis of feline hemo¬ 
bartonellosis can also be made by recognizing the organisms 
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Figure 270-10 Hemobartonellosis in a cat (A) and babesiosis in a dog (B), 
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Cytauxzoonosis Cytauxzoonosis has been sporadically 

reported in cats in south central and southeastern states of the 
United States and in Africa. llfll ]t * It is caused by Cytauxzoon 
felis f a piroplasm of the family Theileriidae, In C /e/is's life 
cycle schizonts develop to merozoites in mononuclear phago¬ 
cytes, whereas the erythrocytic piroplasms are the terminal 
chronically infected stage. Wildcats, particularly the bobcat 
(Lynx rufus), appear to be the natural reservoir for C. felis in 
North America, and ticks probably serve as vectors. Thus cats 
with access to tick-infected wooded areas during the 
months are mostly at risk. 

After an incubation period of days to weeks, the course of 
illness is rapidly progressive and leads to death in less than 
I week. Affected cats develop fever, anemia, icterus, pigmen- 
turia, and dyspnea. The rapid multiplication of the protozoa in 
tissue and destruction of parasitized erythrocytes result in 
org a n dysfuncti on, particularly of ] u n gs, and hem olyti c 
respectively, leading to hypoperfusion, hypoxia, and DIG. Only 
extremely rarely does a cat recover from the acute illness. 
A diagnosis is reached by docu men ting the protozoa in eryth ro- 
cytes on a Wright's-Giemsa-stained blood 
classically as signet ring-shaped blue forms, although other oval, 
tetrad, and dot forms may also be observed. Up to 5% of the ery¬ 
throcytes m ay he parasi tized, each with on e piropl asm. Serologic 
and direct fluorescent antibody tissue teste have been developed 
but are not commercially available Supportive fluid therapy and 
administration of the compound diminazene or imidocarb may 
be attempted, but cytauxzoonosis remains a disorder with a high 
degree of m ortali ty. 


Babesiosis is diagnosed by DNA testing, blood 
examination, or immunodiagnostics (Figure 270-1 OB). 
Single or pairs of large piriform organisms in erythrocytes 
characteristic of ft canis, whereas singular intracellular organ¬ 
isms are probably ft gibsoni. Because only few erythrocytes 
generally parasitized, examination of erythrocytes in or below 
the buffy coat or of blood collected from an ear prick may 
improve the chances of finding the organism. The indirect flu¬ 
orescent antibody test and enzyme-linked immunosorbent 
assay (ELISA) are most helpful in the screening for babesio¬ 
sis, although dogs seen early in the disease course are serolog¬ 
ically negative, and a few dogs may even remain serologically 
negative. Because of some serologic cross-reactivity, ft canis 
and ft gibsoni may be differentiated only by DNA testing and 
examination of parasites. Finally dogs infected with ft gibsoni 
may have false-seropositive reactions for Toxoplasma, 
Neospora, and B. canis. 

Imidocarb dipropionate as a single intramuscular injection 
of 3,5 mg/lb clears ft oitfis and probably ft gibsoni infection. 120 
In addition, it has prophylactic activity for 6 weeks, eliminates 
the infertility of ticks for up to 4 weeks, and is effective against 
Ehrlichia cams, a common dual infection. The few side effects 
are thought to be related to the anticholinergic effects of the 
drug and include hypersalivation, G1 signs, and dyspnea. In 
addition, supportive care to correct dehydration, anemia, and 
acidosis is important. 130 Treatment with immunosuppressive 
doses of prednisone is also indicated for 2 to 3 weeks to 
trol the immune-media ted hemolytic component. Tick control 
is important in preventing spread in a kennel, A vaccine against 
ft amis is available in Europe. 131 All prospective blood donors 
should be tested for Babesia by serology and blood 
examination. Splenectomy of blood donors to increase the 
likelihood of finding parasites is not generally recommended. 

Chemicol-lndneed Hemolytic Anemia 

Many compounds including chemical agents, drugs, and food 
components and additives can induce oxidative damage to 
erythrocytes leading to a hemolytic anemia. 132 Many of these 
agents are derivatives of aromatic organic compounds 
(Box 270-2). In some cases the chemical itself acts 
oxidative agent, but more often the compound or its metabo¬ 
lite interacts with oxygen to Form free radicals and peroxides 
(see Chapter 168). Extracellularly produced oxidants inj 
the membrane, whereas oxidants generated intraceliular 1 y 
attack hemoglobin and membrane structures. Thus a single 
agent may inflict erythrocyte injury {and thereby hemolysis) 
and reduced oxygen delivery to tissue by one or all three of 
the following mechanisms: 

1. Oxidation of heme iron resulting in methemoglobin 
production 

2. Oxidative denaturation of hemoglobin leading to Heinz 
body formation 

3. Membrane damage causing impaired deformability and 
ion transport 

Methe m og I obi ne m ia 

Methemoglobin is the form of hemoglobin in which the heme 
iron has been oxidized from the ferrous (Fe 2 *) to the ferric (Fe 3 *) 
state and is therefore unable to bind and transport oxygen. 3 
Normally, approximately 3% of hemoglobin is daily oxidized 
by spontaneous oxidation of oxyhemoglobin to methe¬ 
moglobin and oxidant 'generation in regular metabolic path¬ 
ways. This is a reversible process, because methemoglobin is 
being continuously reduced by the reduced nicotinamide ade¬ 
nine dinucleotide (NADH) cytochrome- b$ reductase enzyme 
in erythrocytes, thereby keeping the blood methemoglobin 
concentration below 1%, Methemoglobin can accumulate 
because of a hereditary deficiency of the cytochrome i? 5 
reductase enzyme, as described earlier in this chapter, or 
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Babesiosis Whereas Haemobartonella and Cytauxzoon 
important Infectious agents in cats, babesiosis (see Chapter 168) 
is a major cause of acute hemolytic anemia in dogs. 120 Babesia 
canis an d ft gibson i are the only two h emato zoan species th at 
infect dogs, but strains of ft canis have been proposed on the 
basis of geographic range and pathogenesis. In the United 
States, canine babesiosis occurs most commonly in the southern 
states, but endemic areas have also been found farther 
north. 121123 ft gibsoni has also been documented in California. 
Babesia infection is endemic in greyhounds and pit bulls. 
Puppies younger than 8 months of age and greyhounds appear 
to be more susceptible to Babesia infection; depending on the 
degree of tick control, few to all of the greyhounds in a kennel 
may be seropositive. Feline babesiosis has not been reported in 
the United States. 

Ticks such as Haemophilalis bispinosa and H. Icmgicomus 
well as Rkipicephalus sangineus, likely serve as major vectors, 
although transplacental transmission and transfer via blood 
transfusion have also been documented. 1 2 * Ticks must feed a 
minimum of 2 days to pass sporozoites via saliva into the 
circulation of the host. Babesia spp : are engulfed by erythro¬ 
cytes, in which they multiply into merozoites that infect other 
erythrocytes. A host immune response is elicited that 
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clear the infection. Most infected dogs in the United States do 
not become ill hut remain carriers. 

After a 10- to 12-day incubation period, infected dogs may 
develop severe hemolytic anemia, hypotensive shock, and a mul¬ 
tiple organ dysfunction syndrome. 1211 - 7 Although direct para¬ 
site damage contributes to the anemia, a oxidative damage and 
secondary IMHA appears more important. Autoagglutination 
and a positive direct Coombs' test result are commonly 
encountered. 12 ®Furthermore, infected dogs often have 
thrombocytopenia and leukocytosis. Besides the typical signs of 
anemia, fever, vomiting, lymphadenopathy, and splenomegaly 
may be noted. Although the hemolysis is mostly extravascular, 
signs of intravascular hemolysis may also be observed. The 
erythrocytic osmotic fragility is increased in vitro. Finally, a 
variety of other atypical signs, DIG, and death 
because of multiple organ failure. 
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Although many compounds are capable of inducing methe- 

moglobin formation, benzocaine-containing skin products and 

laryngeal or nasopharyngeal sprays, ph enazo pyri din e (a urinary 
tract analgesic) , and acetaminophen produce severe methe¬ 
moglobinemia in cats within minutes to hours o\ exposure. 

For several reasons, cats appear more susceptible to oxida¬ 
tive agents. Feline hemoglobin contains eight to 10 reactive 
suifhydryl groups that are easy targets for oxidation, whereas 
Other species' hemoglobins have a maximum of four suifhydryl 
groups. Furthermore, the drug-metabolizing steps are restricted 
in cats. They cannot conjugate drugs with gjucuronides 
and their sulfate conjugation and glutathione pathways are 
rapidly saturated and depleted. Thus instead of excreting 
acetaminophen as a glucuronide conjugate, cats produce reac¬ 
tive metabolites through mixed function oxidase activities 
that damage erythrocytes, leading to methemoglobinemia and 
Heinz body anemia. 13 * As little as one small acetaminophen 
tablet 65 mg) may be lethal to a debilitated cat, whereas 
tenfold higher doses are required to induce toxicity character¬ 
ized by hepatic failure in other species. 

Although methemogiobin is quantified 
anticoagulated blood spectrophoto metric ally in commercial 
laboratories, simple spot tests can indicate the presence of 

clinically important methemoglobinemia. If a tube of blood or 

drop of blood on a filter paper remains brown after exposure 
to air (oxygen), whereas the control venous sample turns red, 
the patient's blood methemogiobin concentration exceeds 
10% of the total hemoglobin. At this level the mucous mem¬ 
branes appear cyanotic, but serious clinical signs are not 
appreciated until the methemogiobin level reaches 40%. 

Exercise intolerance, lethargy, dyspnea, ataxia, and coma 
develop and death ensues when the methemogiobin concen¬ 
tration exceeds 60% to 70%. Besides the clinical signs related 
to hypoxia, cats intoxicated with acetaminophen may develop 
facial edema, vomiting, and hypersalivation. 

Heinz Body Anemia Heinz bodies represent irreversibly 
denatured and precipitated hemoglobin in erythrocytes. 
Eccentrocytes may be noted instead and are eharacterized by 
shifting of hemoglobin to one side of the cell, leaving a clear 
moon-shaped zone outlined by membrane (Figure 270-11). 
The conformational changes of the globin chains caused by 
oxidation of the hemoglobin suifhydryl groups and oxidative 
membrane damage result in binding and clustering of precip¬ 
itated hemoglobin on the erythrocyte membrane. Heinz 
bodies containing erythrocytes are rigid, have decreased 
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Food Components 

Onions 

Garlic 
Broccoli 

Propylene glycol (semimoist food) 
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Drugs 

Acetaminophen 
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Phenozopyridine (urinary tract analgesic) 
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Phenocetin 
Vitamin K 

DL-methionine 
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Chemicals 

Naphthalene 


**.1 


+A 






fa- 


i 


•i. 


1 


r> 


>*1 






P- 




■ 












Pm 


ft t 








i 


. 




I 


+a ■ 




■ 


i 












* 






'r. 




P 








T 


■ 




V 


i 


ft I* 






ru 




•* 


r.’K 


i 


■ 










■ 




T 












JS 




1 


S"i 




J* 




w 








■V 


►a,.^ 




J * « 








m 




v. 




■ 




*9 


V 




Heavy Metals 

Zinc 
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Feline Disorders Associated with 
Hefnz Body Formation 

Diabetes melfitus ± ketoacidosis 
Hepatic lipidosis 
Hyperthyroidism 
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Lymphoma and other neoplasms 
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because of exposure to oxidative agents. Dogs and cats with 
a genetic predisposition to methemoglobinemia generally 
have relatively high hematocrits and are at extreme risk of 
developing a life-threatening methemoglobinemia-associated 

anemic crises. 












■4- M 






■ 








SL 


A 


■ 




■ • 


■ v.. • yov 

' gSM 


V. iVj 




r 








V 


•C' 


v 


I V 




+ : 


fr 




i-:- 




■: 


■: 


■ 


.V 




V A 




r V 


AS 


"A. 


A. 




V-' 


■A 


A\ 






"i 


■-X.J 




.3 


■w 




r 


v 


« 


A r ‘. • A * 

• 1 -, 9- 






r > 1 


c 


V 


.V 






l 




' 


“r 






■v 




V. YV 




' 


: ■ 


.• 


/ A 


Aa 




4 






vv 


■ v. 


» - 


■ 


■■■:vC'Y-x 


■A 




A 


# 


^ x'V' J ■: 














ft 


k 








■ r. 


» 


■ 




p.. 


V, 


ft 




.*■ *A 








■ ■ 




A 


<--x 


■k 


.. 




"I 




■: 


V, 








■ ■ 


■ 


■ -I 


:x* 


■ 




JX A 




? 


A 


■ 
















V 


A 


* ■ 1 


V 


■k 


-■ 


-■ 


A 




+. 












p 


•V. 




v 


^ j- 


•V 




A 


*.y 


■fa ^S- 


*1 


V, 




4 . 4a. 


** 


‘ * A 




r*- 


I 


* 


A 




m 


Py- 


k". 


1 




V 


■ 


• V 


A 


Figure 270-11 Heinz bodies and eccentrocytes on Wright's stain, camne (A), Large Heinz bodies NMB stain feline (li). 
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deform ability and therefore may lyse or be removed from the 
circulation by macrophages. When passing through the 
spleen, Heinz body-containing eryth rocytes are retained in 
the mesh work and phagocytized as a whole (culled), or only 
the Heinz bodies are removed (pitting). However, because of 
large openings in the venous sinus walls, the feline spleen has 
poor pitting function. Heinz body hemolytic anemia has been 
associated with a variety of conditions, many of which also 

cause methemoglobinemia and membrane injury. Ingestion of 

dietary onions (raw, cooked, or dehydrated [onion powder}), 
as well as garlic, usually fed by owners as part of table scraps, 
can result in up to 90% Heinz body formation within l day, 
followed by hemolysis leading to severe anemia by 5 days. 135 
137 Several thiosulfates in onion extracts have been implicated 
producing Heinz bodies but only minimal amounts of 
methemoglobin. Onion and garlic toxicity 

moidy in dogs than cats, and die susceptibility appears to vary 
among individual animals. Administration of various drugs, 
including methylene blue, DL-methionine, phenacetin, and 
vitamin (above 2*5 mg/lb/day] 
hemolytic anemia. 

Acetaminophen, benzocaine-eontaioing products, and 
phen azopyridine can induce severe methemoglobinemia and 
also cause Heinz body formation. Furthermore, increased 
bers of Heinz bodies have been associated with 
disorders in 


remains uncertain, but few Heinz bodies and spherocyt 
have been found. Besides identifying the metal object by 
radiographs, the diagnosis can be confirmed by documenting 
increased serum zinc concentrations (above 5 parts per mil¬ 
lion; samples must be submitted in plastic tubes for analysis). 
Similarly, acute copper toxicosis may result in severe intravas¬ 
cular hemolysis and some methemoglobinemia. It has been 
associated with fulminant hepatic failure caused by copper 
storage in Bedlington terriers (see Chapter 227). In contrast, 
lead toxicity is generally not associated with hemolysis, but 

large numbers of nucleated RBCs and G1 and neurologic signs 
are observed. 

Treatment of oxidative hemolytic anemias includes imme¬ 
diate removal of the oxidative agent, use of antioxidants, 
transfusion, and supportive care. Vomiting is induced only if 
the substance has just been ingested and activated charcoal 
may be administered. Metallic objects such as pennies and 
nuts are best removed by gastroscopy or gastrotomy. In case of 
severe anemia, methemoglobinemia, or both, transfusion with 
packed RBCs is indicated, whereas oxygen therapy hardly 
improves tissue oxygenation. The anemia nadir is often not 
reached for several days, but with the commonly observed 
strong regenerative response, recovery from anemia is swift. 
Severe methemoglobinemia can be corrected with 
slow intravenous injection of methylene blue [0.4 mg/lb). 
Methylene blue acts as an electron donor for an alternative, 
otherwise nonfunctional methemoglohin reductase. In cats 
with acetaminophen intoxication, either oral or intravenous 
IV-acetylcysteine (Mucomyst) at an initial dose of 64 mg/lb 
followed by seven treatments of 32 mg/lb every 8 hours should 
be administered. As the drug of choice, /V-acety I cysteine, 
increases the sulfate availability for conjugation of aceta¬ 
minophen and provides cysteine for glutathione regeneration 
and metabolism of toxic metabolites of acetaminophen. 
Treatments with other agents such as sodium sulfate to add 
sulfide, cimetidine to inhibit cytochrome P-450, and ascorbic 
acid as weak antioxidants have been proposed, but they have 
not been shown to provide additional benefit. Because of the 
effect of oxidative substances on other organ systems includ¬ 
ing GJ tract, liver, and central nervous system (CNS), animals 
may continue to show clinical signs after correction of the 
anemia and methemoglobinemia and require additional 
supportive care. Furthermore, care should be taken to avoid 
any re-exposure to these and other toxins. 

Hypophosphatemia-Induced Hemolysis Severe hyp 
phosphatemia causing hemolysis in dogs and cats has been 
associated with diabetes mellitus, hepatic lipidosis, enteral 

and parenteral hyperalimentation (starvation-refeeding 
syndrome), and oral administration of phosphate-binding 
antacids. 143145 During insulin, fluid, and bicarbonate 
orient of (ketoacidotic) diabetic animals, serum phosphate 
concentrations may decrease precipitously* Hypophosphatemia 
occurs because of intracellular phosphate shifts, enhanced 
renal loss, and reduced intestinal absorption of phosphate. 
In addition to myopathy, cardiac dysfunction, neurologic 
dysfunction, and acute hemolytic anemia (characterized by a 

rapid drop in PCV and mild intravascular lysis and Heinz 

body formation) may be observed in animals with hypophos¬ 
phatemia. Based on experimental data, serum phosphorus 
concentrations would need to be less than 1 mg/dL {normal 
2.9 to 7 mg/dL) to cause hemolysis, but in clinical practice 
hemolysis occurs with phosphate values less than 2,5 mg/dL. 
Serum phosphate measurements may underestimate the 
phosphate depletion in these disease states and can erroneously 
be higher because of hemoglobinemia and hyperbilirubinemia. 
Hie pathogenesis of the hypophosphatemia-induced anemia 
is probably related to depletion of erythrocytic ATP, DPG 
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cats* These disorders include hyperthyroidism, 

lymphoma, other cancers, and diabetes mellitus, particularly 
in the presence of ketoacidosis. 13 * 


one 


Memirrane Injury Many oxidative agents directly 
membrane lipid peroxidation, cross-iinking and clustering of 
cytoskeieton proteins, and impaired ion transport function. 
r rhese membrane injuries result in severe intra- and extra vas¬ 
cular hemolysis, sometimes without much Hein 2 body and 
methemoglohin formation. For instance, naphthalene, the 
active ingredient in old-fashioned mothballs or crystals and in 
toilet bowl deodorizers, is an important poison in small animals, 
causing intravascular hemolysis, vomiting, seizures, and hepa- 
topathy. 130 Hemolytic anemia has also been associated with 
acute zinc toxicity in dogs that swallowed zinc-containing 
objects such as zinc nuts and bolts from animal carriers, U S. 
pennies minted since 1983 (98% zinc by weight), and zinc 
oxide dermatologic ointments (Fig, 270-12). 140142 Because 
these objects may be retained in the stomach, the gastric acid 
liberates zinc, which allows absorption. The mechanism by 
w r hich zinc causes life-threatening intravascular hemolysis 
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Flgure 270-12 Zinc-containing coins eroded in stomach of a 
dog with hemolytic anemia. 
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[in dogs), and reduced glutathione, which leads to decreased 
deformabiiity, increased osmotic fragility, and susceptibility to 
oxidative injury. As discussed in relation to canine erythrocyte 
PFK deficiency, D PC-depleted erythrocytes are extremely 
alkaline fragile and have a high hemoglobin oxygen affinity, 
thereby contributing to intravascular hemolysis and tissue 
hypoxia in dogs but not in cats. Furthermore, thrombocytopenia 
and platelet and leukocyte dysfunction have been documented 
experimentally in dogs. 

Hypophosphatomic animals need to receive oral or par¬ 
enteral phosphate supplementation. Aggressive intravenous 
phosphate therapy is often needed in severely hypophos- 
phatomic and anorexic or vomiting animals. An initial sodium 
or potassium phosphate dose of 0.005 to 0.015 mmol/lb/hr 
(maximum, 0.03) appears safe and effective, but serum phos¬ 
phorus and calcium concentrations should he measured every 
6 hours and the dose adjusted and route switched to oral 
when appropriate. Potential complications of intravenous 
phosphate supplementation include hypocalcemia, acute 
renal failure, and dystrophic soft tissue calcification and 
should be immediately corrected by stopping the phosphate 
infusion and initiating infusion of a calcium gluconate Oral 
supplementation with a normal balanced diet, skim milk, or 
commercial phosphate products is preferred in cases of mild 
hypophosphatemia, and prophylactic phosphorus supplemen¬ 
tation should always be considered when treating severe 
diabetes meliitus or hepatic lipidosis. This can be easily 
accomplished by supplementing potassium using both 
chloride and phosphate solutions. 

Microangiopathic Hemolytic Anemia 

A large variety of conditions may cause physical damage 
to erythrocytes that leads to cell fragmentation and intra- 
and extravascu 1 ar hemolysis. M6 In case of water intoxication 
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Figure 270-14 Schistocytes, canine. 


associated with near drowning in fresh water, erythrocytes 
undergo hypotonic lysis similar to the swelling and lysis of 
erythrocytes in the in mtro osmotic fragility test. Heat stroke 
and severe bums can inflict thermal injury to erythrocytes. 
Heart valve disease, cardiovascular implants, and intravenous 
catheters can induce mechanical damage to erythrocytes as 
much as dirofilariasis, particularly in the form of the caval 
syndrome (see Chapter 206). In addition, other endothelial 
damage caused by vasculitis, hem angiosarcoma and other 
tumors, various splenic diseases or torsion, and liver disease 
can injure erythrocytes (Figure 270-13), A he mo lytic-uremic 
syndrome characterized by acute renal failure, platelet activa¬ 
tion leading to thrombocytopenia and thrombosis, and 
microangiopathic hemolytic anemia has been described in 
dogs. Similarly D1C is associated with a fragmentation hemol¬ 
ysis (see Chapter 274), 

A diagnosis of microangiopathic hemolysis that is often 
subdinical and rarely causes overt intravascular hemolytic 

anemia is made by identifying the triggering condition and 
characterizing schistocytes (schizocyies) (Figure 270-14). These 
are erythrocyte fragments that appear on blood smears as 
small, misshapen, often triangular or helmet-shaped struc¬ 
tures, Schistocytes are important even in small numbers and 

can unlikely be fabricated by poor blood smear preparation. 

On the other hand, schistocytes are observed with a variety of 
other anemias including chronic iron deficiency states and 
zinc intoxication. Concomitantly, thrombocytopenia and 
coagulopathy are often present. Besides supportive care, ther¬ 
apy is directed at the underlying disease and control of DIC. 
Blood component therapy should be considered. The progno¬ 
sis is guarded to poor if the underlying disease cannot he 
corrected. 
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Figure 270-13 Acanthocytes dog with liver disease. 







CHAPTER 
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nemia is a common clinical and laboratory finding that 
in and of itself does not constitute a diagnosis. In other 
words, anemia is a sign of disease, not a disease per se. 
ITie mere coexistence of anemia with another illness does not 
necessarily pinpoint the etiology. The clinical goal is to deter¬ 
mine the pathogenesis in order to deliver the most appropri¬ 
ate therapy and to instigate steps to ameliorate this condition. 
The cause of anemia may be evident from the signalmen!, 
history, vaccination status, travel history, life style, duration 
of signs, drug or toxin exposure, prior or current illnesses, ill¬ 
nesses in housemates or relatives, or physical examination 
(Box 271-1). When a dog or cat is actively bleeding, the pres¬ 
ence of anemia can he anticipated. If the bleeding is chronic, 
iron deficiency can be anticipated. Signs of inflammation 
systemic illness can explain moderate anemia. 1 ' 5 


if the mean red cell count is 7 million and 1% reticulocytes 
is the mean number for that red cell mass, 1 % reticulocytes in 
absolute terms is 70,000 reticulocytes. The reference interval 
for a normal adult dog is approximately 35,000 to 105,000 
reticulocytes per microllter (0.5% to T5% reticulocytes). 

The second step is to correct for the reduced red cell mass 
using red cell numbers or the hemoglobin or the hematocrit. 
Using the hematocrit as an example, the absolute reticulocyte 
number is multiplied by the dog's hematocrit, and the product 
is divided by the mean species hematocrit. 

The third step is to correct for the effect of erythropoietin 
(EPO) on bone marrow reticulocyte release; EPO is inversely 
correlated with the red cell count (or hemoglobin or hematocrit). 
Continuing with the hematocrit example, the lower the hemat¬ 
ocrit, the higher the concentration of EPO (with some excep¬ 
tions, such as renal failure)* EPO has four clinically significant 
effects: (1} it causes uncommitted stem cells to different] ate to 
the erythroid line; (2) it decreases the bone marrow maturation 
time for red cell development; (3) it increases individual red cel) 
hemoglobin synthesis; and (4) it causes premature release of 
reticulocytes from bone marrow to blood. 

The approximate average time for reticulocytes to mature 
in the dog or cat is 4,5 days: 3,5 days in the marrow and 1 day 
(24 hours) in peripheral blood if the hematocrit is appropriate 

(Table 271-1). 

To correct for the effect of EPO on bone marrow reticulo¬ 
cyte release, the examiner converts the reticulocyte percentage 
to absolute values and adjusts for the reduced hematocrit, then 
divides the final figure by the number of days the average retic¬ 
ulocyte lives as a reticulocyte in peripheral blood based on the 
dogs or cat's hematocrit (see Table 271-1). Determine red cell 
production over basal or anticipated numbers (basal numbers 

are anticipated to be 35,000 to 105,000 absolute reticulocytes 
per microliter in a normal adult dog with a reticulocyte refer¬ 
ence interval of 0.5% to 1.5%). 

If a dog s hematocrit is 23% (mean canine normal is 46%) 
and its reticulocyte percentage is 5%, the question is, is there 
an appropriate response to the reduced hematocrit? To deter¬ 
mine the corrected absolute reticulocyte count in this dog, the 
following calculations are made: 

If the reticulocyte count is 5% of a red ceil count of 
3,5 mi I lion/m L (the approximate number of red cells 
per microliter with a hematocrit of 23%), the absolute 
reticulocyte number is approximately 175,000/mL. Thus: 

175,000 x 23% (Dog s hematocrit) 

hematocrit) = 87,500/mL 

The number of reticulocytes per milliliter (87,500) is 
divided by 2 (the average length of time [2 days] a 
reticulocyte circulates in peripheral blood at a hematocrit 
of 23%) to determine the corrected absolute reticulocyte 
number: 


A 


or 


IS THE ANEMIA NONREGENERATIVE 
OR REGENERATIVE? 


There are seven general causes of anemia. Five of these remain 
nonregenerative unless the underlying etiology is successfully 
ameliorated. Two causes, hemolysis and hemorrhage, are non¬ 
regenerative in the acute stages but most often become regen¬ 
erative 3 to 7 days after the onset of the problem. The seven 

general causes are: 

1. Lack of iron 

2. Anemia associated with inflammatory disease 

3. Bone marrow disorders 

4. Erythropoietin-related anemias 

5. Maturation abnormalities [rarely encountered) 

6. Hemolysis 
7 t Hemorrhage 

The initial approach to treatment of the anemic pet is an 
attempt to discern whether the anemia is nonregenerative or 
regenerative. This determination is critical, because a dog or 
cat with regenerative change has either a hemolytic or hem¬ 
orrhagic process and requires specific additional diagnostics 
and forms of therapy. Beyond the minimum database of a 
complete hemogram, urinalysis, and biochemical profile, diag¬ 
nostics and therapeutics often are significantly different for 

the numerous nonregenerative anemias. 

The decision as to whether the animal is responding appro¬ 
priately to anemia treatment requires examination of reticu¬ 
locyte numbers (from a vital stain) or polychroma tophi! 
numbers (from a Romanovs Icy-based stain). The reticulocyte 
count is the only index of effective erythropoiesis. Proper 
of this value requires (Vi conversion to an absolute quantity, 
(2) adjustment for the reduced red cell mass, and (3) correc¬ 
tion for the effect of erythropoietin on marrow reticulocyte 
release. These adjustments result in the determination of 
reticulocyte numbers adjusted for the pet’s red cell mass. 6 

The first step is to convert the reticulocyte percentage into 
an absolute quantity of reticulocytes. In a canine example, 


1 , 


46% (Mean canine 


use 


2 . 


87,500 + 2 = 43,750/mL 

The corrected absolute reticulocyte value in this example 

(43,750/mL) is well within the reference interval observed 
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often have adjusted absolute reticulocyte counts in excess of 

150,000/mL. 
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History* and Physical Examination Co ns iterations 
unth an Anemic Patient 






CLINICAL MANIFESTATIONS OF ANEMIA 


The clinical manifestations of anemia are also common mani¬ 
festations of processes or diseases that primarily affect other 
organ systems, Weakness, fatigue, and pallor are often mani¬ 
festations of anemia of recent onset, such as that caused by 
recent blood loss or acute hemolysis* Anemia that develops 
gradually, particularly in inactive cats or dogs, may cause only 
fatigue or may go unnoticed. Pallor of the conjunctiva or 
mucous membranes may be caused by both anemia and hypo¬ 
volemia. Icterus may obscure pallor* Pain may also result from 
increased bone marrow activity; this may simply be manifested 
by fatigue, unwillingness to move or, in stoic small animals, 
concern with movement or difficulty walking* Lymph adenopathy 
and splenomegaly are common with infectious, inflammatory, 
and hematologic diseases, particularly lymphomas and the 
leukemias. Bleeding occurs as a consequence of vascular, 
platelet, or coagulation factor abnormalities. Thrombosis can be 
either venous or arterial and often results in significant throm¬ 
bocytopenia. Venous thrombosis is often caused by blood flow 
obstructive processes or by imbalances in coagulation factors 
Immune-media ted hemolytic anemia can be an example of 
such a process. Arterial thrombosis is most often caused by 
vascular problems, including vascular trauma thrombocytope¬ 
nia, thrombocytosis or thrombocytopathia, and processes asso¬ 
ciated with infection or neoplasia/ 3 


History 

Previous laboratory tests for comparison 
Duration of signs—recent or long standing 
Family history? 

Previous surgery—problems? 

Drugs—especially consider nonsteroidal 
anti-inflammatory drugs 

Exposure to toxic chemicals resulting in hemolysis or aplasia 
Abdominal signs—hepatosplenomegaly, gastrointestinal 
blood loss or neoplasia, malabsorption 
Urinary signs—polyuria, polydipsia, hematuria 
Blood loss—gastrointestinal or urinary tract 
Miscellaneous—-dietary history; neurologic signs; 
nonspecific discomfort 


v. £» 


v 
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Physical Examination 

Skin and mucous membranes—pallor, jaundice, petechias, 
purpura, bruising 

Cardiovascular—evidence of pulse abnormalities, 
murmurs 

Pulmonary—evidence of dyspnea 
Lymph nodes—enlarged? 

Abdomen—hepatosplenomegaly, ascites, masses 

■ ■_ , l i 4, *" _ _ y. ■ p" ‘ hi . - ’ -* i i_ « •‘■J *■ 

Rectal examination—gastrointestinal blood loss, melena, 

mosses 


or 


LABORATORY EVALUATION 


Laboratory assistance usually is required to determine the cause 
of anemia. The routine but complete hemogram and blood 
smear document the presence, severity, and morphologic nature 
of the anemia (Box 271*2). A complete evaluation includes 
study of marrow production and red blood cell destruction 
and is usually required for accurate classification of the anemia 
into one of the two major categories, regenerative (responsive) 
or nonregenerative (nonfesponsive). In the absence of specific 
clues, anemia initially may be broadly classified as regenerative 
or nonregenerative on the basis of reticulocyte (or polychro¬ 
ma t op hil) numbers (Box 271-3). 

Most anemias are nonregenerative (Box 271-3), This type 
of anemia may be due to (1) an abnormality of the stem cell 
population and bone marrow environment, (2) an abnormality 
in the early modulators of stem cell activity, or (3) a deficiency 
in the late-stage regulators of erythroid proliferation, including 
EPO, cytokines, and iron, 5 

Disorders of marrow stroma and stem cells are relatively 
uncommon, but when they do occur, they often result in 
severe anemia and may represent myelodysplastic syndromes, 
including those variously lumped together as the “prcleukemic 
syndromes." Nonregenerative anemia associated with iron 
depletion caused by inflammation is the most common mild 
anemia in dogs and cats. Anemias that occur secondary to a 
decrease in EPO are also often mild, at least in the early stages 
of the process, because the anemia reflects a physiologic read¬ 
justment of red cell production to fit reduced metabolic need. 
This can even be true in early renal disease. Red blood cell 
morphology and production indices (reticulocyte numbers 
and the mean cell volume, mean cell hemoglobin, and mean 
cell hemoglobin concentration) may be similar for the various 
types of nonregenerative anemia. However, findings on 
marrow morphology (and perhaps iron studies) usually allow 
categorization of the specific abnormality as one ol the three 
types listed previously. 6 


for dogs with appropriate hematocrits. In fact, in this exam¬ 
ple, even without correction for the effect of EPO (without 
correction, the reticulocyte count would have been 
8 7,500/m L), this anemia must be considered nonregenerative. 
A corrected absolute reticulocyte count of less than 
105,000/m L must be considered nonregenerative. Patients with 
hemolysis and hemorrhage that are responding appropriately 




Table - 271-1 




Average Time Required for Reticulocyte Maturation 


DEVELOPMENT IN 
PERIPHERAL 
BLOOD (days) 


DEVELOPMENT IN 
MARROW (days) 




HEMATOCRIT 


Dogs 


10 


3.5 


45 


1*5 


3.0 


35 


2*0 


2.5 


25 


2,5 


1.5 


15 


Aggregate Reticulocytes in the Cat 


1.0 


3.5 


32 


15 


3.0 


24 


2.0 


2.5 


16 


2*5 


1.5 


10 








SECTION XIX * Hematology and Immunology 


1910 




From examination of the marrow alone it can he determined 
that (1) the defect in anemia of rena! disease is not primarily 
related to defects in iron, which distinguishes this disorder 
from anemia of inflammation* and (2) the primary defect is 
not the result of an absolute absence of EPQ If it were, the 
myeloid to erythroid ratio would show a marked increase, 
approaching infinity, as the effect of EPO on the erythroid 
marrow decreases. 

Two primary mechanisms have been advanced to explain 
most cases of normocytic, normochromic anemia with normal 
iron distribution and normal absolute reticulocyte 
associated with renal insufficiency. One mechanism is a defi¬ 
ciency oi EPO, which causes the anemia. The other mecha¬ 
nism is an accumulation of toxins that suppress hemopoiesis. 
The latter mechanism probably accounts for much of the 
anemia, especially in dogs. Of course, if underlying inflamma¬ 
tory renal disease is present, anemia of inflammation may be 
a component, 

EPO is a vital hemopoietic growth factor that not only 
enhances red cell production but also has been shown to 
increase platelet counts in rats and humans with end-stage 
renal failure,* EPO plays an important role in the pathogenesis 
of anemia in the dog and to a lesser degree in the cat. 
A significant increase in the plasma EPO concentration was 
observed in 22 cats and 32 dogs with anemia without renal 
insufficiency or chronic renal failure; however, 37 dogs and 
35 cats with chronic renal failure had a normal or only 
modestly reduced EPO concentration. Cats showed almost 
overlap between the groups, whereas dogs showed significant 
overlap." 3 'Phis suggests that measurement of the plasma EPO 
concentration is more useful for characterization of anemia 
in cats than in dogs, either with or without chronic renal 
disease. 10 It also suggests that successful use of EPO may be a 
target molecule and/or a threshold response, perhaps to “kick 
start" erytlrropoiesis. The effects of EPO in these circumstances 
occur only with even more EPO, an argument for using exoge¬ 
nous EPO clinically. 

As a general rule* the use of commercially available human 
recombinant growth factors for several consecutive weeks in 
dogs and cats results in the development of antibodies. 
Fortunately, it appears that short-term use of these products 
[less than several weeks) does not result in significant antibody 
effect. n The use of any human recombinant hemopoietic 
growth factor, including EPO, is strictly extralabel, because 
these products are not approved for use in the dog or cat. 
Only dogs and cats that have clinical signs related to anemia 
and that are profoundly affected (i.e., a hematocrit below 
25% in the dog and 20% m the cat) should be considered 
for EPO therapy because of the potential for the development 
of antibodies.- 1 * Animals that are hypotensive or that have 
iron deficiency should not be treated until these problems 
have been corrected. The blood pressure and the 
concentration should be checked before and during EPO 
th era p y. 

The current recommended dosage of recombinant human 
EPO is 100 U per kilogram of body weight given subcuta¬ 
neously three times weekly Once the target hematocrit has 
been reached, the frequency should be reduced to twice 
weekly The lowest possible maintenance dosage should be 
used. It is also recommended that iron be given to any dog or 
cat undergoing EPO therapy. If refractory anemia is noted 
despite therapy EPO administration should be suspended and 
the pet evaluated further, at least with a complete hemogram 
and bone marrow examination. If erythrocytic hypoplasia 
exists, the development of antibodies may be the cause, and 
the pet must be supported with blood products and other 
adjunctive therapies, 11 

Older studies have provided convincing evidence that 
implicates uremic toxins (as yet many are implicated but none 
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Box 

Elements of a Complete Hemogram 


Red blood cell count 
Hemoglobin 

Hematocrit (packed cell volume [PCV]) 

Mean cell hemoglobin (MCH) 

Mean cell volume (MCV) 

Mean cell hemoglobin concentration (MCHC) 
Reticulocyte count 

Numbers and type of nucleated red blood cells 

Red cell morphology 

Red cell distribution width (ROW) 

Total plasma protein 
Fibrinogen 
Platelet count 

Mean platelet volume (MPV) 

Platelet distribution width (PDW) 

Platelet morphology 
White blood cell count 
White blood cell differential 
Neutrophils 
Immature neutrophils 
Lymphocytes 
Monocytes 

Eosinophils 

Basophils 

Nonclassifiable cells 
Damaged cells 

Leukocyte scattergram/histogram 
Leukocyte morphology 


cou nts 


no 


HYPOPRGLIFERATIVE ANEMIA 


Erythropoietin-Related Causes 

Renal Insufficiency 

Renal insufficiency, especially chronic and severe renal disease, 
invariably affects the hemopoietic system adversely To provide 
effective treatment, the clinician must have a dear under¬ 
standing of the factors that induce anemia and intensify the 
failure of erythropoiesis. The bone marrow provides impor¬ 
tant dues to the pathogenesis of the anemia of renal failure. 
Given the variety of possible complicating factors, it is not 
surprising that a wide spectrum of abnormalities have been 
reported. Marrow* cellularity has been reported to be normal, 
decreased, and increased. However, most dogs and cats with 
uncomplicated anemia secondary to renal insufficiency have 
appropriate marrow cellularity, with appropriate myeloid to 
erythroid ratios and appropriate erythroid development, 
despite the severe anemia. The argument may be made that 
an appropriate myeloid to erythroid ratio may not in fact be 
appropriate in the anemia of renal insufficiency. Iron distribu¬ 
tion tends to he normal unless some element of anemia of 
inflammation is present, in which 

tributed to the monocyte-macrophage cells. Ferrokinetics 
nearly normal in most small animals with anemia of renal dis¬ 
ease, When these individuals are stressed by hypoxia 
ening anemia as a result of hemorrhage, the bone marrow 
erythron is able to respond in the appropriate direction but 
does so with a suboptimal recovery phase/ 
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Microcytic 

Nansideroblastic—iron deficiency 
Sideroblastic—globin or porphyrin abnormality 
Time related 

Hemolysis—during the first 3 to 5 days at least 
Hemorrhage—during the first 3 to 5 days at least 
Regenerative 
Hemorrhage 

Hemostatic disorders 


Non regenerative 
Hypo pro! i fe rati ve a ne m i a 

Erythropoietin-related condition 
Renal disease 
Hypothyroidism 
Hy poa d ren ocortidsm 
Po n h y popitu it a ri s m 
Decreased growth hormone 
Reduced oxygen requirements 
Increased oxygen release 
lack of iron 
Inflammation 
Chronic bleeding 
Iron deficiency 
Marrow disorders 

External toxin—aplasia 
Mydophtbistio disease 

Myelofibrosis 

Myelodyplasia 

Intrinsic marrow disease 

Hypere strog en i sm—iatrogeriie, neopla st i c 

Infection 

Immunotherapy 

Pure red cell aplasia 
Ineffective erythropoiesis 
Macrocytic (unusual) 

Intrinsic marrow disease 
Vitamin B 12 deficiency 
Folate deficiency 
Normocytic 

Stromal disease (myelofibrosis) 

Intrinsic erythroid disease 


Coagulation disorders 

Platelet disorders—both quantitative and qualitative 

Vascular disorders 

Neoplastic disease 

Splenic disease or trauma 

Trauma or surgery 


Hemolysis 

Excessive phagocytosis by the mononuclear phagocytic 


system 

Immune mediated 
Heinz body anemias 

Membrane (adenosine triphosphate) disorders 
Fragmentation 

Intravascular coagulation 

Vasculitis 

• u ■ i a » ■ M • • • • m mm » • ■< • ■ * • • % a ■ « ♦ * • • 

l ntra vascu lar h emolysi s 

Immune mediated, including complement mediated 
Exotoxin induced 

Intrinsic \ntraerthrocytic enzyme deficiency 
Drugs 

Water 

Heat 


Modified from Hillman RS, Finch CAi Red Cell Manual 5th ed. Philadelphia, FA Davis, 1985, p 56. 


gastrointestinal ulcers, increased hemorrhagic tendency due to 
reduced platelet Function, suppression of erythropoiesis by 
high concentrations of parathyroid hormone, reduced nutrient 
intake due to inappetence, and injury of red cells due to 
glomerular pathology and renal fibrosis. 2 


specified] in the genesis of anemia of renal insufficiency. 
These investigators reasoned that because several studies in 
humans with anemia of renal insufficiency had indicated that 
the plasma EPO concentrations were within the reference 
interval or modestly above or below it, all are inappropriate 
for the degree of anemia. However, it seemed unlikely that 
anemia of renal insufficiency could be explained in toto by 
EPO deficiency, therefore it must he due to retention of some 
materials that inhibit EPO or its effects. When continuous 
peritoneal dialysis was used in human patients with end-stage 
renal disease, half the patients showed full correction ol the 
anemia* The researchers concluded that anemia of renal insuf¬ 
ficiency can be corrected by dialysis alone in patients in whom 
sufficient renal endocrine function remains to mount a 
modest EPO response. Another conclusion was that, because 
EPO plays a pivotal role in erythropoiesis, if the endocrine 
function of the kidney has been destroyed by the same disease 
that impairs excretory function, the clearance of uremic toxins 
by dialysis will not reverse the suppression of the erythron. 

Certainly other factors, if investigated, can help the clini¬ 
cian define etiologies and develop appropriate therapeutic 
strategies. These factors, which have been suggested to con¬ 
tribute to anemia of renal insufficiency, include reduced half- 
life of red cells due to uremic toxins, hemorrhagic loss from 


! 2 




Anemia Secondary to Endocrine or Metabolic Disorders 
Endocrine disorders involving the thyroid and the pituitary- 
adrenal axis can cause hypoproliferatjve anemias. Hypo¬ 
thyroidism impairs erythrocyte production in humans and 
dogs. The anemia is usually mild and may be either normo¬ 
cytic or slightly macrocytic* Other clinical signs are related to 
the underlying thyroid disorder, and the anemia remits when 
the thyroid status is corrected.This is an interesting anemia in 
physiologic terms, because in a sense it is not an anemia at all. 
It represents an inappropriate response on the part of the 
kidney (i.e., EPO production) and bone marrow to decreased 
tissue oxygen consumption in the hypothyroid patient. The 
anemia is slow to develop and slow to remit; 3 to A months 
may be required from the onset of replacement therapy 
before the red cell mass returns toward or to normal Other 
deficiencies of necessary nutrient materials (e.g., cobaiamin 

or folic acid deficiency) may result from immune-mediated 

although this has not been addressed 
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thyroid disease 
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specifically in veterinary medicine. Prealbumin, an alpha 2 ~ 

globulin produced in the liver and a transport protein for 
thyroxine, has been measured in dogs with hypothyroidism. In 
horses, the prealbumin concentration negatively correlates 
with albumin. Prealbumin increases with infectious, immune, 
and neoplastic etiologies, which suggests that the mild 
associated with canine hypothyroidism may have a component 
of anemia of inflamm ation. 1 ^ 18 

Other endocrine disorders that might be associated with 
mild anemia are hypopituitarism, hypoadrenocorticism, and 
decreased growth hormone. 18 A mild anemia recognized in 
late pregnancy is the result of an increase in the plasma volume. 
The red cell mass remains appropriate. 


percentage iron saturation, and the number of membrane 
receptors. 7 * 23 Copper also plays an important part in the trans¬ 
portation of iron across cell membranes. Most circulating 
copper is found attached to the serum glycoprotein cerulo¬ 
plasmin, which provides ferroxidase activity and may be 
needed to deliver iron into the circulation. When pigs are 
copper deficient, they have hypocemloplasminemia and show 
signs of functional iron deficiency, presumably as the result of 
an inability to mobilize iron from the mononuclear phago¬ 
cytic system and the gastrointestinal tract. 7 - 24 

Examination of the complete hemogram may be useful for 
evaluating iron adequacy. In severe iron deficiency, hemoglobin 
production is slowed and nucleated red cells continue 
divide, resulting in the release into the circulation of late-stage 
nucleated red cells and adult red cells with marked central 
pallor. The red cell indices, the mean corpuscular volume 
(M CV), mean corpuscul ar hemoglobin concentration (MCHC), 
and mean corpuscular hemoglobin (MCH), are variably low¬ 
ered in late-stage iron deficiency, with lowering of the MCH 
often preceding the other indices. It should be noted that 
deficiency of copper and pyridoxine, which also are needed 
for hemoglobin synthesis, can lower these indices. 

The concentrations of serum iron and transferrin {the total 
iron binding capacity 

is saturated) are us 

iron adequacy. Use of non-iron-containing anticoagulants 
(ethylenedi amine tetra-acetic acid [EDTA] is satisfactory), 
disposable plastic pipettes, test tubes, and test tube stoppers 
prevents contamination of patient blood with iron or zinc 
Serum iron declines with iron deficiency, acute-phase inflam¬ 
matory reactions, hypoproteinemia, hypothyrojdism, renal 
disease, and chronic inflammatory states. The 
centration should not be used as a predictor of iron stores. The 
transferrin concentration is stable or may increase with 
primary nutritional iron deficiency and remains stable or 
decreases with inflammatory processes. The unbound iron 
binding capacity (UIBC) estimates the saturation of transfer¬ 
rin, and its determination is of little clinical 


anemia 


to 


Causes Related to Lack of Iron 

Anemia Due to Iron Abnormalities 

Iron-deficient erythropoiesis occurs secondary to body iron 
depletion or inflammation. In young, nursing animals suffering 
from any type of blood loss (including parasitism or repeated 
phlebotomy), iron depletion occurs rapidly, because iron 
stores are insignificant and the mother's milk does not contain 
adequate iron. In older animals with iron-deficient erythro¬ 
poiesis, gastrointestinal or urinary tract hemorrhage, often 
occult and chronic, should be suspected. Among the clinical 
considerations would be ulceration, parasitism, neoplasia, and 
hemostatic disorders. 


[TIBC] 

eful ana 


when the transferrin molecule 
alytes in the determination of 


Most natural iron exists in a largely unavailable (to biologic 
systems), oxidized, insoluble, ferric (Fe 3 *) form. Free iron can 
catalyze the formation of free radicals that damage cell 
branes and deoxyribonucleic acid (DNA). Intracellular iron, 
therefore, is bound to various proteins to reduce its toxicity. 
These proteins are responsible for the absorption, transport, 
storage, and biologic activity of iron. 

Any clinical study of iron metabolism must, of necessity, 
study the physiologic compounds associated with it. Iron exists 
in the following comparrinents: hemoglobin; storage, in the 
form of hemosiderin and ferritin; myoglobin; labile iron; tissue 
iron; and transport. 7 These compartments 
anatomic distribution, chemical characteristics, and function. 19 

Most iron in animals exists in red ceils as hemoglobin iron. 
Each hemoglobin molecule contains four iron atoms, and each 
milliliter of red cells contains 1.1 mg of iron. The exact amount 
of total body iron depends on the red cell mass, blood volume, 
and body weight. 20 Storage iron exists as either a soluble, 
mobile fraction (ferritin) or as an insoluble, aggregated form 
(hemosiderin). As iron storage increases, more iron is stored as 
hemosiderin. Hemosiderin is mostly formed by lysosomal 
action on ferritin. In tissues it is readily recognized by the 
Prussian blue reaction. Ferritin consists of protein (apofer- 
ritin) and iron. Once iron is in the apoferritin shell, it must be 
oxidized to the ferric form, hydrolyzed, and polymerized to 
the ferric oxyhydroxide polymer Reversal of the 


mem- 


serum iron con- 


defined by 


are 


use. 

Determination of the bone marrow iron concentration 
with Prussian blue stain occasionally is useful. Under appro¬ 
priate circumstances, stainable iron is evident, whereas with 
iron-deficient processes, it is not evident. 7 * 19 Analysis of serum 
ferritin using species-specific, antibody-driven reactions has 

proven useful for determining nonheme iron stores in domes¬ 
tic animals, as well as increases after iron therapy. Ferritin, 
acute-phase inflammatory protein, can increase during inflam¬ 
matory reactions when interleukin -1 (IL-1) is produced. Serum 
ferritin can also be increased in hepatic disease, hemolysis, and 
some neoplastic disorders, 22 * 24 Body iron stores can be mea¬ 
sured directly by measurement of the iron concentration in 


an 


25 


various organs. 


process 

allows iron to exit ferritin. The molecular shape and therefore 

the immunogenieity of ferritin is both species and tissue 
specific . 2122 

Myoglobin iron is found mostly in muscle, where it 
temporarily provide oxygen during anaerobic conditions. The 
labile iron pool may be an intermediate between plasma, 
storage, and hemoglobin. The tissue iron compartment 
sists of heme-containing compounds similar to hemoglobin 
(e.g., myoglobin and the cytochromes), non-heme-containing 
enzymes (e.g., iron sulfur compounds and metalloflavo- 
proteins), enzymes that require iron or heme as a cofactor, and 
enzymes that contain iron in an 
deotide reductase). 

The transport compartment consists of plasma transferrin. 
The transfer of iron to erythroid cells requires internalization 
of the iron-laden transferrin molecule. The amount of iron 
delivered depends on the plasma iron concentration, the 


A nentia of Ittflarnmatory Disease 

Anemia of inflammatory disease (AID) is a mild, normocytic, 
normochromic, nonregenerative anemia associated with acute 
or chronic inflammatory processes, including trauma, infec¬ 
tion, immune processes, and focal or disseminated neoplastic 
disease. It is the most common anemia found in small animals 
and is probably the most common anemia in veterinary 
medicine. This anemia appears within several days to a week. 
Clinically, it is an iron-deficient process; however, although 
the cause is mujtifactorial, iron sequestration in the mononu¬ 
clear phagocytic system is the physiologic basis. 26 - 30 

The pathogenesis is mediated by cytokines produced during 
inflammation and results from iron sequestration (relative 
unavailability), a decline in red cell survival, and decreased 
erythropoietic response.Reduced iron availability appears 
to be a physiologic metabolic response, an attempt to deprive 
infectious organisms of iron essential to metabolism. 
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disease, lymphoma, has been studied in dogs. 35 Dogs with 
lymphoma had appropriate concentrations of iron, transferrin, 

and EPO, findings contrary to those associated with AID.* 6 
Parameters that differentiate anemia of inflammation from 
iron deficiency and hemolysis are presented in Table 271-2. 
Therapy of this mild anemia involves amelioration of the 
underlying disorder, given the realization that AID contributes 
to and potentially complicates any anemic process accompa¬ 
nied by inflammation. Administration of iron is of no value. 
Administration of EPO may increase the red cell mass, but the 
overall response may be inappropriate or inadequate, 30 


Ape lactoferrin (iron-free lactoferrin), found in milk, mucosal 
secretions, and polymorphonuclear leukocytes (neutrophils), 
chelates and binds large amounts of iron, especially at the 
low pH concentrations associated with inflammation. Both 
the synthesis and release of apolactoferrin are increased pri¬ 
marily by IL-1 and tumor necrosis factor alpha. Macrophages 
express increased lactoferrin receptors on their surfaces; this 
allows them to internalize lactoferrin-bound iron, which is 
transferred to ferritin. Neutrophils release apolactoferrin at 
sites of infection, which helps in iron chelation. Lactoferrin is 
also intrinsically bacteriocidal. 30 This results in diversion of 

from fast-release (ferritin storage) to slow-release 
(hemosiderin storage) pathways. Intestinal epithelial cells and 
hepatocytes are also affected and contribute to the relative 
iron deficiency. Iron absorption from the gastrointestinal tract 
is reduced as a result of decreased transferrin synthesis during 
the acute-phase reaction. 

Experimental studies in cats suggest that red cell survival 
may be a predominant factor in the early stage of AID, 
Macrophages activated by the inflammatory process are more 
efficient in clearing senescent red cells and those coated with 
immunoglobulins. 29 - 32 Although not all AID patients are 
febrile, fever per se has been implicated in decreased red cell 

survival . 27 

The defects in erythropoiesis in AID have been enumerated: 
inappropriately low EPO production, diminished marrow 

and iron-limited erythropoiesis. The appropriate 
relationship between the EPO concentration and the 
degree of anemia is lost in AID, 33 IL-1 -alpha, IL-1-beta, and 
tumor necrosis factor all inhibited hypoxia-induced EPO 
secretion in uim? r suggesting an important role for cytokines in 
the pathogenesis of AID, 34 EPO concentrations in cats with 
experimentally induced AID were found to be slightly 
increased but somewhat low for the degree of anemia, which 
also suggests that EPO production may be a contributor to 
this process. 27 Tumor necrosis factor has been demonstrated to 
suppress erythropoiesis in laboratory animals and to prohibit 
the development of erythroid precursors. In contrast, a heat- 
stable serum factor that could not be neutralized by antibody 
to tumor necrosis factor or gamma interferon has been shown 
to render normal T cells suppressive to autologous colony¬ 
forming units-erythroid (CFU-E). 

AID is an anticipated complication of all focal or systemic 
inflammatory processes, contributing to the development of 
anemia due to the underlying process. Certainly the overall 
well being of an animal has to be influenced by the develop¬ 
ment and consequences of anemia. Numerous disease states 

result in human AID. Although many of the diseases 
have not been specifically studied in veterinary medicine, one 


iron 


NONPROLIFERATIVE ANEMIA 


Anemia Associated with Marrow Disorders 

Bone marrow suppression and/or toxicity is a widely recog¬ 
nized negative side effect of antineoplastic agents. This effect 
is often predictable, dose related, generally reversible, and 
observed with a high incidence because these drugs are given 
at or near maximum tolerated dosages 37 Most anti neoplastic 
drug groups, including alkylating agents (now rarely used), 
anti metabolites, antineoplastic antibiotics, and naturally 
occurring compounds (e.g., vincristine, vinblastine), as well as 
other drugs, including cisplatin, carboplatin, dacarbazine, 
procarbazine, and hydroxyurea, have been known to cause 
hone marrow toxicity, 36 as can radiotherapy. 

p 

Pure Red Cell Aplasia 

Pure red cell aplasia (PRCA) usually is an acquired disorder 
The anemia is often severe, resulting in hematocrits in dogs 
and cats of less than 20%, with absolute reticulocytopenia and 
virtually absent marrow precursors. Manow myeloid and 
megakaryocytic elements appear to be preserved, and the 
peripheral white cell and platelet counts are appropriate. This 
condition can be caused by feline leukemia virus (FeLV) or by 
direct suppression of the stem cells identified as burst-forming 
units-erythroid (BFU-E), or it may be immune mediated in 
dogs. In dogs, antibodies may be specifically directed at epitopes 
the immature erythroid cells. In dogs and occasionally 
in cats, spherocytes and stomatocytes may be observed in 
peripheral blood, and the direct or indirect antiglobulin 
(Coombs") test result may be positive . 229 

Aplasia Anemia (Aplastic Pancytopenia) 

Aplastic pancytopenia in several species can occur secondary 
to increased endogenous blood estrogen concentrations. The 
effects appear to be most severe in ferrets and dogs. Bone 
marrow panhypoplasia and pancytopenia are often preceded 
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Table 271-2 




Differentiation of Iron Deficiency, Anemia of Inflammation, and Hemolysis 


HEMOLYSIS 


ANEMIA OF INFLAMMATION 


IRON DEFICIENCY 


ANALYTE 


Normocytic, normochromic 

increased 

Decreased 

Normal to increased 

Normal to increased 

Variable 


Normocytic, normochromic 
Normal to reduced 
Normal to reduced 
Normal to increased 
Normal to increased 
Normal 


Microcytic, hypochromic 

Reduced 

Increased 

Reduced 

Decreased 

Increased 


Red cell indices 
Serum iron 
Transferrin (TIBC)* 
Morrow iron stores 
Ferritin 

Platelet co u nt 


Modified from Waner T et al: Anemia of inflammatory disease. In Feldman BF, Zinkl JG, Jain NC (eds): Schalm’s Veterinary Hematology, 
5th ed. Baltimore, Lippincott Williams & Wilkins, 2000, p 205. 

*77BC, Total iron binding capacity; for clinical purposes, this is the transferrin concentration. 
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by myeloid hyperplasia and leukocytosis for several weeks. 
Multiple mechanisms have been incriminated, including 
reduction of hemopoietic stem ceil numbers, inhibition of 
stem cell differentiation, and decreased response to EPO. 3740 
Another mechanism is iatrogenic overdose of exogenous 
estrogenic compounds, especially estradiol cyclopentylpropri* 
onate, intended to prevent pregnancy or to treat prostatic 
hyperplasia. All types of testicular neoplasia in male dogs and 
granulosa cell tumors in female dogs can be associated with 
hyperestrogenism and pancytopenia. At least 10% of male 
dogs with testicular neoplasia, predominantly those with 
Sertoli cell neoplasia, have pancytopenia, and approximately 
90% of those do not recover. 3 * 40 

Azidothymidine (AZT), 


Myelofibrosis 

Myelofibrosis may accompany or precede neoplastic diseases 
or may occur subsequent to chronically stimulated erythro- 
poiesis in pets with severe hemolytic anemia (e.g., congenital 
red cell pyruvate kinase deficiency). Aspiration of marrow in 
these instances is difficult or impossible, and the diagnosis iz 
based on bone marrow biopsy evaluation, 39 * 42-45 Idiopathic 
myelofibrosis 0M) i.e., agnogenic myeloid metaplasia with 
myelofibrosis) is a clonal hemopoietic stem cell disorder that 
predominantly affects the megakaryocyte lineage in the bone 
marrow. It is characterized by splenomegaly, extramedullary 
hemopoiesis, and bone marrow fibrosis. The fibrosis is caused 
by deposition of abnormal collagen by polyclonal fibroblasts, 
which in turn are stimulated by growth factors (e.g., trans¬ 
forming growth factor beta) secreted by adjacent megakary¬ 
ocytes. IM often is difficult to recognize as a distinct clinical 
entity, because many conditions can cause marrow fibrosis, 
and myeloproliferative disorders can terminate in a fibre tic 
phase. The term myeloid metaplasia often refers to an earlier 
phase of IM in which fibrosis is less prominent and 
extramedullary hemopoiesis in the spleen and liver is evident 46 
Various histiocytic neoplastic processes must also be consid¬ 
ered. Many of these processes may be best distinguished by 
i mmunopheno typing. 

Most patients with IM have significant anemia, and some 
have thrombocytosis. Signs associated with 
common. The extramedullary hemopoiesis in the liver and 
spleen often causes notable organomegaly. Peripheral blood 
left shifts in the erythroid, myeloid, and megakaryocytic 
(megathrombocyte) lines (i.e., leukoerythroblastosis) 
typical features of the complete hemogram. Bone 
aspiration often is difficult, and biopsy demonstrates extensive 
fibrosis and osteosd erosis. 45 - 46 No effective therapy exists for 
this process except bone marrow transplantation. 46 

Myelodysplasia 

Myelodysplasia (myelodysplastic syndromes fMDSs]) is a 
heterogeneous group of hemopoietic stem cell disorders 
characterized by cytologic dysplasia in the blood and bone 
marrow and by various combinations of anemia, neutropenia, 
and thrombocytopenia. MDS may be associated with refrac¬ 
tory anemia (RA) or with refractory anemia with an 
number of blast cells (RAEB) either in the peripheral blood 
or, primarily, in the bone marrow. A variety of terms besides 
myelodysplasia, including preleukemia, smoldering or subacute 
leukemia , dysmyelopoietic syndrome, and dyserythropoiesis have 
been used to describe MDS. These disorders are best consid¬ 
ered a form of chronic or smoldering leukemia; they have 
monoclonal population of hemopoietic cells, usually involving 
multiple lineages, and generally are accompanied by suppres¬ 
sion of appropriate bone marrow hemopoiesis. Unfortunately, 
diagnostic capabilities and nomenclature are not yet adequate 
to discriminate consistently among clinically distinct subsets. 
Increased use of cytogenetic analysis and the development 
of elonaJity techniques may be useful for diagnosis and for 
providing insight into disease pathogenesis, patterns of respon¬ 
sive n ess to growth factors, and the possibility of differentiation- 
inducing agents. 47 

In dogs, the conditions may be primary, resulting from 
genetic transformation in a m ultipoten tial stem cell, or 
secondary and associated with administration of a drug. The 
primary conditions are unlikely to respond satisfactorily to 
hemopoietic cytokines acting as maturation factors. 2 4B 

Hemopoietic Neoplasia 

Neoplasia of hemopoietic tissue is characterized by replace¬ 
ment of normal tissue with an abnormal clonal proliferation 
of cells. Often, but not always, a concomitant increase in 
neoplastic cells in peripheral blood is seen, The neoplastic 


is 


dideoxynucleoside derivative 

reverse transcriptase inhibitor used in the treatment of feline 
immunodeficiency viremia (FIV) or FeLV, causes transient or 
progressive anemia after several weeks of therapy; this 
is thought to be the result of bone marrow suppression and/or 
Heinz body-induced hemolysis. 41 The immunosuppressive 
agent cyclophosphamide is known to cause bone marrow 

suppression in dogs. Azathioprine, a thioguanine-derivative 

immunosuppressive agent, has been associated with induced 
anemia and hypocellular bone marrow in dogs, with recovery 
after drug withdrawal. Possible incorporation of the drug into 
bone marrow progenitor cells is thought to cause bone 

marrow failure. 38 Other drugs, including meclofenamic acid, 
phenylbutazone, quinidine, trimethoprim-sulfadiazine, and 
fenbendazole, have been incriminated in bone marrow aplasia 
in dogs. Chloramphenicol appears to cause mild, reversible, 
nonregenerative anemia in dogs. 38 - 40 

Infectious agents other than retroviruses can cause aplastic 
pancytopenia (see Anemia Associated with Infectious 
Etiologies, below). Among these are parvovirus, Ehrlichia sp. 
and bacteria) endotoxins. Aflatoxin B toxicity has been 
reported to cause aplastic pancytopenia in the dog ( among 
many other species). Idiopathic aplasia has also been reported 
in many species, including dogs and cats. Cell-mediated cyto¬ 
toxicity, marrow stromal defects, overproduction of inhibitory 
hemopoietic cytokines, deficiency in stem cell factor, and 
genetic mutation all have been proposed as causes of the 
human form of this process. 
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Myeloph thistic Disease 

The term myelophthisis denotes a situation in which bone 
marrow has been replaced by nonmarrow elements. Common 
invaders of the bone marrow are leukemic or other tumor cells, 
infectious granulomas, fibrous tissue, and lipid storage cells. 
Although conceptually it is thought that the anemia resulting 
from this process is due to simple mechanical replacement 
of the bone marrow, the pathophysiology probably is more 

complex. For example, the anemia may result from competi¬ 
tion between hemopoietic ceils and invading cells for essential 
nutrients. Some evidence suggests that metastatic tumor 
lesions may secrete substances (he., cytokines) that block 
inhibit hemopoietic cytokines, affecting the surrounding cells. 
In this regard, it is interesting to note that some of the same 
peripheral blood alterations observed in animals with 
metastatic bone marrow disease are observed in animals with 
metastatic neoplasia without bone marrow involvement. 

Typical clinical features of myelophthisis include (1) 
mocytic, normochromic anemia with reticulocytopenia; 
(2) 1 eukoerythroblastic reaction, in which the white cell count 
is increased and many immature white cells are present, as are 
many nucleated red cells; (3) marked anisocytosis and poik- 
ilocytosis of red cells, including dacrocytes or teardrop-shaped 
red cells; and [A] a low-normal or increased platelet count with 
the presence of immature and sometimes bizarre mega throm¬ 
bocytes. The ultimate diagnosis depends on demonstration of 
inappropriate invading cells in a bone marrow core biopsy. 39 
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bone marrow stromal cells. Most bacterial or viral infections 
are indirect causes of mild anemia; AID is often the anemic 

etiology. 55 

FeLV may cause anemia by direct or indirect methods. By 
predisposing cats to other opportunistic diseases, FeLV infec¬ 
tion may induce AID. Pure red cell aplasia or aplastic pancy¬ 
topenia can be produced with experimental FeLV infection. 
The anemia of FeLV can be hemolytic through infectious 
organisms such as Mycoplasma hemofelis, other forms of 
immune-mediated hemolytic anemia, MPDs, or myelofibrosis. 
In FeLV-positive cats that have macrocytic, normochromic 
anemia, megaloblastoid rubricytes are seen, perhaps as a result 
of myelodysplasia related to folate or vitamin S ]2 deficiency 5Si 545 
FeLV frequently produces severe selective suppression of 
erythropoiesis (nonregenerative anemia) and thrombocyto- 
poiesis but may cause aplastic pancytopenia. 

Cats infected with FIV may develop chronic debilitating 
disorders ranging from opportunistic infections to neoplasia. 
Approximately 18% to 36% of FTV-positive cats have anemia 
and may also have neutropenia, lymphopenia or lymphocyto¬ 
sis, monocytosis, and thrombocytopenia. The exact patho¬ 
genesis of die FIV anemia is not known. In contrast to FeLV, 
FIV infects megakaryocytes and bone marrow accessory cells 
but not erythroid and myeloid precursors. 

Infectious etiologies for aplastic pancytopenia, other than 
FeLV and FIV, have been associated with parvoviral infection, 
ehrlichiosis, babesiosis, M. hemofelis infection, and endotox- 
emia. Parvo viral infection in both dogs and cats causes acute 
aplastic pancytopenia as a result of viral proliferation in pro¬ 
genitor and proliferative cells in the bone marrow, although 
marrow injury secondary to endotoxemia or septicemia cannot 
be ruled out. The bone marrow is characterized by severe 
degenerative changes in the developing hemopoietic cells, 
necrosis, and an increased number of phagocytic macrophages. 
Hematologic recovery usually is rapid if the pet survives the 
acute stages of the disease. 60 Ehrlichiosis (caused by Ehrlichia 
canis , Ehrlichia euringii, or Ehrlichia equi) may cause a hyper- 
cellular bone marrow initially, but in the chronic phase, the 
bone marrow is characterized by pancytopenia and hypoplasia, 
except with plasmacytosis. Occasionally Babesia spp. 
cause nonregenerative anemia. M, hemofelis infection is also 
sometimes associated with nonregenerative anemia, which 
attests to the possibility that 
immunosuppressed or debili ti ated. 

Cytopenias occur in the blood of dogs and cats with acute 
and chronic ehrlichiosis. In the acute form, the bone marrow 
is hypercellular, which suggests that the peripheral cytopenias 
the result of cell destruction. In the chronic form, the 
marrow is acellular and is consistent with a diagnosis of aplastic 
pancytopenia. 

Diagnosis of aplasia includes a complete history, with ques¬ 
tions pertaining to drug exposure, chemicals, and infectious 
agents; a complete hemogram with blood smear evaluation, 
bone marrow aspiration, and consideration of bone marrow 
core biopsy. The core biopsy may be most helpful for assessing 
ceUularity and architecture. Particular attention should be 
paid to potential drug or chemical exposure 2 to 3 weeks prior 
to examination. Anemia is initially mild but becomes progres- 

time. Leukopenia (neutropenia) and thrombocy¬ 
topenia may accompany the anemia, with clinical signs of 
fever and sepsis (neutropenia) and hemorrhage in the form of 
petechiae, purpura, and ecchymoses (thrombocytopenia). 
Some residual production may he seen with the neutropenia 
and thrombocytopenia, and this appears to be sufficient to 
permit development of anemia over weeks or months. 3 60 

Treatment with prophylactic antimicrobial drugs is the only 
therapy that addresses the severe neutropenia with sepsis, 
which is most often evident when the neutrophil cell count is 
below 500/mL, It is difficult to address thrombocytopenia 


cells also commonly infiltrate other hemopoietic and lym¬ 
phoid tissues, such as the liver, spleen, and lymph nodes. 2 
Recent advances in the application of newer techniques have 
improved the accuracy of classification. These advances 
include immunophenotyping for clusters of differentiation 
(CD) antigens and cytogenetics. Immunophenotyping uses 
specific monoclonal antibodies to differentiate antigens. 
Bow cytometry has provided a powerful tool for analysis of 
immunophenotyped cells and is becoming an essential 
component in the study of leukemias. It complements mor¬ 
phologic studies and cytochemical staining. 40 A fundamental 
feature of leukemic cells is their monoclonality, which implies 
derivation from a single stem cell that has become neoplastic. 
Clonal marker systems are used to investigate not only the 
presence of donality, but also the stage of hemopoietic cell 
development at which the neoplastic cells originate. 2 - 49 - 52 

It is important to understand the multistep progression from 
normal cells to neoplastic cells. 52 Now that the molecular 
mechanisms that regulate normal cell growth are becoming 
clear, it has also become dear that failure of one or more of 
these fundamental steps leads to malignant transformation. 
Cell proliferation and differentiation are regulated by proteins 
encoded by proto-oncogenes (growth promoting) and tumor 
suppressor genes (growth suppressing). It is now recognized 
that oncogenesis involves specific molecular events that result 
in genetic alterations in these two gene classes, with subse¬ 
quent dysregu 1 ation of cell growth. A number of mechanisms 
can cause genetic abnormalities. Although the exact origin 
of these abnormalities is unknown, several environmental 
inciting factors have been recognized, including irradiation, 
chemical agents, and retroviral infection. 52 

In dogs and cats, acute and chronic myeloproliferative 
disorders (MPDs) are less frequently reported than lympho- 
proHferative disorders (LPDs). No breed or sex predilection 
has been identified for animals with nonlymphoid leukemia. 
The origin of MPDs in dogs is unknown, although environ¬ 
mental, viral, and genetic causes have been postulated. In 
contrast, MPDs in cats have been associated with FeLV and 
FIV infection. 53 

The diagnostic approach should be systematic and should 
be completed before initiation of any chemotherapy. The 
history may provide clues to help differentiate between acute 
and chronic hemopoietic neoplasia. General clinical signs of 
hemopoietic neoplasia include nonspecific bone pain, fever, 
lethargy, in appetence, vomiting, and diarrhea. The physical 
examination often reveals organomegaly involving the liver, 
spleen, or lymph nodes, and lung and central nervous system 
involvement can occur. Specific signs of hemopoietic neopla¬ 
sia are often associated with involvement of particular cells, 
such as hypoxia with red cell involvement, sepsis with neu¬ 
trophil involvement, and petechial, purpuric, and ecchymotic 
bleeding with platelet involvement. 

Chemotherapy in veterinary medicine can offer prolongation 
of life and improvement in the quality of life, but it is often 
palliative and rarely curative. Many myelosuppressive agents 
may cause profound cytopenias, with neutropenia and throm¬ 
bocytopenia being common. Supportive care includes nursing 

for comfort, administration of fluids and electrolytes to 
maintain adequate hydration and electrolyte balance, broad- 
spectrum antimicrobial therapy, and administration of blood 
products to meet specific needs. Nutritional care is essential 
and should be definitively addressed. 53 54 

Anemia Associated with Infectious Etiologies 

Infectious agents, their products, or the response to the agent 
may cause anemia by damaging red cells and causing hemolysis; 
by causing developmental erythroid hypoplasia through 
direct damage to die erythroid precursors or the marrow 
microenvironment; or by damaging hemopoietic or supportive 
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clinically without sufficient units of platelet-rich pi 
Developing anemia is treated with packed red cells, prefer¬ 
ably, or with whole blood if packed red cells are not available. 
Immunosuppressive therapy and anabolic steroids are probably 
not indicated or useful. The use of recombinant hemopoietic 

growth factor and bone marrow transplantation should be 
considered^ 2 


Clinical assessment requires a simple dietary history and 
inquiries about gastrointestinal disease or surgery any prior 
hematologic disease, and the animal's drug history. Laboratory 
assessment involves determination of the serum vitamin B r 
and folic acid concentrations. Radioimmunoassay (RIA) yields 
the fewest false-positive or false-negative effects. An increased 
concentration of vitamin B l2 with RIA may be seen with 
marked leukocytosis and active hut nonspecific hepatic dis¬ 
ease. Examination of the gastrointestinal tract by ultrasonog¬ 
raphy and with endoscopic biopsy is recommended.^ ^ 

Anemia Associated urith Feline Leukemia Virus Infection 
Most cats that have anemia and FeLV infection have 
cytosis and resultant anisocytosis. Some FeLV-positive 
have an appropriate MCV but increased a nisocytosi s, perhaps 
reflecting a minor subpop illation of macrocytic red cells. The 
macrocytosis does not correlate with reticulocytosis or other 
evidence of red cell regenerative response. Macrocytosis is 
most prominent in cats that have anemia, including both 
regenerative and nonregenerative anemia. However, 
than 50% of non anemic cats infected with FeLV have 
macrocytosis. It has been suggested that macrocytosis could 
reflect a period of intense erythropoiesis before conversion to 
hypoproliferativc anemia, but the cause is as yet unknown. In 
a study of cats with experimental FeLV-induced anemia, the 
macrocytic changes were not as significant as noted in the nat¬ 
urally occurring disease, and no period of reticulocytosis 
detected over the course of the disease. 1 Macrocytosis has 
been reported in erythroid aplasia in cats and in myelodyspla- 
in dogs. No response to vitamin B l2 therapy 

detected. ®- ti7 
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INEFFECTIVE ERYTHROPOIESIS 


Macrocytosis and Macrocytic, 

Normochromic Anemia 

An MCV above the reference interval is considered macro¬ 
cytosis, Macrocytosis can be present without 
Examination of peripheral blood reveals prominent 
cytes and poikilocytes. Hy pe rse geni ented neutrophils with 
more than five lobes are often observed, and modest decreases 
in both the leukocyte and platelet counts may be 
Sometimes the morphologic changes in peripheral blood 
sufficiently characteristic to make 
unnecessary in the initial diagnostic w T orkup. 

With the erythroid-regenerative response in the dog and 
cat (Le., sufficient reticulocytosis), the size and number of 
reticulocytes are usually proportional to the degree of 

thropoietic stimulation. Macroreticulocytes 
under conditions of intense erythropoietic stimulation and 
become macrocytic red cells as the cells mature. 

Greyhounds have higher reference values for the hemat¬ 
ocrit, hemoglobin concentration, red cell concentration, and 
MCV Greyhound red cells have a shorter life span (53,6 ± 6.5 

days) compared with other dog breeds (104.3 ± 2.2 days}, 

which could account for the macrocytosis, Macrocytosis is 

a familial condition in some poodles, especially the small and 
toy breeds. The MCV is markedly increased over reference 
values, and there is notable nuclear-cytoplasmic asynchrony. 
Megaloblastic changes and nuclear fragmentation are noted 
among red cell precursors, and some of the nuclear fragments 
are retained in the adult cells. Hypersegmentation is seen in 
adult neutrophils. Although these morphologic changes are 
also described in vitamin B )2 deficiency, the exact nature of 
the defect is unknown, but it is not related to nutritional defi¬ 
ciency. These dogs are not anemic or, if so, the anemia is 
almost un detec table.® 

V itamin Bj 2 and Folic Acid Deficiencies 
Vitamin B 12 deficiency is associated with macrocytic 
in humans, but there does not appear to be a counterpart i|M 
n on h u man primates, dogs, o r c a ts. Th e m e gal oh 1 astic changes 
noted in feline erythroid cells have also been described in 
feline folic acid-depleted bone marrow, but the morphologic 
changes are not dramatic. Dogs and cats treated with pheno- 
barbital or primidone occasionally develop megaloblastic 
changes in the bone marrowy but the changes 
panied by peripheral blood macrocytosis.^ Vitamin B 12 and 
folic acid deficiencies are most often related to gastric mal¬ 
absorption, Gastric mucosa produces an "intrinsic factor" nec¬ 
essary for absorption of vitamin B 

Lack of intrinsic factor in small animals may be associated 

with partial or total gastrectomy. Bacterial colonization of the 

small intestine by vitamin B t 2 -consuming micro-organisms 

may, theoretically, lead to vitamin B ]2 deficiency'. Drugs such 

colchicine and neomycin may also lead to minor malabsorption 
syndromes.' 53 

Folic acid deficiency has been associated with gluten-sensitive 
enteropathy due to malabsorption and with increased require¬ 
ments during pregnancy. It also is seen in neonates and in 
myelofibrosis and chronic inflammatory diseases. These do not 
appear to he clinically significant findings in small animals.* 53 
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N ormachromic, Normocytic Anemia 
Normochromic ; normocytic anemia is defined as a low red cell 
count, hematocrit, or hemoglobin concentration with appro¬ 
priate MCV, MCHC, and MCH values. Almost all 

erative anemia is presented as normocytic and normochromic. 
AID has already been discussed and is associated with under¬ 
lying in flam mat ion, in faction, i mm u n e- m edia ted processes 
neoplasia. Most often these animals have clinical signs associ¬ 
ated with the underlying process rather than the mild 
General signs include weight loss, icterus, and ly mphadenopa - 
thy Abdominal signs include diarrhea or constipation, nausea 
and vomiting, or pain. Other signs are often associated with 
specific organ systems, such as cardiac murmurs or dyspnea, 
cough, polyuria, dysuria, bone or joint pain, or the drug his¬ 
tory. Management requires correction of the underlying 

and the use of specific blood products as needed. Treatment 
with iron is contraindicated. 
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Hypochromic, Microcytic Anemia 

A low red cell count, low hemoglobin concentration, and low 

hematocrit with low MCV, MCHC, and MCH values 

ciated with hypochromic and microcytic red cells on exami¬ 
nation of the peripheral blood smear, It is important to know 
that some canine breeds are normally microcytic (Akita and 
Shiba}. When hemoglobin concentrations reach a certain level 
in developing erythroid cells, cell division appears to stop. 
Because chronic iron deficiency is the most common cause of 
hypochromia and microcytosis, and as cell division is unim¬ 
peded, extra red cell division occurs until the intraerythroid 
hemoglobin concentration is at a level to signal cessation of 
division. Potential causes of this type of anemia include AID, 
portosystemic shunts in dogs and cats, pyridoxine deficiency-, 
copper deficiency, hereditary- elliptocvtosis in dogs, dysery- 
thropoiesis, and drug or chemical toxicides. Iron deficiency 
has already been discussed (see above]. 

Congenital portosystemic shunts are most often caused by 
a single blood vessel that fails to regress in ufem and that 
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diverts portal blood around the liver. Acquired shunts are 
often multiple and are associated with chronic hepatobiliary 
disease m70 The cause of the microcytosis is not fully under¬ 
stood, but the condition is associated with abnormal iron 
metabolism, at least in dogs. Clinically the most common 

signs are encephalopathy in patients who 
poor haircoats. Young dogs with congenital shunts are often 
small for their age. The liver is difficult to palpate as a result 
of microhepatica. Approximately two thirds of dogs with 
shunts have mild microcytosis with MCV and red cell masses 
at the low end or slightly below the reference interval. The 
MCHC is also slightly low, and the red cell distribution width 
(RDW) is slightly increased in most cases. About one third of 
cats with shunts have decreased MCV. 63 ' 71 Target cells 

(codocytes), keratocytes, and elliptocytes are the poikilocytes 

. The abnormalities in the clinical bio¬ 
chemistry profiles of dogs include decreases in urea nitrogen, 
creatinine, glucose, albumin, total protein, and cholesterol. 
Increases are observed in serum alkaline phosphatase, bile 

acids, serum 

bin. 71 * 72 Fasting ammonia concentrations are elevated. The 
urinalysis may reveal ammonium urate crystals. Similar abnor¬ 
malities are seen in cats with shunts, but hypocholesterolemia 
and hyperbilirubinemia are not reported Storage iron, mea¬ 
sured indirectly by species-specific serum ferritin assay, is 
appropriate or increased. The serum iron and transferrin con¬ 
centrations are modestly decreased, because the physiology is 

similar to that of AID (see Table 271 «2).® 9 

Other potential causes of microcytic anemia include pyri- 
doxine (vitamin and copper deficiency, drug and chemical 
toxicity, dyserythropoiesis, and hereditary elliptocytosis. 
Pyridoxine deficiency has been produced only experimentally 
in dogs and cats. These animals have microcytosis, increased 
serum iron, and siderotic (iron) inclusions in adult red cells. 
Prolonged copper deficiency in dogs and cats may cause 
microcytosis due to functional iron deficiency, in turn caused 
by inability to access storage iron as the copper transport 
enzyme ceruloplasmin is decreased. This protein has f err oxi¬ 
dase activity that is important for changing ferrous storage 

(Fe 2+ ) to ferric iron (Fe 3+ ), a change necessary for iron 
binding to transferrin (the iron transporting protein). 
Chloramphenicol is one of numerous drugs or chemicals that 
block heme synthesis, resulting in microcytosis and red cell 
siderotic inclusions. 69 Dyserythropoiesis in English springer 
spaniels causes non regenerative microcytic 
increased circulating nucleated red cells. These dogs also 
have cardiac disease and polymyopathy. 3 Hereditary ellip- 
tocytosis has been described in a mixed-breed dog that had 
red cell membrane deficiency (lack of membrane band 4.1). 
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Approach to Diagnosis of Nonregenerative 
Anemia 


are thin and have 


Noitregenerotive anemia without other cytopenias 

Examine bone marrow 

■ • • w ^ • • • w • • 

Severe erythroid hypoplasia—consider pure red 
cell aplasia 

Normal or mild erythroid hypoplasia—consider 
inflammatory disease 
Renal disease 
Neoplasia 
Hepatic disease 
Hypothyroidism 

Hypoadrenocorticism 
Hyperceliular morrow 

Less than 30% blast forms—consider 

■ ■ ■ • ' m ■ « ■■ • ■ • ^ tt • • » M — fc _ I » • m • am m ■* _ ■ • • • 

myelodysplastic syndrome 
Greater than 30% blast forms—consider 
hemopoietic neoplasia 

Nonregenerative anemia wrth leukopenia and/or 
thrombocyto pe ni a 

Examine bone marrow 

Pan hypoplasia—aplastic pancytopenia 

(aplastic anemia) 

Pathology determined by core biopsy 
Myebnecrosis 
Myelofibrosis 

Hyperceliular bone marrow 

Less than 30% blast forms—consider 
myelodysplastic syndrome 
Greater than 30% blast farms 
hematopoietic neoplasia 




most frequently seen 


alanine aminotransferase (ALT), and biliru- 


onsider 




Modified from Weiss Db Aplastic anemia, in Feldman BF, Zirvkl JG, 
Jain NC (eds): Schalm s Veterinary Hematology, 5th ed. Baltimore, 
Lippincott Williams & Wilkins, 2000, p 212. 
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and the early stages of hemolysis and hemorrhage—the main 
anemia causation groups—present as non regenerative anemias; 
that is, a relative or absolute reticulocytopenia. Examination 
of a minimum database (be., complete hemogram, urinalysis, 
and biochemical profile) often reveals sufficient information 
to diagnose the underlying disorder. Examination of the 
complete hemogram includes comments on platelet, red cell, 
and white cell morphology. Specific factors to be considered 
include the total protein concentration, the red cell indices, 
and the adjusted reticulocyte count. Once an etiology has 
been suggested, ancillary specific tests often bring under¬ 
standing to these interesting but elusive disorders. 
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SUMMATION OF NONRECENERATIVE ANEMIA 


Anemia is a common clinical presentation of an underlying 
disease. Nome generative anemias are the most common ane¬ 
mias observed by veterinary clinicians (Box 2/1-4). Lack of 
iron, anemia of inflammation, bone marrow disorders, ane¬ 
mias related to erythropoietin, maturation abnormalities, 
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PRIMARY HEMOSTASIS 


which then mediate granule secretion. Granule contents 
include adenine nucleotides, calcium, serotonin, and adhesive 
proteins, such as fibrinogen, vWF, fibronectin, and P-selectin. 
Secreted compounds accumulate locally, interact with their 
respective surface receptors, and recruit additional platelets 
to the site of injury. Large-order platelet aggregates then 
muiate and bridge the zone of vascular damage to form 
a hemostatic plug. Thrombin cleavage of fibrinogen strengthens 
the platelet plug as a fibrin-platelet mesh work develops. 1 

Late-stage platelet activation includes exposure of platelet 
membrane phosphatidyiserine fPS) and the release of PS-rich 
microparticles, which act as scaffolding for the assembly of 

coagulation factor complexes. The expression of platelet pro¬ 
coagulant activity greatly amplifies local thrombin and fibrin 
generation. Contraction of platelet cytoskeletal proteins 
linked to platelet integrin receptors for fibrin and fibrinogen 
results in consolidation and subsequent retraction of the 
growing clot. 

Platelet activation requires simultaneous engagement of 
the platelet membrane surface receptors (Figure 272-2), 
Species differences in response to platelet stimuli may 
differences in receptor subclasses for specific ligands. The 
endoperoxides prostacyclin (prostaglandin 1 2 [PGL]), 

prostaglandin E z (PGE 2 ), and prostaglandin 0 2 (PGD Z ), which 
are synthesized by endothelial cells and released into the 
lar space, serve 

respective platelet receptors to dampen platelet reactivity, 2 
Platelet integrins and nonintegrin glycoprotein receptors 
play a critical role in adhesion (platelet-subendothelial matrix 
interactions) and aggregation iplate let-platelet association). 
The allb(33 complex (GPlI h lll j is the most abundant platelet 
integrin and functions as the activation-dependent receptor 
for fibrinogen, fibronectin, and vWF. Binding of fibrinogen to 
this receptor is essential for aggregation and clot retraction. 
Platelet adhesion to collagen and collagen-induced signaling 
are supported by collagen's interaction with the integrin 

receptor a2pi (GP1.IIJ. 

Surface receptors, coupled to G proteins, span the platelet 
membrane and transmit signals induced by agonist binding. In 
platelets, Gq serves as this link for most agonists. Gq is cou¬ 
pled to phospholipase C, which in turn generates diacylgiyc- 
erol (DAG) and inositol triphosphate, leading to calcium 
release from the endoplasmic reticulum; protein kinase C and 
myosin light chain kinase activation; and phosphorylation of 
platelet signaling proteins. During activation, phospholipase A 2 
releases arachidonic acid from membrane phospholipids. 
Cyclo-oxygenase and thromboxane synthetase convert 
arachidonic acid to the potent agonist thromboxane (see 

Figure 272-2), 

Platelet—von Willebrand Factor Interaction 

Subendothelial collagen fibrils and bound vWF are exposed 

when the vascular endothelium is injured. The affinity and 

strength of the vWF-collagen bond is proportional to vWF 


Platelets play a critical role in the initiation, regulation, and 
localization of hemostasis. The term primary hemostasis refers 
to the interactions among platelets, von Willebrand factor 
(vWF), and the vessel wall that culminate in the formation of 
a platelet plug (Figure 272-1). These reactions begin with 
platelet contact with the damaged vessel and vWF-mediated 
adhesion, proceed through platelet activation, degranulation, 
and aggregation; and conclude with the development of 
platelet-dependent procoagulant activity and clot retraction. 

Platelet Physiology 

Megakaryocytic precursor cells in the bone marrow are pro¬ 
grammed, through the action of transcription factors and 
thrombopoietin, to form platelet-specific organelles and to 
express platelet cell surface proteins. In the final stages of 
megakaryocyte maturation, a network of demarcation 
branes generates long processes that fragment into large 
hers of anudeate platelets. Platelets are released from the 
marrow and circulate in the vascular compartment as quies¬ 
cent, nonadhesive, smooth disks. Approximately 100 billion 
platelets are released each day to maintain a peripheral 

platelet count of 200 million to 500 million cells per milliliter 
of blood. 

Injury to the vessel wall triggers platelet activation within 
nanoseconds. In the initial step of activation, platelets rapidly 
transform into adhesive, spiny spheres capable of recognizing 
and binding to exposed matrix components of the sub¬ 
endothelium, Surface binding initiates cell signaling pathways, 
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Figure 272-1 Scanning electron micrograph of platelet thrombus. 
Activated platelets have undergone shape change, are adherent to 
the underlying matrix, and have formed intraplatelet bonds in 
the process of aggregation, (Courtesy Bristol-Myers Squibb, 
New York, NY ) 
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Figure 272-2 Major signaling mechanisms involved in platelet activation, cAMP t Cyclic 
adenosine monophosphate; AC, adenylate cyclase; PLC, phospholipase C; FIP 2 , phosphatidyiinos- 
jtol bisphosphate; DAG t diacyl glycerol; /P 3 , inositol triphosphate; PKC, protein kinase C; MLCK, 
myosin light chain kinase; PLA It phospholipase A?; CO, cyclo-oxygenase; TS, thromboxane syn¬ 
thase; TXA 2 , thromboxane A 2 ; PAF f platelet-activating factor; PAH l, PAR 4, protease-activated 
thrombin receptor 1 or 4; GP r glycoprotein; TK t tyrosine kinase; vWF, von Willebrand factor; 
P2Yi or P2Y U , purinergio nucleotide receptors; FCy, immunoglobulin-like receptor; Gq and Gi t 
GTP-binding proteins; jyfe, syk kinase. 
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SECTION XIX # Hematology and Immunology 


mul timer size. Col la gen-bound vWF displays a conforma¬ 
tional change that allows it to interact with the platelet 

GPJb/V/IX complex. As platelet GFIb contacts and 


neoplastic diseases. Specific diagnostic tests (Table 272-2) 
indicated for patients with moderate to severe thrombo¬ 
cytopenia or thrombocytosis, with associated clinical signs. 

Thrombocytopenia Platelets are highly reactive; spuri¬ 
ous low platelet counts are common laboratory artifacts and 
should be confirmed by examination of a blood smear to rule 
out platelet clumping. Collection artifacts are minimized by 
the use of citrate anticoagulant, atraumatic venipuncture 
with collection direcdy into anticoagulant, assay within hours 
of blood draw, and avoidance of cold temperature. 
Thrombocytopenia rarely causes signs of abnormal hemostasis 

unless the platelet count falls below 50,000/fiL, with petechi- 
ation and spontaneous hemorrhage most likely at counts 
below 20,000/pL. Clinical signs may appear at higher platelet 
counts, however, if the patient has a concurrent disease that 
further impairs hemostasis. 

Three general mechanisms cause thrombocytopenia: 
impaired platelet production, increased peripheral consumption 
or sequestration, and immune-mediated destruction. In many 
disease syndromes, more than one mechanism is involved, 0 

Production defects are likely in patients with thrombo¬ 
cytopenia combined with leukopenia and/or anemia.^ Immature 
platelets have a relatively high mean platelet volume [MPV] 
and ribonucleic acid (RNA) content, detected as "reticulated" 
platelets by thiazole orange staining. The presence of reticu¬ 
lated platelets indicates ongoing platelet production, but their 
absence does not confirm megakaryocyte hypoplasia. Bone 
marrow examination, therefore, is the most accurate and 
direct means of evaluating megakaryopoiesis. Normal to high 
megakaryocyte numbers are typical of peripheral platelet 
sumption or destruction. Megakaryocyte hypoplasia confirms 
a platelet production defect and may reveal an infectious 
agent or abnormal cellular or stromal proliferation. In most 
cases, the combination of bone marrow examination, drug and 
travel history, and serology or polymerase chain reaction 
(PGR) testing to detect infectious agents leads to definitive 
diagnosis of production defects. 

Splenic enlargement, for any reason, causes increased 
platelet sequestration and may result in thrombocytopenia 
with a shortened platelet life span, 10 Increased peripheral 
platelet consumption accompanies systemic vascubtic dis¬ 
orders and disseminated intravascular coagulation (DJC). The 
primary means of diagnosing sequestration disorders include 
splenic and lymph node aspiration cytology, serology and 
biopsy to detect infectious agents and inflammatory disorders, 
and coagulation tests to define a D1C process, 

Immune-mediated platelet destruction is common, 
Primary immune-mediated thrombocytopenia {IMT) implies 
autoimmune disorder with production of antibodies directed 
against normal platelet antigens. 11 Secondary IMT occurs in 
association with infection, drug therapy, neoplasia, or poly- 
immune syndromes or as a complication of platelet trans¬ 
fusion, 12 In these patients, platelet-bound antibody 
represent immune complexes, antibodies directed against 
neoantigens or foreign platelet antigens, or nonspecific binding. 
The presence of antibodies on the surface of platelets 
(platelet-bound antibody) or antibodies in patient sera capa¬ 
ble of binding normal platelets (platelet-bindable antibodies) 
can be detected with flow cytometry 
immunosorbent assay (ELISA). Flow cytometric assays config¬ 
ured to detect platelet-bound canine IgG have been developed 
for clinical use 14 * 15 The tests are generally sensitive, but they 
are nonspecific. Detection of platelet-bound IgG does not 
differentiate patients with primary IMT from those with 
secondary IMT, and nonspecific antibody binding may compli¬ 
cate interpretation of test results. Mi crothrombocytosis [MPV 
less than 5,5 fL) has been described as a feature of primary 
and secondary IMT and is seen early in the disease course. 


are 


engages 

with vWF, platelets slowly roll and become activated by inter¬ 
action with collagen fibrils vWF then binds to GPlfi/114 
receptors exposed on the surface of activated platelets. 
Adhesion and aggregation at high shear rates depend on this 

vWF binding to activate platelet GP1L/IIL* 


DIAGNOSIS OF PLATELET DISORDERS 


Clinical Signs of Primary Hemostatic Defects 

Primary hemostatic defects typically cause signs of petechiae 
(pinpoint hemorrhage), ecchymoses (bruising), and mucosal 
hemorrhage, such as epistaxis, hematuria, gingival and intesti¬ 
nal hemorrhage, and prolonged bleeding after injury. These 
signs are suggestive of capillary and small vessel hemorrhage, 
but none are pathognomonic for a specific disease. For 
pie, ecchymoses (Figure 272-3) are often seen in association 
with thrombocytopenia but also may be signs of inflammatory 

vasculitis. 

Screening Tests 

The initial assessment of any patient with signs of bleeding 
should aim to distinguish between hemorrhage from injured 
or diseased blood vessels and hemostatic failure. If the 
or cause of hemorrhage cannot be readily identified, platelet 
count and coagulation screening tests should be performed 
early in the diagnostic workup. These tests can help both to 
detect a hemostatic defect and to guide the selection of 
appropriate ancillary diagnostic tests (Figure 272-4). 

The platelet count (per pL) can be estimated by counting 
the number of platelets in 10 oil immersion fields and multi¬ 
plying the average number per field by 15,(XX) to 20,000 
(Figure 272-5). 3 Either the activated dotting time (ACT) 

point-of-carc coagulation assays can be performed in-house to 
rule out clinically severe coagulation factor deficiencies. 

Testing fur Quantitative Platelet Defects 

Quantitative platelet defects are common hematologic abnor¬ 
malities. 4 ^ Normal platelet numbers for dogs and cats range 

from approximately 200,000/pL to 500,000/pL. Each testing 

laboratory should provide species-specific reference ranges for 
their method (Table 272-1). High or low platelet counts are 
found in many patients having systemic inflammatory and 
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Figure 272-3 Petechiae and ecchymoses in the inguinal region 
of a mixed-breed dog with thrombocytopenia (platelet count 

5000/gL). 
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* Hematology and Immunology 


Reference Values* for Canine and Feline Platelet 
Count and Mean Platelet Volume 


VALUE 


DOG 


CAT 


Platelet count (x IOVuL) 
Mean platelet volume (fL) 


179 to 483 
8.4 to 13.2 


201 to 523 


10.8 to 19.8 


* Ad via Hematology Analyzer (Bayer, Tarrytown, New York). 

Values current 2£X)3, Clinical Pathology Cornell University Ithaca 
New York. 


Figure 272-5 Wright-stamed blood smear from a healthy cat 

demonstrating normal feline platelet morphology (x40D). 
(Courtesy Dr, Tracy Stokol, Cornell University Ithaca, New York.) 


Platelet Function Tests 

The buccal mucosa bleeding time (BMBT) is an in vivo 
screening test of primary hemostasis (Figure 272-6). If throm¬ 
bocytopenia has been ruled out, a long BMBT is compatible 
with either platelet dysfunction or vWF deficiency. 1 ^ Platelet 
dysfunction is definitively diagnosed using more compre¬ 
hensive tests of platelet structure and activation response 

[Table 272-3). 

To ensure platelet viability, functional assays are best per- 
formed within 2 to 3 hours of sample collection. The PFA 100 
(Dade Behring, Newark, DE) is a new analyzer that can be 
used to measure platelet adhesion and aggregation with small 
volumes of whole blood (less than 2 mL’i under conditions 
that simulate blood flowT^zi More specific assessment of 
platelet function is performed by monitoring agonist-induced 
responses of shape change, aggregation, and release of dense 
granule contents (Figure 272-7)T2 

Flow cytometry is used to assess platelet function by means 
of detection of membrane glycoproteins (required for adhesion 
and aggregation) and activation markers, such as P-selectin, 
fibrinogen, and surface PST* These markers are evidence of 
effective alpha granule release and procoagulant activity 
(Figure 272-8). Detailed evaluations of platelet function, 

physiology* and u 1 trastructure are usually reserved for charac¬ 
terization of hereditary thrombopathias. 


In a case review, severe thrombocytopenia (less than 20,000/pL) 
and microtbrombocytosis were found almost exclusively in 
dogs with IMT; however only half of the 1MT patients had 
these abnormalities. 16 Accurate MPV determination i 
affected by the anticoagulant used; platelets stored in 
ethylenediamine tetra-acetic acid (EDTA) rather than citrate 
may have artifactual increases in MPV, 


is 


Thrombocytosis Mild to moderate increases in the 
platelet count ("reactive" thrombocytosis, are seen in associa¬ 
tion with chronic blood loss, neoplasia, systemic inflammatory 
disease, and hypercortisolism. 17 High platelet counts may 
occur after splenectomy. A persistent and markedly high 
platelet count (greater than 900,(X)Q/pL) is suggestive of pri¬ 
mary bone marrow' disease (e.g., myelodysplasia, essential 
thrombocythemia) and is an indication for bone 
examination. 

cythemia in human beings and dogs include splenomegaly and 
hemorrhage caused by platelet dysfunction. 1 * 


marrow 

The clinical features of essential thrombo- 


Table 272-2 


Diagnostic Tests for Quantitative Platelet Defects 

SPECIFIC ASSESSMENTS 


CBC 


Review to detect: Infectious agents, neoplastic cells, spherocytes, schistocytes 

Assess; Platelet count and morphology, MPV, percentage of reticulated platelets 

Review to detect: Megakaryocyte number and morphology, infectious agents, 

lymphoproliferative or myeloproliferative neoplasia, myelofibrosis, myelodysplasia 

Special stains or labels; Immunophenotyping, histochemistry, iron stains, antimegakaryocyte 
antibody 

Review to detect: Infectious agents, neoplastic cells 

Review to detect: Infectious agents, antinuclear antibody 
Review to detect: Infectious agents 
Configured to detect: Antibody specificity (i 
{i.e., anti-GPII b JN n antibody) 

Review: Coagulation panel (oPTT, PT, TCT), fibrinogen, antithrombin activity FDP 
D-dimer concentration 


Bone marrow examination 


Spleen/lymph node 
examination 
Serology 

Polymerase chain reaction 
Platelet-bound antibody 


, IgG, IgM, JgA) or epitope specificity 


.e. 


Coagulation tests 


or 


CBC, Complete blood count: MPV, mean platelet volume, aPTT, activated partial thromboplastin time; FI] prothrombin time; TCT thrombin 
clotting time: FDP, fibrin and fibrinogen degradation products. 
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Table 








Platelet Function Assays 






&& & 


& 


SPECIFIC ASSESSMENTS 

CPI l b lll 0 -mediated clot 
retraction 

Aggregation response to specific 
agonists: adenosine 
diphosphate (ADR), collagen, 
arachidonate, epinephrine, 

platelet-activating factor 

Secretion of dense granule 
contents: ADR adenosine 
triphosphate (ATP), serotonin 
Detection of constitutive 

membrane antigens: GPII b IU 0 

(CD61 = CPIlla); CPlb 
(CD42b - GPIba) 

Detection of activation markers: 
P-selectin (CD62p), 
pho s ph at idyl serine 
(annexin-V), fibrinogen 
binding site (CAP1), platelet- 

bound fibrinogen 
(antifibrinagen antibody) 
Platelet calcium entry and 
release: Flu0-3 
Platelet calcium entry and 
release: Fura-2AM 
Platelet ultrastructure: Shape 
change, cytoskeletan, 
intracellular organelles 
{granules, dense bodies, 
lysosomes)* dense tubular 

system 


TESTS 








Dilute whole blood 
clot retraction 
PI ate let ag g re g at i o n 
studies 


Platelet secretion studies 


Flow cytometry 


B 


S pect rofl u o rt metry 


Figure 272-6 Buccal mucosal bleeding time. A, Template 
device (Simplate If Organon Teknika, Durham, North Carolina) 
with spring-loaded blades that make incisions of uniform depth 
and length when the device is triggered, B, Incised buccal bleed¬ 
ing time wounds in a Shetland sheepdog affected with type 3 
vWD, After incision, shed blood is collected by gently blotting 
below the wounds with gauze or hlter paper. The time from inci¬ 
sion to cessation of blood flow is the buccal bleeding time. 


Electron microscopy 




patient with a falling or low platelet count. In addition to 
turn or-mediated thrombocytopenia, cancer patients are at risk 
of developing thrombocytopenia arising from cytotoxic drug 

therapy, 

A thorough drug history is indicated for any patient with 
thrombocytopenia, because numerous drugs have been 
reported to impair platelet production, induce secondary 
immune destruction, and/or cause platelet dysfunction 
(Table 272-5). 25 Establishing the causality of drug-induced 
thrombocytopenia is difficult, but ancillary diagnostics can 
help define possible underlying mechanisms. The findings of 
pancytopenia and megakaryocytic hypoplasia indicate bone 

suppression, and the presence of platelet-bound anti- 

immune-mediated process. 


SPECIFIC PLATELET DISORDERS 




Thrombocytopenia 

Thrombocytopenia is the most common acquired hemostatic 

defect of dogs and cats. 10 Many different pathogens cause 
thrombocytopenia (Table 2/2-4), often through combined 

suppression and an increased rate of peripheral loss. 

increasingly identified as the 


marrow 

Arthropod-borne agents are 
cause of cytopenias in dogs and cats. 8 ’ 24 Infectious agents 
usually cause systemic signs, producing physical examination 
findings and complete blood count (CBC) abnormalities 
beyond those of thrombotytopenia alone. Although dogs and 
cats with infectious thrombocytopenias may initially respond 
to steroid administration, sustained platelet response and 
disease resolution require specific treatment* it therefore is 
important to rule out infectious thrombocytopenia (through 
serology, cytology, or PCR) before an immunosuppressive 

steroid regimen is begun. 

Mild to moderate thrombocytopenia is seen in association 
with many tumor types, with more severe depression likely in 
hematopoietic neoplasia such as multiple myeloma, lym¬ 
phoma, and leukemia/ DIC is a common cause of thrombo¬ 
cytopenia in hemangiosarcoma, and tests to define a DIC 
process (see Table 272-2) should be performed in any cancer 




marrow 

body is compatible with an 

Idiopathic, or primary, 1MT is an autoimmune disease, usu- 
tty mediated by IgG directed against platelet membra 
G p ll|,IIl a . The disease is uncommon in cats, but in case reviews of 
canine thrombocytopenia, primary IMT accounts for approx¬ 
imately 5% to 15% of patients, with over-representation ol 

females and certain breeds (cocker spaniels, poodles, and t >ld 
English sheepdogs). 4 - 11 The diagnosis of primary IMT is gen¬ 
erally based on combined clinical and laboratory criteria: 
exclusion of other underlying disease processes, the present v 
of severe thrombocytopenia (less than 50,(XH)/jil.), normal to 
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S 


Figure 272-7 Platelet aggregation profiles of 

pi atd et-rich pi a sma obta i n ed from two healthy d ogs. 
Platelet activation was initiated by the addition 
(arrow) of adenosine diphosphate (ADP) (t op panels) 
or collagen (bottom panels). Aggregate formation is 
evidenced hy an increase in light transmission. ADP 
induces a rapid aggregation response, in contrast, 
collagen stimulation is followed by a lag phase before 
aggregation ensues, 
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05 


Collagen (t2jjtg/mL) 
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increased megakaryopoicsis, microthrom bocytosis, platelet- 
bound antibodies, and response to immunosuppressive 
therapy. 

Breed-specific, clinically asymptomatic thrombocytopenias 
occur in dogs. Healthy greyhounds have a platelet count 
somewhat lower than that of other breeds, with 
platelet count of approximately 150,OOO/pL. 2e Cavalier King 
Charles spaniels have a hereditary macrothrombocytopenia, 
with affected dogs having platelet counts ranging from 

25,000/p L to 100,000/uL. 27 


antiplatelet effects. Although drugs with potential antiplatelet 
effects may not cause spontaneous or severe bleeding, they 
should be given cautiously, if at all, to thrombocytopenic 
patients, patients undergoing surgery, or patients with signs of 
abnormal hemostasis. 

Hereditary Platelet Dysfunction 

Hereditary platelet function defects (thrombopathias) 
rare but likely are underdiagnosed because of logistic difficul¬ 
ties in performing platelet function studies. Diseases 
broadly grouped as defects of membrane glycoproteins, 
age granules, signal transduction, or procoagulant activity. 
Breed-specific defects within these functional classifications 
have been identified in dogs and cats (Table 272-6). Defects 
in the G PI 1^111* complex, referred to as thrombasthenic throm¬ 
basthenia , have been identified in otter hounds and Great 
Pyrenees as the result of two distinct GPIIb mutations. 3031 It 
is likely that the platelet function defects found in different 
breeds are caused by unique mutations. 

von Willebrand Disease 

von Willebrand disease (vWD) is the most common canine 
hereditary hemostatic defect. 3 - The clinical signs of vWD 
overlap with those of other primary hemostatic defects, 
including mucosal hemorrhage, cutaneous bruising, and 
prolonged bleeding after injury, Petechiation, however, is 
not typical of vWD, 


a mean 


are 


stor- 


Acquired Platelet Disfunction 

Many common drugs and disease syndromes impair platelet 
function, but the clinical significance is highly variable. 2 ® 
A mild to moderate bleeding tendency may complicate man¬ 
agement of disease syndromes such as 
uremia, D1C, and paraproteinemia. The pathogenesis of 
platelet dysfunction in these disorders is complex and multi- 
factorial and includes intrinsic alterations in platelet 
metabolism and extrinsic changes in blood viscosity. Many 
drugs demonstrate in intro platelet inhibition (see Table 272-5), 
by a variety- of different mechanisms. The antiplatelet effects 
of aspirin are caused by a well-characterized, irreversible inac¬ 
tivation of intraplatelet cyclo-oxygenase [COX)Other 
nonsteroidal anti-inflammatory drugs [NSAIDs) 

sient COX inhibition, and new r er NSAIDs that selectively 
inhibit the COX-2 isoform 


20 


anemia, liver failure, 


cause tran- 


predicted to have fewer 
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Figure 272 -S Flow cytometry analyses of canine 

platelet response to thrombin stimulation. The dot 
plot at top displays activated platelets in region R2, 
Region R I contains platelet membrane-derived 
microparticles, debris, and machine noise. The four 
composite cytograms display the fluorescence inten¬ 
sity of labeled probes bound to the events in R1 or R2. 
The activated platelets (R2) display high-intensity 
labeling with CD61 and CD62p probes, denoting 
the presence of the membrane integrin GPIIla and 
externalization of alpha granule constituent P-selectin, 
respectively Most thrombin-activated platelets, 
however, are not labeled with the annexin probe, 
indicating low surface phosphatldylserine. In contrast, 
platelet membrane-derived particles (Rl) display 
both P-selectln and phosphatidylserine. In all 
cytograms, events in the lower left quadrant repre¬ 
sent nonspecific background fluorescence. 
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moderate bleeding diathesis characterized by low plasma 
vWF:Ag and normal multimer distribution. Type 2 vWD is a 
moderate to severe bleeding diathesis with a variable reduc¬ 
tion in vWF;Ag and a disproportionate loss of high molecular 
weight (HMW) multimers. Type 3 vWD is a severe bleeding 
disorder caused by a total lack of vWF. 


Disease Classification 

Canine vWD is classified into one of three subtypes based on 
the clinical severity, plasma vWF concentration [vWF;Ag), 
and vWF multimer composition 33 In general, a single type 
of vWD predominates in each affected breed (Table 272-7), 
Type \ vWD, the most common form, is typically a mild to 


Tabie 


272-4 




Pathogens that Cause Infectious Thrombocytopenia 


PATHOGEN 


TYPE OF AGENT 


Canine: Distemper virus, herpesvirus, parvovirus, adenovirus 
Feline: Feline leukemia virus (FeLV), panleukopenia virus, feline immunodeficiency 
virus (FIV), feline infectious peritonitis (FIP) coronavirus 
Ehrlichia spp, (E. cants , E. platys , E. ewingii); also Babesia, Haemobartonella , 
Rickettsia , Leishmania, Cytauxzoon, Borrelia, and Dirofilaria spp. 

Septicemia: Various agents 

Histopiasma ; Candida, and Leptospira spp* 


Viral agents 


Arthropod-borne agents 


Fungol and bacterial agents 
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Table 272-5 


Drugs that Have Antiplatelet Effects 


CATEGORY 


DRUG 


DISORDER/MODE OF ACTION 


Antibiotics and antifungal drugs 


Carbeniciflin 

Cephalosporins 

Chloramphenicol 

Penicillin 

Sulfonamides 

Aspirin 
I b u profen 
Naproxen 

Phenylbutazone 

Aminophyfline 

Diltiazem 

Isoproterenol 

Procainamide 

Propranolol 

Verapamil 

Azothioprine 

Chlorambucil 

Cy cl ophosp ha m i de 

Doxorubicin 

□extra n 

Estrogen 

Methimazoie 


Thrombopathia: Unknown action 
Thrombopathia: Membrane action* 

Th rom bocytope n i a 
Th rombocytope n i a 
Th rom bocytope n ia 

Thrombopathia: Prostaglandin (PC) inhibition 
Thrombopathia: PC inhibition 
Thrombopathia: PC inhibition 
Thrombocytopenia and thrombopathia: PC inhibition 
Thrombopathia: Phosphodiesterase inhibition 
Thrombopathia: Calcium blocker 
Thrombopathia: Membrane action 
Thrombocytopenia 
Thrombopathia: Membrane action 
Thrombopathia: Membrane action, calcium blocker 
Thrombocytopenia 
Thrombocytopenia 
Thrombocytopenia 
Th rombocytope n i a 
Thrombopathia: Membrane action 
Th rom bocyto pen ia 
Th rom bocyto pen ia 


An ti-infia mm atory d rug s 


Cardiac and respiratory drugs 




Cytotoxic d ru gs 


Miscellaneous 




‘Membrane action is interaction or interference with membrane receptors. 
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Hereditary Platelet Function Defects 
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DEFECT 


BREED 




LABORATORY FINDINGS 

Absent or reduced GPN b Ill g complex, abnormal adhesion, absent or severely 

reduced aggregation to all stimuli, abnormal dot retraction 

Abnormal cAMP metabolism, defective CPII b IU Q activation, abnormal adhesion, 

a 99 r ^9<3tion only in response to thrombin, normal clot retraction 

Abnormal adhesion, absent or trace aggregation in response to most stimuli 
normal clot retraction 

Ch£diak-Higashi syndrome, low dense granule number, failure to secrete ADP 
and serotonin, abnormal aggregation, normal clot retraction 
Normal dense granule number, abnormal ADP storage and secretion, abnormal 
A DP-induced aggregation, normal dot retraction 
(Associated with cyclic neutropenia and stem cell defect) 

Defective dense granule serotonin and ADP release, abnormal aggregation to all 
stimuli but ADP 

Abnormal aggregation to ADP and collagen, normal shape change, normal 
granule ATP/ADP content, normal fibrinogen and vWF binding 
German shepherd Abnormal membrane phosphatidylserine exposure, abnormal microparticle release, 

abnormal prothrombinase activity, normal shape change, normal aggregation, 
_ normal clot retraction 

c4MP r Cyclic adenosine monophosphate; ADP, adenosine diphosphate; ATP, adenosine triphosphate; vWP t von WiUebrand factor. 
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Table 272-7 


Classification of Canine von Willebrand Disease 


REPORTED BREEDS 


SEVERITY 


CLASSIFICATION vWF PROTEIN 


Airedale, Akita, dachshund, Doberman pinscher, German 
shepherd, golden retriever, greyhound, Irish wolfhound, 
Manchester terrier, schnauzer, Pembroke Welsh corgi, 
mixed-breed, poodle, Shetland sheepdog 
German shorthaired pointer, German wire hoi red pointer 


Variable 


Low concentration/ail 
multimer forms present 


Type 1 


Moderate to 
se ve re 


Type 2 


Low 

concentration/ 

disproportionate loss of 
h ig h-molec u I a r-we ig h t 
multimers 
Absent 


Chesapeake bay retriever, Dutch kootker, Scottish terrier, 
Shetland sheepdog 

Sporadic cases; Cocker spaniel, Eskimo dog, Labrador retriever, 
pit bull, rottweiler 


Seve re 


Type 3 


Inheritance and Expression 

von Willebrand disease is an autosomal trait; males and 
females experience the bleeding tendency and transmit the 
defect to offspring with equal frequency. 35 Expression of type 1 
vWD is complex, with evidence for both incomplete doml- 
nant and recessive patterns. 36 - 37 Type 1 vWD is common in 
Doberman pinschers, and in this breed, clinical signs of vWD 
are typically seen in dogs with a vWFtAg of 15% or lower. 38 - 39 


Diagnosis of von Willebrand Disease 
The screening test findings compatible with vWD include a 
normal platelet count, normal coagulation panel, long BMBT, 
and long PFA closure time, with definitive diagnosis confirmed 
by the finding of low plasma vWF:Ag (see Figure 272-4), 
Comprehensive analyses for vWD subtype classification 
include quantitative, functional, and qualitative vWF assays 

(Table 272*8), 


Table 272-8 


von Willebrand Factor Analyses 


TYPICAL RESULTS 
WITHvWD 


NORMAL VALUES* 


PARAMETER MEASURED 




2 to 4 min 




Primary hemostasis—vessel, 
platelet, vWF interaction 


Type 1:5 to >12 min 
Type 3: >12 min 
Type 2: >12 min 
Type 1:150 to 200 sec 
Type 2: >300 sec 
Type 3: >300 sec 
Type 1: 5% to 20% 

Type 2:1% to 5% 

Type 3: <0.1% 

Type 1: Cofactor 

activity = vWRAg 
Type 2; Cofactor 

activity < vWFiAg 
Type 3: Cofactor activity absent 
Type 1: vWRCB = vWRAg 
Type 2: vWF:CB < vWF;Ag 
Type 3: vWF:CB absent 
Type 1: All vWF multimers present 
Type 2: Low/absent HMW forms 
Type 3; no vWF 


Buccal mucosal bleeding 
time(BMBT) 




47 to 119 sec 


vWF-dependent platelet adhesion 
and platelet aggregation 


Platelet function analyzer 
(PFA 100) 

AD P/col I a gen closure time 
von Willebrand factor 
antigen (vWF:Ag) 


>50% 


vWF concentration 




>50% 


vWF-de pendent platelet 
agglutination 


Ristocetin and botrocetin 
cofactor activities 

(vWF:RCo; vWRBCo) 


>50% 


Quantitative measure of 
vWF bound to collagen 


Callaqen binding capacity 
(vWF:CB) 


Complete size array 


Distribution and size of vWF 
multimeric forms 


vWF multimer composition 
(Western blot) 


’Expected values for healthy dogs in authors' laboratory. 

vWF, von Willebrand factor; ADP f adenosine diphosphate; HMW, high molecular weight. 
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Homozygosity for a splice-site mutation in the vWF gene and 
for certain vWF marker alleles is associated with a low p] 
vWF 4041 i’he clinical severity of type 1 vWD for an individ¬ 
ual dog (or human patient) cannot be fully explained by 
rent molecular or biochemical tests- In contrast, type 2 and 

type 3 vWD in dogs appear to be simple recessive traits. 
Clinically affected dogs inheri t a m utant vWF gene from ea ch 
parent and express a bleeding tendency. The carrier parents 
clinically normal, although their plasma vWF is typically 
low (less than 50% vWF:Ag). Mutations causative for type 3 
vWD have been described in Scottish terriers and Dutch 
kooiker dogs. 42 - 43 Carriers (heterozygotes) can be unambigu¬ 
ously identified through breed-specific mutation detection tests. 


geographic location, history, and initial workup, institution of 
appropriate therapy for infectious thrombocytopenia (e.g., 
doxycycline for Ehrlichia, Rickettsia , and HaetnobartaneUa 
$pp.) is indicated pending confirmatory test results. 8 Immuno¬ 
suppressive doses of prednisone (2 mg/kg given every 12 to 
24 hours) are administered if the diagnostic workup indicates 
that primary IMT is likely. 11 Primary IMT patients usually 
demonstrate resolution of petechiae and an increased platelet 
count within 2 to 5 days of starting therapy. Refractory 
primary IMT can be effectively treated with vincristine 
{0.02 mg/kg given intravenously every 7 days). 44 Immuno¬ 
suppressive therapy for IMT can be considered successful if 
a stable platelet count (preferably at or above 100,000/p.L) 
Is attained. Maintenance involves slow, gradual tapering of 
immunosuppressive therapy with minimal exposure to 

unnecessary drugs, vaccination, or stress conditions to avoid 
relapse, 

Desmopressin acetate (DDAVF; deamino 8 D-arginine 
vasopressin 1 is a synthetic vasopressin analog used in human 
medicine to treat a variety of hemostatic defects, including 
acquired platelet function defects apd mild vWD. 45 
Desmopressin (1 pg/kg given subcutaneously) has been reported 
to shorten the BMBT and the PFA-100 closure time and to 
provide surgical hemostasis when administered 30 minutes 
before surgery to Doberman pinschers with type 1 vWD. 46 * 47 
Desmopressin therapy could be considered for other mild to 
moderate acquired or hereditary platelet function defects. 
Close monitoring to determine the extent and duration of 
response is required, and transfusion should be available if the 
response to desmopressin is inadequate. 

Transfusion Therapy 

Transfusion with products to replace red cells (Table 272-9) is 

indicated for patients with acute blood loss and/or 

anemia that cannot be stabilized with fluid therapy alone. 


asma 


cur- 


TREATMENT OF PLATELET DISORDERS AND 
von WILLEBRAND DISEASE 


Effective management of platelet disorders and vWD requires 
control of active sites of bleeding, stabilization of the patient 
to reverse signs of blood loss anemia and hypovolemia, and 
identification and correction of the primary disease that 
caused or exacerbated the hemostatic defect. Initial treatment 
modalities include both nontransfusion and transfusion 


sup¬ 
port. Although the BMBT is a useful screening test of primary 

hemostasis for diagnostic purposes, it is not an accurate 

predictor of disease severity or surgical hemostasis. 


Nontransfusfcm Therapy 

Most animals with thrombocytopenia or acquired platelet 
function defects are effectively treated through identification 
and correction of the underlying disease process. Drugs with 
anti platelet effects, invasive surgery, and jugular catheteriza¬ 
tion should be avoided, and cage rest is indicated to minimize 
trauma in severely thrombocytopenic patients. Based on the 


£ 


* § 


Guidelines for Transfusion Therapy 




t 'r 


INTERVAL BETWEEN REPEAT 

TRANSFUSIONS 




PRODUCT 


DOSE 


Mf 


Products for Red Cell Replacement 

Fresh whole blood 


7 “- 


S 


12 to 20 mL/kg 


Every 24 hours (volume overload 
limits interval) 

Every 12 to 2 4 hou rs 
Once 


i 




Pa eked red cel ls 
Oxyglobin 


6 to 12 mL/kg 
10 to 30 mL/kg‘ 


¥ 


¥ 


Products for Platelet Replacement 

Fresh whole blood 


12 to 20 mL/kg 


Every 24 hours (volume overload 
limits interval) 

Every 8 to 12 hours 
Every 8 to 12 hours 


iv 


Platelet-rich plasma 
Platelet concentrate 


6 to 10 mL/kg t 
1 U /10-15 kgt 


Products far von Willebrand Factor Replacement 

Fresh whole blood 


i . ' 


12 to 20 mL/kg 

10 to 12 mL/kg 
1 U/10 kg* 

'Infusion guidelines for cats (off-labd use): Infuse up to maximum dose of 30 mL/kg. 

T Pfetelet count £ 0.5 to 1 x lOVmL 
tPlatelet count £ 5 x lOVmL. 

*Unrt defined as tryoprecipitate prepared from 200 ml of fresh frozen plasma. 




Every 24 hours (volume overload 
limits interval) 

Every 8 to 12 hours 

Every 6 to 12 hours (as needed) 


Fresh frozen plasma 
Cryopreciprtate 




, 
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as soon as possible after collection, and maximum storage of 
3 days, A dime thy lsulfoxide (DMSO) cryopreserved canine 
platelet concentrate has recently been offered (Midwest Animal 
Blood Services, Stoekbridge, MI). Pending trials dem onstr ating 
its efficacy, this product may widen the availability of platelet 
transfusion beyond referral centers capable of producing com¬ 
ponents in-house. Strict attention to aseptic technique is crit¬ 
ical during collection and transfusion of platelet products to 
prevent contamination or disease transmission. 

Transfusion to supply active vWF (see Table 272-9) is 
highly effective in controlling hemorrhage in vWD patients. 
The best strategy is early, rapid transfusion to increase vWF 
to hemostatic levels and wound therapy to control hemorrhage 
from a single site. After initial transfusion, severely affected 
patients may require a second or third transfusion to sustain 
hemostasis for an additional 24 to 48 hours, Stabilization of 
the hematocrit and cessation of active hemorrhage indicate 
that hemostatic levels of vWF have been attained. Plasma 
components are the safest and most effective products for 
treating vWD. Plasma cryoprecipitate is prepared from fresh 
frozen plasma (FFP) and contains a fivefold to tenfold con* 
centration of active vWF in approximately one-tenth volume 
of the starting plasma. 49 Cryoprecipitate is the best product 
for rapid replacement of vWF, but fresh frozen plasma is an 
acceptable alternative if cryoprecipitate is unavailable. The 
use of plasma components rather than whole blood prevents 
sensitization to red cell antigens, eliminates the need for 
canine type-matched donors, and minimizes the risk of 
volume overload. 


Transfusion solely to supply platelets (see Table 272*9 ; 
is rarely indicated or beneficial for thrombocytopenic patients 
those with acquired platelet function defects. The survival 
of transfused platelets in 1MT patients may be less than I day, 
which further limits their clinical utility. Platelet transfu¬ 
sions should be considered, however, in patients with persis¬ 
tent and uncontrolled bleeding or signs of central nervous 
system hemorrhage. Dogs and cats affected with severe hered¬ 
itary thrombopathias may benefit from platelet transfusion as 
prophylaxis for surgery or if they develop severe spontaneous 
bleeding. 20 - 48 

Fresh whole blood, as platelet replacement, must be main¬ 
tained at room temperature, collected in a citrate-based anti¬ 
coagulant, and transfused as soon as possible after collection. 
This product is best used for patients with active bleeding or 
when no other platelet product is available. 

Platelet components are labor intensive to produce, 
because platelets require special processing and storage tech¬ 
niques to maintain viability. Platelet-rich plasma (PRP) is pre¬ 
pared by centrifugation of whole blood at low G force within 
6 hours of collection. 49 The expected platelet yield is approx¬ 
imately 80% of the platelets, in one third volume, of the start- 

whole blood unit. In accordance with human blood 
banking standards, units of PRP, prepared from 450-mL units 
of whole blood, are expected to contain at least 50 billion 
platelets. 50 Low-volume platelet concentrates (PC) are pre¬ 
pared from PRP by a second centrifugation step. Platelet-rich 
plasma and PC must be maintained at room temperature from 
the time of collection until transfusion, with administration 


or 
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PHYSIOLOGY OF HEMOSTASIS 


emostasis results from a complex set of interactions. 
For convenience, the hemostatic response is divided 
into three processes: ( l ) primary hemostasis, (2) coag¬ 
ulation, and (3) fibrinolysis. TTie main components interacting 
in these processes are the blood vessels, platelets, and plasma 
proteins. Erythrocytes and leukocytes play a major role as 
well. After injury to a blood vessel, vasospasm reduces blood 
flow. Exposed subendothelium initiates platelet adhesion and 
platelet-platelet cohesion, resulting in the formation of a tem¬ 
porary platelet plug. At the same time, the coagulation cas¬ 
cade is activated by the vessel injury and by substances 
released by the platelets. The coagulation cascade leads to the 
formation of fibrin, which reinforces the platelet plug, Form¬ 
ing a blood clot. The generation of fibrin leads to activation of 
fibrinolytic pathways. Numerous mechanisms, including 
antithrombin III, protein C, protein S, and tissue factor path¬ 
way inhibitor, limit coagulation to the area where it is needed. 
Although hemostasis is often considered an autonomous 
"system/' it is important to remember that this separation is 
artificial. Hemostasis is intimately tied to the process of 
inflammation and vice versa. 


H 


Hemostasis has been extensively studied, yet researchers 1 
understanding of the in vivo process is still undergoing revi¬ 
sion. For a long time the processes that occurred in vitro were 
thought to be the same as those that occurred in vivo. 
However, this concept was challenged by the fact that some 
individuals with factor deficiencies failed to show r a bleeding 
tendency, as would be expected if the initial theories were 
correct. A good example of this situation is factor XII defi¬ 
ciency, in which test results for the intrinsic coagulation path¬ 
way are markedly prolonged, yet no abnormal bleeding 
tendency is detected. The initial work also focused predomi¬ 
nantly on the plasma proteins, often ignoring the vital contri¬ 
bution of cellular elements to the dotting process. 

All coagulation factors and cofactors are synthesized in the 
liver and circulate in the plasma in an inactive form, factors 
II, VII, IX, and X are considered vitamin K dependent because 
they must undergo vitamin K-dependent post-translational 
modification (gamma carboxylation) before becoming hemo- 
statically active. 1 
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Coagulation Cascade 

Until recently the predominant concept of coagulation 
that of a cascade that could be divided into the intrinsic, 
extrinsic, and common pathways. An understanding of this 
theory is helpful to the clinician, because it reflects the pro- 
cesses that occur with the commonly run coagulation assays. 
Figure 273-1 shows the intrinsic and extrinsic pathways. The 
extrinsic pathway was relegated to a relatively minor role. The 
name extrinsic is based on the fact that initiation of clotting 
with this pathway required the addition of tissue thrombo¬ 
plastin, a substance that does not normally occur in blood, to 
the test sample. Tissue thromboplastin consists of phospho¬ 
lipid membrane that contains tissue factor. The addition of 
tissue thromboplastin resul ts in the conversion of factor VII to 
factor Vila, which proceeds to form factor Xa from factor X, 
thereby initiating the common pathway (Figure 273-2) and 
ultimately leading to the formation of fibrin. 

The one-stage p rothrombin time (OS PT) tests the extrin - 
sic system. For this test, an excess of tissue thromboplastin 


is added to the blood sample, and the time that elapses until 
a clot forms is noted. One reason the extrinsic system was 
relegated to a minor role was that individuals with hemophilia 
have normal OS FT values; also, with the intrinsic pathway, 
it was possible to initiate clotting without the 
tissue factor. 2 

The intrinsic pathway is initiated by the contact system, 
which consists of factors XII and XI, high-molecular-weight 
kinogen, and prekailikrein; initiation occurs with exposure to 
a negatively charged surface. Both the activated clotting time 
(ACT) and the activated partial thromboplastin time (aPTT) 
test this part of the clotting cascade. Individuals with 
hemophilia have markedly prolonged aPTT times, because 
factors VIII and IX are part of the intrinsic pathway. 

The common pathway is initiated by activation of factor X, 
which forms a complex on a phospholipid membrane surface 
with factor V, factor 11 (prothrombin), and calcium. This 
complex, referred to as prathrumbinase, then generates throm¬ 
bin. The presence of factor V accelerates the generation of 
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Figure 273-1 Intrinsic and extrinsic pathways of coagulation. The intrinsic pathway is initiated 

by conversion of factor XII to factor XII a, whereas the extrinsic pathway is activated by the 
version of factor VII to factor Vila, 
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results in the generation of small amounts of the active factors 
Xa and IXa. Factor Xa combines with tissue factor pathway 
inhibitor (TFPI) to rapidly stop further generation of active 
factors by the factor VIla-tissue factor complex. 3 

Continued coagulation depends on pathways other than 
those that initiate clotting. 2 A possible explanation for this is 
that the thrombin generated initially is able to activate factor 
XI to factor XIa, and the dotting cascade then can proceed as 
classically outlined. Because factor XI can be activated 
directly by thrombin, it becomes clear that contact activation 
is not a prerequisite for in vivo clotting. It may also be that 
factor IX plays a vital role in promoting further clotting. 
Factor IX becomes fully activated when both factor Xa and 
the factor Vlla-tissue factor complex deave off parts of the 
molecule. Once factor IXa has been formed, it can lead to fur* 
ther factor Xa generation and thereby to thrombin formation. 

Despite its promise, the revised theory of coagulation 
leaves many questions unresolved, including the variable 
bleeding tendency seen with factor XI deficiency. 

A possible explanation for the inability of the revised 
theory to explain all the clinical abnormalities seen may be 
that the theory focuses solely on the coagulation factors and 
thus does not account for the various cellular components 
involved in hemostasis, 4 These cellular components differ 
in their receptors and other properties, which allows for a 
different coagulation response when the cellular component 
varies, even if the plasma protein constituents remain the 
same* An example of this is tissue factor The amount of tissue 
factor expressed does not solely determine how effectively 
a cell can initiate coagulation; the process also depends on 
the cell's ability to support prothrombinase assembly, 4 Given 
the complex interactions among cells, coagulation proteins, 
and inflammatory mediators, it is not suiprising that our 
understanding of the basic physiologic process of clotting is 

incomplete. 

Inhibitors of Coagulation 

When coagulation is required, it is vital that it be prevented 
from becoming a widespread event in the organism; it must be 
limited to the area where the insult has occurred. A variety of 
mechanisms help inhibit coagulation, and the most important 

of these is antithrombin III [AT HI), When complexed with 

endogenous heparin sulfate or exogenously administered hep¬ 
arin, AT III rapidly inactivates thrombin. It can also inactivate 
Xa and IXa effectively, unlike other activated factors. Each 
molecule of AT ill is consumed with inactivation of a factor. 
Continued generation of factor Xa by the factor Vlla-tissue 
factor complex is blocked by TFPI* TFPI is present in plasma 
and also can be released by activated platelets. 

The protein G-protein S system inactivates factors Va and 
Villa. Both of these proteins are vitamin K dependent and 
are located on the surface of the endothelial cells. They are 
activated when thrombin is bound to thrombomodulin. 
Thrombomodulin-bound thrombin is no longer active as a 
procoagulant molecule, yet it still is able to cleave protein C, 
thereby activating it. 2 

Fibrinolysis 

Along with activation of coagulation, the mechanisms that 
degrade the clot and allow form ation of scar tissue also are acti¬ 
vated. The degradation of fibrin is mediated by plasmin, which 
is generated by the action of plasminogen activators on plas¬ 
minogen* Tissue plasminogen activator (t-PA) and urokinase- 
type plasminogen activator (u-PA) are the main types of 
activators that occur naturally in dogs and cats. Streptokinase, 
also a pi asminogen activator, is produced by certain streptococci. 

When a clot forms, plasminogen is incorporated into the 
clot. The presence of thrombin causes the endothelium to 
release t-PA. The affinity for plasminogen is low without 
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Figure 273-2 The common pathway of coagulation is initiated 
when factor X is converted to factor Xa by either the intrinsic or 
the extrinsic pathway* 


thrombin several hundredfold. Thrombin binds fibrinogen 
and converts it to soluble fibrin monomers. The monomers 
polymerize and are cross-linked by factor XIIla to form insol¬ 
uble fibrin. 

Revised Theory of Coagulation 

The current understanding of the clotting process has resulted 
from a variety of observations. Traditionally, the intrinsic 
system has been considered more important than the extrin¬ 
sic pathway, because it could proceed without requiring the 
addition of a substance not usually present in the circulation* 
A challenge to this assumption arose when some individuals 
from various species were found to be deficient in the contact 
system. These individuals had markedly prolonged aPTT 
results but no detectable predisposition to bleeding. The 
extrinsic system also was not thought to be important 
because, as mentioned previously, individuals with hemophilia 
have normal OS FT values despite a marked bleeding ten¬ 
dency* This is seen when the OSPT test is run in the standard 
fashion, in which an excess of tissue thromboplastin is used* 
When less thromboplastin is used, individuals with hemophilia 
also have prolonged coagulation times. These observations, 
combined with new research tools that allowed dotting to be 
studied in more detail, led to a major revision in the theory of 
how dotting is initiated and sustained. It would be surprising 
if the current theory remains unaltered in the future. 

Factor VII activation is seen as the initiating event for dot¬ 
ting tit tnvo. Factor VII activation occurs when tissue factor is 
present. Tissue factor is expressed by cells underneath the 
endothelium, therefore trauma results in dotting. Other cells, 
such as monocytes and endothelial cells, also can express 
tissue factor when stimulated by such substances as cytokines 
and endotoxin. This explains why coagulation abnormalities 
are so common with a variety of inflammatory and infectious 
conditions. Production of the factor Vlla-tissue factor complex 
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a cofactor being present. However, when t-PA is associated 
with fibrin, it has high catalytic efficacy for cleaving plas¬ 
minogen, 2 The action of t-PA is predominantly limited to the 
vascular space, whereas u-PA acts more extravascularly. Once 
pi asm in has been formed, it begins to degrade fibrin. This 
results in the production of various fibrin degradation prod¬ 
ucts, Some of these degradation products are specific to fibrin, 
some can also be produced when fibrinogen is cleaved. 

Excessive fibrinolysis also must be prevented, and this is 
achieved through two main processes: alpha 2 -antiplasmin 
inactivates free plasmin rapidly (although it is much less 
active against fibrin-bound plasmin), and tissue plasminogen 
activa tor inh ib itor 1 (PA1 -1) inactivates t-PA and u-PA. 


Vitamin K—Dependent Factor Deficiency 

Vitamin K-^dependent factor deficiency is a rare inherited 
coagulation defect involving all the vitamin K—dependent fac¬ 
tors (H, VII, IX, and X) that has been described in Devon rex 
cats. 18 it probably is an autosomal recessive trait. Bleeding is 
severe in affected animals, which show prolongation of both 

the OSPT and aPTT. 

Other Coogulopathies 

Various other factor deficiencies have been reported in dogs 
and cats, 1 - 16 but these problems are rarely seen in practice. 


DIAGNOSIS 


INHERITED HEMOSTATIC ABNORMALITIES 


A variety of tests are available for diagnosis of hemostatic 
abnormalities, some of which can be performed in a practice 
setting. Most coagulation tests require specialized equipment 
and extensive experience, therefore most of them must be 
performed in a reference laboratory, A variety of bedside coag¬ 
ulation monitors have been evaluated for use in veterinary 

medicine. 19 

In-house evaluation of coagulation abnormalities certainly 
can include the activated clotting time (ACT). This test 
requires that 2 mL of blood be drawn into a tube containing 
diatomaceous earth as a contact activator. The tube is incu¬ 
bated at 37° G The ACT evaluates the intrinsic and common 
pathways of coagulation. Prolongation of the ACT may be 

with hemophilia A or B, factor XI or factor XII defi¬ 
ciency, vitamin K-antagonist rodenticide intoxication, and 
heparin therapy. The ACT relies on platelet phospholipids for 
coagulation, therefore severe thrombocytopenia can lead to 
increased values. Reported normals were 64 to 95 seconds and 
67 to 85 seconds in dogs and 65 seconds or less in cats. 20 ^ 2 
Hemostatic testing requires collection of a sample of opti¬ 
mum quality. Venipuncture that involves multiple passes 
through tissue to obtain a sample is not appropriate for coag¬ 
ulation testing. Holding the vein off too long also can lead to 
activation of platelets and the fibrinolytic system. The tissue 
packed into the needle acts to activate coagulation prema¬ 
turely. Hemolysis and severe lipemia (which often causes 
hemolysis) can also prevent accurate results. It often is prefer¬ 
able to use vacuum tubes for collection and to use the first 
sample for tests other than coagulation. The most commonly 
used anticoagulant is sodium citrate, and the ideal ratio is one 
part citrate to nine parts blood. The sample should be 
promptly centrifuged and the plasma harvested. The plasma 
then should be frozen in a plastic or siliconized glass tube. 
Plasma should be shipped frozen, because coagulation factors 
rapidly become inactivated at room temperature. 

Reference laboratories can perform two valuable clotting 

time tests, the aPTT, which tests intrinsic function, and the 
OSPT, which tests extrinsic function. These tests are also 
available with point-of-care devices. It is important to 
remember that reference ranges vary among laboratories and 
testing methodologies, therefore no universally applicable ref¬ 
erence ranges are available. The aPTT tests many of the same 
factors as die ACT but is considerably more sensitive. A pro¬ 
longed aPTT with a normal OSPT is a common finding with 
hemophilia or factor XII deficiency. A prolonged OSPT with 
a normal aPTT usually is 
nists have been recently ingested; factor VII deficiency is 
extremely rare. The OSPT predominantly tests the function of 
factor VII, the coagulation factor with the shortest half-life, 
as well as common pathway deficiencies. Both the aPTT and 
OSPT are prolonged with vitamin K deficiencies, severe liver 
disease, and disseminated intravascular coagulation and when 
vitamin K-antagonist rodenticide poisoning occurs more than 
12 to 24 hours before testing. 


Inherited disorders of hemostasis can involve coagulation 
factor deficiencies, defects of platelet adhesion resulting from 
decreased levels of von Willebrand factor (vWF), defective 
platelet function, and blood vessel defects. Inherited coagula¬ 
tion defects related to various coagulation factor deficiencies 
have been reported in dogs and cats. These defects may be 
inherited or may arise de novo as a result of a genetic mutation. 


Hemophilia A (Factor VIII Deficiency) 

The most commonly seen congenital coagulation abnormality is 
hemophilia A, The bleeding tendency associated with this dis¬ 


ease is a result of a deficiency in functional factor VIII.5*® Factor 
' II is located in the intrinsic pathway and acts to significantly 
increase the rate at which EXa generates factor Xa. With a lack 
of factor VIH activity, less fibrin is formed; this results in the 
typical signs of a coagulopathy, such as body cavity bleeding and 
large hematomas. Hemorrhage into joints may occur as well. 
An initial platelet plug may form, but fibrin reinforcement for 
the plug is delayed, reduced, or absent, and the result is rebleed¬ 
ing. Hemophilia A is inherited as a X-linked recessive trait, 
meaning that most affected individuals are male. This form of 
hemophilia occurs in humans, dogs and occasionally in cats, 10 
The severity of the bleeding is variable. Generally, factor VIII 
activity must be less than 5% of normal for bleeding to 
spontaneously. Hemorrhage can be severe and occasionally 
fatal; this is not uncommon in the neonatal period. Patients 
with hemophilia A have a prolonged aPTT and a normal OSPT 
A definitive diagnosis is made by specific factor assay 


occur 


Hemophilia B (Factor JX Deficiency) 

Hemophilia B, or Christmas disease, has also been described in 
dogs and cats, 1144 The disease is caused by a sex-linked defi¬ 
ciency of factor IX, which is a vitamin K-dependent factor. 
Factor IX is responsible for activation of factor X. Hemophilia B 
has been identified in at least 19 breeds of dogs as well as 
mixed breeds. 15 The Weeding tendency seen with this disease 
is variable but can be severe. As with hemophilia A, the aPTT 
is prolonged without prolongation of the OSPT. Definitive 
diagnosis depends on specific factor assay. If serum is added to 
the plasma on which the aPTT is run, the prolongation will 
correct, because serum contains factor IX. 16 

Factor XII Deficiency (Hageman Trait) 

Occasionally an incidental prolongation of the aPTT in cats is 
detected, although a bleeding tendency is not present. This 
finding results from low levels of factor XII, also called 
Hageman factor, an important part of contact activation 
in vitro. This deficiency generally does not compromise 
hemostasis, 17 The condition is inherited as an autosomal 
recessive trait and has been found in dogs as well 1 ; it also is a 
norma] finding in some marine mammals, birds, and reptiles. 16 
Factor analysis is required to make a definitive diagnosis. 


only when vitamin K antago- 
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A variety of other assays are available through reference 

laboratories. Specific factor analysis can be run. It is vital that 
the laboratory that runs the factor analysis have considerable 
experience with veterinary samples, because there can be 
discordant results if the same protocols are used as in 
humans. 


administration of medications. It is also important to avoid 
medications that can interfere with primary hemostasis, such 
as nonsteroidal anti-inflammatory drugs and phenothiazmes. 

Treatment of inherited disorders of hemostasis consists of 
transfusion therapy which generally is instituted only when 
life-threatening hemorrhage is present or prior to surgery. 
Which type of transfusion is most appropriate depends on the 
patient's presenting signs. If anemia is present, use of fresh 
whole blood may be expedient, because it replaces red cells 
and coagulation factors. If anemia is not present, the use of 
plasma is preferred. Fresh frozen plasma contains all the coag¬ 
ulation factors in their active form and can be used to treat 
any coagulopathy Slowly thawing fresh frozen plasma and 
decanting off the supernatant generates cryoprecipitate and 
cryosupematant. Cryoprecipitate contains factor VIII, fibrino¬ 
gen, and vWF in high concentrations. This makes cryopre¬ 
cipitate the blood component of choice for therapy of 
von Will ebrand disc ase, fib rinogen deficiency, and hemophili a A. 
The highly concentrated nature of cryoprecipitate allows the 
coagulation factors from many units of plasma to be transfused 
without the worry of volume overload Cryosupematant can 
be used in the treatment of coagulopathies that do not involve 
the factors removed in the cryoprecipitate. 


TREATMENT 


Treatment of hemostatic abnormalities requires careful assess¬ 
ment and determination of the particular abnormality. Many 
of the diseases described are not amenable to cure, and at best 
short-term control is possible. An exception is the combined 
vitamin K-dependent factor deficiency in which vitamin K 
supplementation can normalize the clotting ability. In humans 
there is considerable interest in developing gene therapy for 
most of these inherited coagulation disorders. Currently this is 
not an option in pets, therefore the goal is to control clinical 

signs and avoid situations in which bleeding may occur. It is 
especially important to avoid trauma in an animal with bleed¬ 
ing tendencies, especially trauma produced iatrogenically 
throu gh bi opsy, surgery venipuncture, restraint, or intramuscul ar 


274 


CHAPTER 


Acquired Coagulopathies 


Robert JVL DuFort 
Linda Matros 


VITAMIN K DEFICIENCY 


The vitamin K-dependent coagulation factors (II, VH, EX, 
and X) are synthesized by the liver as inactive proteins, which 
contain glutamyl residues that must be carboxylated for the 
proteins to become active. The carboxy 1 ation reaction 
requires reduced vitamin K. As the coagulation proteins 
become carboxylated, vitamin K is oxidized by the enzyme 
vitamin K epoxidase to become vitamin K epoxide. To car¬ 
boxyl ate other coagulation protein molecules, the vitamin K 
epoxide must again be reduced by vitamin K epoxide reductase. 


Vitamin K deficiency is one of the most commonly encoun¬ 
tered acquired coagulopathies in veterinary medicine. Vitamin K 
is required for the activation of a group of proteolytic 
enzymes known as serine proteases, which include coagulation 
factors II, VTI, IX, and X, and the anticoagulant proteins C and S. 
If left untreated, vitamin K deficiency results in alterations in 
the extrinsic, intrinsic, and common coagulation pathways and 

ultimately clinically manifests as bleeding. 

Vitamin K is a fat-soluble vitamin found in three forms: 
K\ (phytonadione), K 2 (menaquinone), and K 3 (menadione), 
Vitamin K| is found in green, leafy vegetables and vegetable 
oils. It is absorbed via the lymphatics in the proximal small 
bowel. Bile acids and dietary fats facilitate absorption of vita¬ 
min Kj. Vitamin K is also synthesized by microflora in the 
ileum and colon. Vitamin K 2 is a synthetic form. Oral doses 
are absorbed via capillaries in the colon. The daily require¬ 
ment of vitamin K is small (T25 pg/kg/day in the dog), and 
the liver stores several days' supply. Consequently, animals fed 
a commercial diet rarely experience vitamin K deficiency 
(Box 274-1). 

Antagonism of vitamin K is by far the most common cause 
of vitamin K deficiency. Vitamin K antagonism is brought 
about by the ingestion of anticoagulant rodenticides. 
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Conditions Associated unth Vitamin K Deficiency 


Neonate bom to malnourished mother 
Decreased synthesis of vitamin K by intestinal microflora 
(due to chronic antibiotic therapy) 

Decreased vitamin K absorption 
Complete bile duct obstruction 
Pancreatic exocrine insufficiency 
Lymphangiectasia 
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Inactive (non-carboxylated) coagulation factor 
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Figure 274-t Vitamin K carboxyl ation cycle. 
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Anticoagulant rodenticides act by inhibiting vitamin K epox¬ 
ide reductase. As a result, vitamin K epoxide and inactive 
(noncarboxylated) coagulation factors accumulate in the blood 

(Figure 274-1 i. The half-lives of coagulation factors II, Vll, IX, 
and X are short (41,6 + 2, 33.9, and 16,5 hours, respectively). 

Anticoagulant rodenticides were developed as a 
the observation of an acquired coagulopathy in cattle that had 
ingested moldy sweet clover, A coumarin derivative in sweet 
clover is converted to dicoumarol by a fungus. The first- 
generation anticoagulants, warfarin and pindone, were devel¬ 
oped for vermin control and as human antithrombotic 
medicines after this discovery. The second-generation antico¬ 
agulant rodenticides (bromadiolone, brodifacoum, and dipha- 
cinone) are more potent because of their longer half-lives and 
lower incidence of acquired drug resistance. Despite the longer 
half-lives of the second-generation anticoagulant rodenticides, 
poisoning of companion animals that ingest poisoned rodents 
is an uncommon event. Various concurrently administered 

drugs (Box 274-2) and coexisting conditions (Box 274-3) may 

exacerbate the toxicity of anticoagulant rodenticides. 

To diagnose anticoagulant rodenticide poisoning, the clini¬ 
cian must assess the history and clinical signs and evaluate the 
results of appropriate laboratory tests. The histories of poten¬ 
tially poisoned pets vary from direct observation of ingestion 
to the passing of suspicious material in the feces. Potential 
exposure to anticoagulant rodenticides may be a relative 
certainty or may be unknown, depending on the animal's 
environment. The onset of clinical signs normally occurs 2 to 
5 days after ingestion of the anticoagulant rodenticide, and 
signs may escalate quickly after they are first detected. 
Clinical signs are the restilt of hemorrhage, which may vary 
from mild to severe. Severe hemorrhage can result in hypo¬ 
volemia and organ dysfunction. Bleeding into the thoracic 
cavity or cranium is especially critical. 

Laboratory test results may be normal or abnormal 
depending on the amount of anticoagulant ingested and the 
time elapsed since ingestion. The first laboratory test to show 
an abnormal (prolonged) result is the PFVKA (proteins 
induced by vitamin K absence or antagonism) test, followed 
by the prothrombin time (PT), and eventually the partial 
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thromboplastin time (PTT). The PFVKA test, a sensitive 
indicator of anticoagulant rodenticide ingestion, may be pro¬ 
longed as early as 12 hours after ingestion; the PT may require 
36 to 72 hours to become abnormal. The PT is affected by 

numerous other coagulation disorders, such as disseminated 
intravascular coagulation (DIG), hepatic disease, and heredi¬ 
tary factor deficiencies. In contrast, die PIVKA test is sensitive 
primarily to the presence of precursor proteins, which accu¬ 
mulate in the absence of vitamin K. Comparison studies have 
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shown that the PIVKA test has greater sensitivity and speci¬ 
ficity than both the PT and the activated partial thromboplas¬ 
tin time (aPTT) in the diagnosis of dogs with anticoagulant 

poisoning. 

Measurement of the anticoagulant rodenticide in the 
serum or tissues of an animal confirms the diagnosis of anti¬ 
coagulant toxicosis. High-performance liquid chromatography 
and gas chromatography tests capable of identifying specific 
anticoagulants are available in many diagnostic laboratories. 
The results of these tests are not compromised by previous 
therapy with vitamin K, therefore a diagnosis can still be made 
even in successfully treated animals. 

Therapy varies with the stage of the disease. With an acute 
known ingestion, emetics, adsorbents, and cathartics are used 
to minimize absorption. Most clinicians choose to begin vita¬ 
min K therapy even in asymptomatic patients regardless of 
the success of attempts to limit absorption. Vitamin Kj is the 
treatment of choice. The initial treatment is administration of 
vitamin Kj by subcutaneous injection at a dosage of 2.5 to 
5 mg/kg. The dose should be divided and given in several sites. 
Oral vitamin K] therapy follows in 6 to 12 hours, at a dosage 
of 1.25 to 2.5 mg/kg given twice daily. If absorption of the 
rodenticide is thought to be minimal, treatment may be 
discontinued after 7 days. The PT should be tested 48 hours 
after termination of therapy. If the PT is prolonged, the 
patient is treated with oral vitamin Kj for 2 more weeks. If the 
initial post-therapy PT is normal, a second PT test should be 
done 48 hours later. If the second post-therapy PT is normal, 
vitamin K therapy may be terminated. 
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Potential Sequelae of Neoplasia That May Resub 

in Thrombosis or Hemorrhage 


Th rom bocytopenio 
Th rom bo pothy 

Di ssem inerted i ntra va sc u I or caa g ulotion 
Microangiopathy 

Endothelial invasion by neoplastic cells 
Treatment with chemotherapeutic agents 


A prospective evaluation of coagulation tests in cats with 
different types of liver disease showed the PIVKA test to be 
more sensitive than either the PT or the aPTT for evaluating 
cats at risk for increased bleeding. Hepatobiliary disease, 
which disrupts enterohepatic circulation of bile acids, leads to 
a depletion of coagulation factors and an increase in procoag¬ 
ulant proteins (PIVKAs) by decreasing the intestinal absorp¬ 
tion of vitamin K. The degree of vitamin K deficiency parallels 
the severity of liver disease and the probability of clinically 
significant bleeding. Because the PIVKA test is the first 
coagulation test to become abnoimal in states of vitamin K 
deficiency, it appears to be superior to either the PT or APTT 
in identifying cats at risk for increased hemorrhage from liver 

disease. 


LIVER DISEASE 


NEOPLASIA 


The liver is critical to coagulation homeostasis. It is the site of 
synthesis of most of the procoagulants (clotting factors], the 
anticoagulants (antithrombin III, alpha 2 -macroglobulin, 
alpha|-antitrypsin, alpha]-acid glycoprotein, and proteins C 
and S), and the fibrinolytic proteins (plasminogen, plasmino¬ 
gen activators, plasminogen proactivators, antiplasmins, and 
inhibitors of plasminogen activators and proactivators). Liver 
disease may result in hemorrhage caused by decreased coagu¬ 
lation factor synthesis, synthesis of abnormal coagulation fac¬ 
tors, or excessive consumption. Ironically, even the most 
severe liver disease is rarely accompanied by bleeding. There 
are several reasons for this. The liver produces a large quantity 
of coagulation factors. Fibrinogen, for example, can be mea¬ 
sured in concentrations up to 0.4 g/dL in the plasma of 
normal animals. It is commonly stated that coagulation factor 
concentrations must fall below 15% for coagulation to be 
compromised. Edema and anasarca due to hypoalbuminemia, 
which occur at 75% to 80% liver compromise, are rarely 
accompanied by bleeding, even with provocation (liver 
biopsy).The liver also has a tremendous regenerative capacity 
and can return to normal function after many acute hepa- 
topathies. Some coagulation factor concentrations actually 
increase with liver disease (i.e., fibrinogen, factor V, and von 
Wiliebrand factor [vWF]). The liver also is the largest 
macrophage-containing organ in the body, with tremendous 
phagocytic activity capable of rapidly clearing activated coag¬ 
ulation factors and products of fibrinolysis (fibrin degradation 
products [FDPs]}, 

Although 66% to 85% of patients with hepatopathies have 
abnormal results on one or more coagulation tests, fewer than 
2% actually develop hemorrhage. When bleeding occurs, it 
usually is associated with concurrent disease (thrombocyto¬ 
penia, thrombopathy, or cardiovascular disease). Factors that 
determine wheffier liver disease results in hemorrhage are the 
nature and severity of the disease and the rate of onset. 


Neoplastic disease may result in thrombosis or bleeding by 

several mechanisms (Box 274-4). 

In dogs with mammary carcinoma, abnormalities in one or 
more coagulation tests are found in two thirds of the patients. 
The frequency of abnormal test results correlated with the 
stage of disease. Dogs with stage III or stage IV neoplasia had 
the highest number of abnormal test results. 

Chemotherapeutic agents may further exacerbate bleeding 
tendencies (Table 274-1). Studies have shown that up to 83% 




Table 274-1 


Ch emo therapeutic Agents Thai May Affect 
Coagulation 


drug 


MECHANISM 




Bleomycin, CCNU, cytosine 
arabmoside, metphalan, 
methotrexate, platinum, 
doxorubicin, Actinomycin D 
Vincristine, vinblastine 
Melphalan, vincristine 
L-Asparaginase 


Th ro m bocytope n io 


Thrombocytosis 

Thrombopathy 

Inhibition of protein 

(dotting factor) synthesis 
Vitamin K antagonism 
Dysfibrinogenemra 
Increased fibrin and 
fibrinogen lysis 


Actinomycin D 

Melphalan 

Doxorubicin, daunorubicin 
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of untreated dogs had laboratory evidence of abnormal 
coagulation. In cats with neoplasia, 20% had coagulation 
abnormalities. Among the patients with abnormal laboratory 
results, thrombocytopenia was most common (36%), followed 
by a prolonged FIT (32%), and altered fibrinogen concentra¬ 
tions (25%), Canine lymphoma/leukemia and hem angiosar¬ 
coma are neoplasms that 
hemostatic abnormalities. Treatment of the hemorrhage must 
first a ddress th e inciting cause, the neop Iasi a. 


of slow or occluded blood flow, such as veins. At the other 
extreme are platelet, or white, thrombi, which form in areas 
of high blood flow, such as at heart valves. They are composed 
primarily of platelets and fibrin. Mixed thrombi are an inter¬ 
mediate type found primarily in the pulmonary vasculature. 

The clinical signs of a thrombus depend on the organ 
affected, but they are ultimately due to compromised blood 
flow to the organ. The thrombus may occlude blood flow 
locally, or a portion of the thrombus may break free and lodge 
downstream, where the vessel caliber is smaller and the blood 
flow slower. Pulmonary thrombosis is associated with acute 
dyspnea. Renal arterial thromboembolism may be associated 
with acute renal failure. Detection of thromboemboli is difficult 
without specialized diagnostic techniques, such as angiography, 
venography, Doppler ultrasonography, or ventilation-perfusion 
scintillation scans. The results of routine coagulation tests 
such as the FT and PTT may be shortened, but they often 
are within normal limits. For this reason, an awareness of 
conditions that may result in a hyperco agul able state (e.g., 
glomerulonephritis) must be kept in mind. 

With glomerulonephritis, severe proteinuria may ensue. 
One of the proteins lost is antithrombin IIS (AT III), which is 
about the size of albumin. AT III can be measured in many 
university and commercial laboratories. AT III levels 
good predictor of the potential for thrombi formation. AT III 
values between 60% and 75% are associated with an increased 
risk of thrombosis. Values less than 60% are often associated 
with irreversible organ damage Other specialized laboratory 
tests, such as the chromogenic factor VII assay, platelet aggre¬ 
gation assays, and protein C assay, may be performed is some 
university coagulation laboratories. 

Treatment is directed toward reducing thrombogenesis, in 
addition to thrombolytic therapy Reduction of thrombogene¬ 
sis is achieved with anticoagulant therapy (heparin and war¬ 
farin) and reduction of platelet function through the use of 
platelet inhibitors (aspirin, dipyridamole, and ticlopidine). 
Thrombolytic therapy includes the use of tissue plasminogen 
activator (t-PA), streptokinase, or urokinase. Heparin therapy 
depends on an adequate plasma concentration of AT III. With 
a low AT III concentration, one or more plasma transfusions 
may be required for heparin to be effective. Coumadin and 
other warfarin products inhibit vitamin K-dependent coagu¬ 
lation factors, but they require several days to achieve file 
desired effect. 


commonly associated with 


ACQUIRED INHIBITORS OF COAGULATION 


Acquired anticoagulants are uncommonly recognized in vet¬ 
erinary medicine. These inhibitors may be directed against one 
or more specific coagulation factors. 

There are several types of inhibitors. The most common 
type comprise the immunoglobuhns of the IgG class. They 
occur most often in patients receiving multiple whole blood 
or plasma transfusions. These immunoglobulins have also 
been associated with therapy with certain drugs (e.g., peni¬ 
cillin, phenytoin) and with immune-mediated diseases (e.g., 
systemic lupus erythematosus), liver disease, lymph op rolifer- 
ative diseases, DIG, and other conditions. They may result in 
abnormal coagulation test results, thrombosis, or hemorrhage, 
depending on the coagulation factor against which they are 
directed. 

immunoglobulins should be suspected when coagulation 
test abnormalities do not fit the clinical presentation. Prior 
administration of antithrombotic drugs or improper sample 
collection must be ruled out. Because their effect on coagula¬ 
tion test results occurs by a mechanism different from that 
p rodu ced by a factor defid ency, they may be i de ntified with a 
plasma mixing procedure. If a factor deficiency is present (i 
hemophilia A or B), the addition of plasma from a species- 
specific pool corrects the coagulation screening test. This 
procedure does not correct coagulation test results if an 
inhibitor is present. 

In contrast to the immunoglobulin class of inhibitors, non- 
spedfic inhibitors are not targeted on any single coagulation 
factor; rather, they interfere with the interactions of clotting 
factors on a phospholipid surface. These nonspedfic inhibitors 
affect the a PTT more than the PT and also fail to correct in 
mixing studies. The release of heparin, as can be seen with 
canine mast cell tumors, and metal]oproteinases (found in 
snake venom”' are other examples of acquired coagulation 
inhibitors. 




same 




DISSEMINATED INTRAVASCULAR COAGULATION 


IP- 


Disseminated intravascular coagulation (DIG), also called con - 
su mptive coagulopa thy, is th e end result of systemic thrombo¬ 
sis. It is a well-recognized dinical syndrome in dogs but is 
rarely diagnosed in cats. DIC is always a secondary disease. 
The intiting causes of DIC are the same as those for throm¬ 
bosis. The primary disease causes widespread thrombosis, 
which results in the consumption of clotting factors and 
platelets and initiates uncontrolled fibrinolysis. These distur¬ 
bances in the coagulation system lead to massive hemorrhage^ 
tissue hypoxia, organ failure, and often death. DIC may be 
acute and uncompensated or chronic and compensated. 
Laboratory test abnormalities may vary, depending on the cur¬ 
rent stage of disease. DIC may be seen in up to 50% of dogs 
with splenic hem angiosarcoma. Hyperthermia is one of the 
inciting diseases that may have a more favorable prognosis, 
because this condition can be treated fairly rapidly. Death is 
coming if organ dysfunction from thrombi or anemia sec¬ 
ondary to hemorrhage is severe. 

The five objectives of the treatment of DIC are: (1) to 
ensure adequate tissue perfusion, (2) to eliminate the initi¬ 
ating cause, (3) to support target organs susceptible to 


THROMBOSIS 


A delicate balance must be maintained between procoagu¬ 
lant, anticoagulant, and fibrinolytic factors. A change in the 
blood flow, vascular endothelium, or coagulation factors can 
result in thrombosis as well as hemorrhage. Thrombophilia is a 
term that describes the hypercoagulable (prethrombotic) 
state, which may be due to a familial, congenital, or acquired 
abnormality that results in a predisposition to thrombosis. 
Thrombosis is a secondary disease process associated with many 
primary diseases, including immune-mediated hemolytic 
anemia, hyperadrenocorticism, protein-losing enteropathy, 
systemic amyloidosis, and canine parvovirus. 

Pulmonaiy thromboembolism (PTE) has been observed in 
up to 30% of canine cancer patients. A retrospective study of 
dogs diagnosed with autoimmune hemolytic anemia (AIHA), 
foun d eviden ce of thromboemb olism in 2 0 of 2 5 do gs necrop- 
sied. The type of thrombi that forms depends on local blood 
flow characteristics. Coagulation, or red, thrombi are primar¬ 
ily made up of red blood cells and fibrin. They occur in areas 
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microthrombi, ischemia, and hemorrhage, (4) to replace 

blood components, and (5} to provide heparin therapy 

Clinically suspected cases of DIG can he verified by labo¬ 
ratory testing. Typically, the patient's platelet count drops, and 
the aPTT, PT, and thrombin time (IT) increase. Fibrin degra¬ 
dation products (FDPs) are elevated, and the fibrinogen level 
is decreased from its previous value, A retrospective survey of 
252 dogs diagnosed with DIG showed thrombocytopenia 
(86%), a prolonged PT (61%), an increased aFTT (92%), an 
increased TT (32%), and increased FDPs (95%). Interestingly, 
on examination of red cell morphology, schistocytes were 
noted in only 10% of the cases. 

Traditionally, assays for FDPs were used to diagnose and 
manage disseminated intravascular coagulation. However, 
these assays lacked specificity, because they used polyclonal 
antibodies against fibrinogen, fibrin, and fibrin fragments. 
They also required serum samples collected in special FDP 
tubes, because heparin interfered with the test. For these 
reasons, interest is growing in a newer test, the D-dimer test. 
D-dimer is a protein formed as a result of plasmin degradation 


of cross-linked fibrin. During blood coagulation, fibrinogen is 
converted to fibrin by the action of thrombin. The resulting 
fibrin monomers polymerize to form a insoluble gel of non¬ 
cross-linked fibrin. This fibrin gel is further converted to cross- 
linked fibrin by thrombin-activated factor XIII to form an 
insoluble fibrin clot. Production of plasmin, the major elot- 
lysing enzyme, is triggered by the formation of a fibrin clot. 
Although fibrin and fibrinogen are both cleaved by plasmin to 
yield FDPs, only degradation products from cross-linked fibrin 
contain D-dimer. Therefore an elevated D-dimer level is a 
specific marker of clot lysis. This test has an extraordinary neg¬ 
ative predictive value. In other words, a negative D-dimer test 
excludes DIG with a confidence level of 99.5%. The test can 
be run in the clinic by a semiquantitative rapid latex aggluti¬ 
nation method using blood samples collected in ethylenedi- 
amine tetra-acetic acid (EDTA) or heparin. Although the rapid 
latex agglutination test lacks the necessary sensitivity for reli¬ 
able diagnosis of pulmonary thromboemboh, recently a more 
sensitive enzyme-linked immunosorbent assay (ELISA)-based 
assay has become available and is showing promise in this area. 
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pelcer-hu£t anomaly 


ollectively, leukocytes are identified in the peripheral 
blood as granulocytes [neutrophils, eosinophils, and 
basophils) and mononuclear cells (monocytes and 
lymphocytes;. These cells actively participate in the innate 
and adaptive immune system. The activity or morphology 
of leukocytes can be affected by drug therapy, toxins, infec¬ 
tious organisms, neoplastic disorders, and/or hereditary 
factors. 

Leukocyte disorders occur in dogs and cats, from neonates 
to aged animals, and cause a variety of clinical features rang¬ 
ing from normal to moribund. In addition, combinations of 
morphologic and/or functional abnormalities can occur, rang¬ 
ing from unique morphology with no clinical consequence to 
normal morphology associated with severe clinical signs. 

Neutrophilic or lymphocytic cell functions are usually 
impaired in functional abnormalities, and morphologic 
changes often include all leukocytes. 

Most leukocyte disorders are rare and are reported once 
and/or are observed in a specific breed Je.g., smoke blue 

Persian cats, gray collies, Jack Russell terriers, Irish setters), 
implicating a specific hereditary pattern associated with the 

signalment of the particular breed. The history and physical 
examination, therefore, often provide important initial infor¬ 
mation about an abnormality. 

Treatment often is unnecessary for morphologic anomalies 
and is unavailable or impractical for lethal diseases associated 
with leukocytes. Therefore identification of these anomalies 
and disorders is important, so as to avoid unnecessary diag¬ 
nostic testing and treatments. 


C 


Heterozygous Pelger-Huet anomaly (P-H) is a benign congen¬ 
ital disorder of leukocyte development. It is thought to be 
transmitted as an autosomal dominant trait in dogs and cats; 
however, incomplete penetrance has been observed in 
Australian shepherds. 1 - 2 The heterozygous form is present in 

dogs and cats because the homozygous form is lethal in utero. 
The homozygous phenotype is characterized by skeletal 
abnormalities in rabbits; however, the rare humans with P-H 
homozygotes appear normal and have survived into their 
nineties. 1 

The distinguishing cytologic characteristic of P-H is 
hyposegmentation of nuclei in granulocytes and monocytes in 
the presence of a fully mature, coarsely clumped chromatin 

pattern. 1 Nuclear morphology often is variable; the nuclei 

may be round, oval, dumb-bell shaped, peanut shaped, band, 
or even bilobateJ The bilobate shape consists of two nuclear 
lobes connected by a fine filament, often referred to as a pince- 
nez or eyeglass form nucleus. 1 Careful attention to granulocyte 
morphology and the presence of hvposegmented nuclei in 
eosinophils and other cell lines may yield indications of this 
anomaly. Female Barr bodies are absent or extremely rare 

in P-H. 1 

Pelger-Huet anomaly has been reported sporadically in 
both mixed-breed and purebred dogs, including Australian 
shepherds; cocker spaniels; German shepherds; English- 
American (Walker) foxhounds; Boston terriers; Australian 
cattle dogs (blue heelers); border collies; basenjis; black and 
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blue tick, and redbone coonhounds; and Samoyeds. 1 
An incidence of 9.8% has been reported for Australian shep¬ 
herds. 2 P-H has been reported in only eight domestic short- 
hair c ats. 1 

Biochemical assays are normal in P-H dogs, including nitro- 
blue tetrazolium (NBT) dye reduction, hexose monophosphate 
shunt activity, superoxide generation, chemiluminescence, 
protein iodination, phagocytosis, and bactericidal activity. 1 

Cytochemical staining with Sudan black B, naphthol ASD 
chloracetate esterase, peroxidase, alkaline and add ph osph atase, 
alpha-naphthyl-acetate esterase, and periodic add-Schiff (PAS) 
has not detected abnormalities in dog neutrophils. 1 

Ultrastructurally, nudear changes associated with P-H in dude 
nudear hyposegmentation, nudear clefts, coarse heterochromatin, 
and normal cytoplasmic granules. 1 

Hematologic Manifestations 

Hematologic manifestations of P-H often are reported as a 
persistent degenerative left shift without toxic changes. These 
findings are unexpected on a routine complete blood count 
! CBC) from a clinically normal animal. 1 Earlier precursors, 
such as myelocytes, metamyelocytes, and bands, may be 
reported; however, the chromatin of these cells is fully 
matured (well clumped). 1 Because P-H often is confused with 
a degenerative left shift, it is of practical importance that the 
anomaly be recognized. Unnecessary, expensive, and poten¬ 
tially invasive laboratory tests and treatments can be avoided 
with proper diagnosis. Many dogs are treated with a variety of 
antibiotics without response because of this suspected degen¬ 
erative left shift. A veterinary clinical pathologist can assist in 

the diagnosis of P-H, 

P-H must he differentiated from pseudo-P-H, which often 
is a transiently acquired condition that resolves with proper 
diagnosis and treatment. 1 Pseudo-P-H has been associated 
with a number of diseases, including various fonms of leukemia 
and preleukemic conditions, and with drug therapy, such as with 
antineoplastic drugs and ibuprofen. 1 Drug-associated changes 
are idiosyncratic and resolve after treatment is withdrawn. 

Treatment 

Treatment of P-H is not necessary because neutrophil function 
is not altered. 


yellow, or light yellow-green). Many affected cats also have 
congenital cataracts and a red fundi c light reflection (com¬ 
pared to the yellowish green of normal Persian cat fundi), as 
well as less ftrndic pigmentation. 4 Tapetal regions may not be 
apparent, and the underlying choroidal vasculature is only 
partly visible. 4 The tapetal defect is associated with tapetal 
rod degeneration in tapetal cells in 2- to 4-week-old kittens. 3 
Abnormal auditory brain stem responses have been the only 
neurologic abnormalities identified in CHS cats. 7 

Although the gene abnormality associated with CHS has 
not been identified in cats, it has been defined as the homolo¬ 
gous beige gene in mice and humans, which is a 5 lulobase pair 
deletion, 3 The function of this gene is unknown. 3 CHS 
hypothesized to be caused by microtubular formation abnor¬ 
malities, but this has been disproves 3 

Hematologic Manifestations 

Hematologic ally neutrophils, eosinophils, and basophils con¬ 
tain enlarged, lightly eosinophilic cytoplasmic granules that 
can be observed with Wright s staining (Romanowsky stain). 3 
Occasionally monocytes and lymphocytes may contain 
a single eosinophilic cytoplasmic granule. 3 Histologically, 
melanocytes in hair shafts contain enlarged melanin granules, 
and renal tubular epithelial cells contain enlarged granules. 

Prolonged bleeding times (three times normal), manifested 
as hematomas after surgical procedures, are the result of 
a platelet storage pool defect (SPD), Impaired platelet aggre¬ 
gation associated with a virtual absence of adenosine diphos¬ 
phate (ADP) and serotonin (dense granules) may account for 
the abnormal aggregation. 3 Platelet counts and coagulation 
times (prothrombin time [PT] and partial thromboplastin 
time [ PTT]) are within reference intervals . 4 

Diagnosis 

A presumptive diagnosis can be made by observation of 
a Persian cat with a tight blue smoke color, lightly colored 
irises, red ftindic reflection, depigmented fundic area, and 
bleeding tendencies, 4 Also, a hair shaft examination can be 
performed. Hair is extracted from a cat suspected of having 
CHS and from a normal cat. The hair shafts are placed on 
a microscopic slide, immersion oil is added, and a cover slip 
is gently pressed over the hair shafts. 4 Examination under low 
or high dry power reveals that, unlike the normal hair shaft, 
the hair of the CHS cat shows enlarged, clumped melanin 
granules. 4 j 

With Romanowsky staining, CHS cytoplasmic granules 
neutrophils appear as light eosinophilic inclusions that must 
be differentiated from Dohle bodies associated with 
trophil toxicity. 4 If the composition of the granules is in ques¬ 
tion, the differentiation can be made using peroxidase staining 
(CHS granules stain black). 4 

Treatment ^ 

Cats with CHS do not require continuing treatment; however, 
great care should be taken to control hemorrhage due to the 
platelet SPD and prolonged bleeding times. Platelet transfu¬ 
sions can temporarily correct the bleeding time if surgical pro¬ 
cedures are to be performed. 3 Long-term correction of 
neutrophil and platelet function in CHS is possible only 
through bone marrow transplantation (BMT). 3 BMT per¬ 
formed in cats has corrected the neutrophil and platelet 
defects, but no effect has been seen on lysosome distribution 
in liver or kidney cells. 3 Neutrophil function improves tem¬ 
porarily after treatment with recombinant canine granulocyte- 
colony stimulating factor rcG-CSF) or interleukin-2 (IL-2) 
in cats. 3 

Although the blue smoke coat color is quite beautiful 
in Persian cats with CHS, this is an undesirable trait to prop¬ 
agate. Breeders should be counseled against using affected 
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chIdiak-hjgashi syndrome 


in 


Chediak-Higashi syndrome (CHS) is a rare inherited autoso¬ 
mal recessive trait found in humans; beige mice; rats; Arctic 
foxes; a killer whale; Hereford, Japanese black, and brangus 
cattle; mink; and smoke blue Persian cats. 3 5 This syndrome 
has not yet been identified in dogs. 

CHS is typically characterized by partial oculocutaneous 
albinism, photophobia, neurologic abnormalities, bleeding 
abnormalities, and recurrent infections, which generally result 
in death at an early age. 3 Some researchers have not observed 
an increased tendency to develop infections in CHS cats, but 
a colony of CHS cats demonstrated neonatal kittens that 
markedly more susceptible to infections (bacterial, viral), 
and some died from hemorrhage, which contributed to 
a lower average survival time compared with normal cats. 6 
Susceptibility to bacterial infections is associated with multi¬ 
ple defects in the defense system. Neutropenia occurs as 
a result of impaired marrow release of mature neutrophils. 

Defective intracellular killing of phagocytosed bacteria also 
is a factor. 3 

Persian cats with the hereditary genes for CHS have a “blue 
smoke" coat color that is lighter than the blue smoke coats of 
Persian cats without CHS. 4 Ocular abnormalities also are pre¬ 
sent, such as photophobia and lighter irises (light green, light 
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cats or carrier cats, which are phenotypicafiy normal. Because 
CHS is an autosomal recessive trait, both the sire and 
dam that produce offspring affected with CHS are obligate 
carriers and should be removed from the breeding stock. 
Administration of drugs that affect platelet function, such as 
cyclo-oxygenase inhibitors, is contraindicated in CHS cats, 3 


granulocytopoiesis (production and release of neutrophils). 
Continued marrow stimulation and inability of neutrophils to 
adhere result in a persistent leukocytosis (primarily neu¬ 
trophilia) that occasionally is greater than ]CK),OQQ/|iL. , ° 
Neutrophil function also was found to be altered by defective 
bactericidal activity, reduced glucose oxidation by the hexose 
monophosphate shunt, and increased capacity to reduce NBT 
dye, 5 


CANINE LEUKOCYTE ADHESION DEFICIENCY 


single nucleotide missense mutation, 
resulting in failure to express detectable beta 2 -in te grin CD 18, 
is responsible for clinical disease in Irish setters. 10 GDI lb also 
is absent in affected Irish setters, but CD 11 c expression was 
not different from that in control dogs. Whether CD 11 b is 
absent because of lack of expression or because of the absence 
of CD 18 is unknown. 11 


The presence of 


Canine leukocyte adhesion deficiency (CLAD) is a fatal 
defect inherited as a homozygous autosomal recessive trait in 
Irish setters and rare Irish setter-cross-breed dogs. It is charac¬ 
terized by a defect in neutrophil adhesion and function. 
Heterozygous dogs appear healthy in all respects. Initially, this 
trait was reported in 1975 as canine granulocytopathy syn¬ 
drome, 8 An Irish setter had persistent soft tissue infections, 
lymph adenopathy, omphalophlebitis, gingivitis, and persistent 
profound leukocytosis (primary neutrophilia). 8 

A 1987 case report identified an Irish setter-cross that did 
not express leukocyte Mol, leukocyte function-associated 
an tigen-1 (LFA-1), or Leu M 5 glycoproteins using CD 11 /CD 1S 
antibodies, indicating a common beta 2 -integrin subunit disor¬ 
der. 8 A defect in neutrophil chemotaxis, induced aggregation, 
and phagocytosis of opsonized particles also were detected in 
this dog. 5 

Clinical Features 

Clinical, radiologic, and pathologic information was obtained 
from a study of 12 Irish setter puppies 8 to 15 weeks of age 
from six different fitters. 9 These dogs presented with general¬ 
ized lymph adenopathy, gingivitis, salivation, skin lesions 
(ulcers and local dermatitis), generalized pain, weakness, 
recurrent fever, vaginitis, poor weight gain, an orexi a, em adation, 
furunculosis (without the formation of a neutrophilic exu¬ 
date), dull hair coat, and lameness with bone lesions (thickened 
mandibula, distal radius, ulna, tibia, and fibula), AD the dogs in 
the study were euthanized and underwent postmortem exam¬ 
ination. Histopathology of affected tissues showed a lack of 
neutrophil infiltration (impaired neutrophDic exudate forma¬ 
tion). 9 CLAD dogs do not respond well to antibiotic therapy 
and thus rarely five beyond 6 months. 9 

Pathologic Features 

Neutrophils in dogs with the homozygous form of this hered¬ 
itary trait have a deficiency of leukocyte surface glycoproteins 
associated with leukocyte adherence and egress into sur¬ 
rounding tissues. 8 - 9 These ceUs appear morphologically normal 
by light microscopy. Dogs present within weeks of birth with 
associated clinical signs. 

The family of glycoproteins referred to as beta 2 -integrins 

(CD ll/CD 18) consist of alpha subunits (CD 11 a, CD lib, 
CD 11c, CD lid) noncovalentiy bonded with a common beta 
subunit (CD 18), 10 These subunits make up CDlla/CD18 

(LFA-1; a L p z ), CDl]b/CD18 (Mac-1/Mo-1; ct^, CD 11c/ 
CD18 (gp 150,95; a x ft>), and CDlld/CDlS (o*p 2 ) cell 

surface receptors, 1 CDS glycoprotein is critical to formation 
of the integrin heterodimers for cell-cell adhesion events. 8 '* 011 
In addition, beta 2 -integrin heterodimer CDllb/CD18 serves 
as major receptor for C3b opsonic complement and is nec¬ 
essary for phagocytosis and respiratory burst activation. 
Heterozygous dogs have normal expression of CD! Ib/CDIS, 
Failure to express beta 2 -integrin CD 18 is the reason neu- 
trophOs are unable to adhere to vascular endothelium and 
transmigrate in response to released chemotactic factors in 
inflamed tissues. Because neutrophils cannot adhere to the 
endothelium, they do not reach the site of infection or inflam¬ 
mation. Recruitment signals from infected or inflamed tissues 
continue to cause the release of cytokines, stimulating 


Diagnosis 

An oligonucleotide ligation assay (OLA), which detects the 
missense mutation of GDI 8, was developed to identify carri¬ 
ers of this lethal gene. 12 In one study, screening of 208 Irish 
setters in the United Kingdom identified 19 carriers, or a 9% 
carrier rate. 12 This mutation has not been detected in any 
other breed in which OLA screening was performed. 10 
Another study that tested 339 Irish setters from 10 countries 
(Scandinavia, continental Europe, and Australia] using 
a newly developed pyrosequencing technique to identify 
a single mutation in the beta 2 -integrin gene (CD 18) gene, 
supported the previous single mutation concept found with 
OLA. 12 The pyrosequencing technique identified 72 het¬ 
erozygous carriers, as weB as two homozygous dogs, which 
eventually developed CLAD. 12 The pyrosequencing tech¬ 
nique also identified carriers and indicated widespread pres¬ 
ence of the disorder in many countries. 12 Genetic testing using 
pyrosequencing can identify heterozygous dogs for removal 
from breeding lines. Recently, a case of CLAD in an Irish 
setter-cross was identified using polymerase chain reaction 
(PCR) testing, and carrier status was identified during a PCR 
survey in a number of distandy related red and white setters. 8 
This PCR detection test identified the same mutation in all 
CLAD dogs previously tested. 8 

Treat me nt 

No effective treatment has been found for this disorder. 




CYCLIC HEMOPOIESIS 




Cyclic hemopoiesis (CH), also known as cyclic hematopoiesis, 
cyclic neutropenia, or gray collie syndrome , is a lethal, autosomal 
recessive, hereditary disease of gray collies associated with a 
dilute haircoat. The condition was first described in the 1960s 
as the “lethal gray syndrome," and a similar disorder is still 
called cyclic neutropenia (CN) in human medical texts. CH is 
a unique disease that affects the marrow p I u ri poten ti al stem 
ceU; it disrupts normal hemopoiesis, an effect characterized by 
cyclic changes in neutrophil, monocyte, platelet, eosinophd, 
and reticulocyte numbers. 13 Heterozygous dogs have a normal 
coat color and do not have clinical signs of CH. 

Hematologic Manifestations 

Marked neutropenia that occurs in cycles of 12 to 14 days is 
associated with severe recurrent bacterial infections at the 

nadir. 13 Neutrophils may be completely absent from the 
peripheral circulation for 2 to 4 days, an interval followed by 
neutrophilia as high as 70,000/pL. 13 Monocytes, eosinophils, 
lymphocytes, and platelets also cycle at 14-day intervals 
with normal to high cell counts but are out of phase with 
neutrophils with absent to high fluctuating cell counts. I3 M 
Interestingly, hemopoietic growth factors such as erythropoietin, 
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thrombopoietin, granulocyte colony-stimulating factor [G-CS F), 
IL-1, and IL-6 concentrations also fluctuate in this disorder. 13 
A microcytic, normochromic anemia is present on the CBC 

Changes in marrow aspirates, which occur in an alternating 
myeloid to erythroid ratio pattern, precede changes in the 
peripheral cell counts, suggesting a m arrow stem cell disorder. 13 

Clinical Features 

CH dogs all have gray or diluted coat color, often are smaller 
than Attenuates at birth, and usually present at 6 to 8 weeks 
of age with recurring episodes of neutropenia, accompanied 
by clinical signs such as fever, gingivitis, gingival ulcers, lym- 
phadenopathy, excessive bleeding, pneumonia, ocular and 
nasal mucopurulent discharge, diarrhea, subcutaneous 
abscesses, conjunctivitis, keratitis, adenitis, anorexia, weight 
loss (malabsorption), lethargy, and intermittent lameness, 13 ' 15 
Neonatal deaths may result from omphalophlebitis or pneu¬ 
monia. 13 Younger dogs with CH often die of overwhelming 
infection; those housed in a laboratory setting often die of 
hepatic and renal amyloidosis associated with organ failure. 15 
Systemic amyloidosis is a prominent feature in CH and has 
been found in dogs as young as 8 weeks old; nearly 100% of 
dogs older than 30 weeks are affected. 14 Organs affected 
include the kidneys, liver, spleen, pancreas, adrenal glands, and 
intestinal submucosa, 15 Amyloidosis has been attributed to 
cyclic activation of the acute-phase response by cytokines pro¬ 
duced during periods of monocytosis, with interrelated hor¬ 
monal, immune, and endocrine interactions, 13 Serum amyloid 
A protein, as well as fibrinogen, von Will eb rand factor, and 
other acute-phase proteins, are produced and circulated 
during the monocytosis. 13 Rarely do affected gray collies reach 

sexual maturity. 15 

Pathologic Features 

The definitive pathogenesis of CH in gray collies is unknown; 
however, impaired marrow progenitor cell survival in CN in 
humans has been observed, and a defect in G-CSF signal 
transduction has been suggested. 1617 In addition, ultrastruc- 
tural, genetic, and molecular studies in humans with CN sug¬ 
gest that the disorder is due to mutations in a neutrophil 
azurophilic (primary) granule enzyme, neutrophil elastase 
(ELA-2). 16 - 17 A 75% decrease in early myeloid-committed 

colonies associated with accelerated spontaneous apoptosis 
was observed compared with controls. It was concluded that 
ineffective production of neutrophils is due to accelerated 
apoptosis of bone marrow progenitor cells, with conforma¬ 
tional changes in protein structure resulting in alterations in 
subcellular functions or substrate specificity and/or binding 
properties of neutrophil elastase. 

Although the hereditary pattern of CN is autosomal dom¬ 
inant in humans and autosomal recessive in gray collies, simi¬ 
lar marrow and genetic changes may occur, but this remains 

to be proved. 

CH in gray collies appears to be a hormonally inter-related 
disease with wide fluctuation of cytokines and responsive 
changes in the marrow. Furthermore, CH can be transferred to 
healthy dogs by BMT, which supports the theory of a disorder 
of the pluripotential stem cell. 13 

CH dogs also have a platelet storage pool disease character¬ 
ized by a 1 ack of dense granules (serotonin and Ca 4: ), resulting 
in aggregation defects; however, prolonged bleeding times have 
not been reported. 13 Administration of rcG-CSF corrects the 
hemopoietic fluctuations but does not correct the SPD, which 
suggests that these defects are not secondary to CH. 13 

Treatment 

Fluctuations of all cell lines resolve in CH dogs treated 
with rcG-CSF, with neutrophilia occurring at higher doses. 


Also, recombinant canine stem cell factor (rcSCF) at high 
doses (i.e,, equal to or greater than 20 pg/kg/24 hours) elimi- 
nated neutropenic periods and blunted oscillations, but 
trophilia only occurred at doses of 100 pg/kg/24 hours. 38 
Treatment with a combination of rcSCF (20 to 50 pg/kg/ 
24 hours) and rcG-CSF (0.5 to 1.0 (ig/kg/24 hours) indicated 
a synergistic effect, with neutrophil counts above those of 
either drug given separately. 18 Long-term therapy was effec¬ 
tive without untoward side effects. The risk of neutralizing 
antibody formation can arise with chronic administration of 
recombinant human G-CSF (rhG-CSF). 13 Early BMT elimi¬ 
nates cell cyclin g an d produces a clinical cure. Trea tment with 
lithium or endotoxin injections eliminates cell cycling, but 
unwanted side effects can occur. Administration of granu! ocyte- 
macrophage colony-stimulating factor (GM-CSF) and IL-3 
a dministration are mildly effective but do n ot prevent cycling. 
Glucocorticoids, androgens, and intravenous gamma globulin 
are ineffective at treating this condition. 14 ' 1516 

CH is a highly undesirable trait in collies. Because it is an 
autosomal recessive trait, both the sire and dam that produce 
affected offspring are obligate carriers amj should be removed 
from the breeding stock. Heterozygous dogs are phenotypi- 
eally normal, therefore breeders should be counseled against 
using carriers. Laboratory tests are not available, and test 
mating is the only method of identifying carriers. Gray collies 
may not appear at every breeding; therefore, for a dog to be 
declared free of this trait, it must be mated with a known het- 
erozygote and produce 16 normal pups. This is both expen¬ 
sive and impractical. 

Normal canine neutrophil elastase deoxyribonucleic acid 
(DNA) sequence has been reported, and studies are ongoing 
to determine if the ELA-2 gene in CH has mutations similar 
to those in humans with CN. A PCR test may be developed, 
and a more practical, inexpensive test to identify heterozy¬ 
gous dogs may be offered. Testing has been done only on 
humans affected with CN and has not been used to identify 
carriers of this trait. 


neu- 


BIRMAN CAT NEUTROPHIL GRANULATION 
ANOMALY 




Birman cats are an exotic, long-haired breed with Siamese- 
type coloring and four distinctive white paws. Neutrophil 
granulation anomaly is a hereditary trait characterized by 
increased granularity of neutrophils. It is transmitted in 
autosomal recessive manner in purebred Birman cats. 5 ' 19 Th e 
cytoplasm of affected neutrophils contains numerous fine, 
normal-sized, deep pink to purple granules that appear similar 
to azurophilic granules found in promyelocytes. Neutrophil 
function is not compromised. 19 Normally, azurophilic gran¬ 
ules become indistinct with Romanowsky stain in the myelo¬ 
cyte stage of development but seem to persist throughout the 
maturing process in this anomaly. 19 

Ultrastructurally, granules are elongated and dumb-bell 
shaped and do not stain for mucopolysaccharides. Bactericidal 
activity is no different from that of unaffected neutrophils, 
and other peripheral leukocytes appear morphologically 
normal. 19 Neutrophilic cytoplasmic granules observed in cats 
with certain mucopolysaccharide storage diseases (MPS types 
VI and VIf) appear larger. 19 The abnormality therefore was 
concluded to be an alteration in the contents of cytoplasmic 
granules, with increased affinity for acid dyes without clinical 
consequences, 19 Treatment is not necessary, because func¬ 
tional abnormalities are not noted. The main concern is to dif¬ 
ferentiate this anomaly from MPS (types VI and VII} and 
toxic granulation. 5 A study of 78 highly inbred Birman cats 
found that 46% of the cats were affected. 19 
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lymphocyte development at the prolymphocyte stage; the 
result is nonfunctional B and T lymphocytes, agammaglobu¬ 
linemia and, consequently, SOD. 23 

Treatment 

Bone marrow transplantation is the only option; however, 
gene therapy appears promising for future treatment. 


HYPEREOSINOPHIUC SYNDROME 


Hypereosinophil ic syndrome (HES) is a disease of unknown 
origin that occurs primarily in cats. It is questionable whether 
the disorder occurs in dogs, although one case of disseminated 
eosinophilic disease similar to idiopathic HES was recently 
reported. 20 Characteristics of this disease are persistent 
peripheral eosinophilia and organ infiltration by eosinophils, 
which eventually cause organ failure and death. 2122 The bone 
marrow, spleen, liver, mesenteric lymph nodes, and gastro¬ 
intestinal tract were the organs reported to contain eosinophilic 
infiltrates most frequently 21 22 Difficulty arises in distinguishing 
between HES and eosinophilic leukemia (EL), because the two 
conditions may be variants of the same disease. 21 In one study, 
a female predisposition for HES was reported in cats (male to 
female ratio of 4:11), 21 

Hematologic Manifestations 

The presentations of HES and EL are similar. Peripheral 
blood eosinophil examination and bone marrow aspiration 
may be helpful in differentiating the disorders. With EL 
there often are more immature eosinophils in the periph¬ 
eral blood, which results in a more severe anemia. The 
myeloid to erythroid (M:E) ratio in bone marrow is greater 
than 10:1. 2 *' 22 Peripheral eosinophil counts in HES range 
from 3500/pL to 130,000/pL, and the cells appear mature. 
Occasionally, mild anemia also is present. 21 22 

Clinical Features 

Clinical signs, which 
the organ or organs affected, include diarrhea, weight loss, 
anorexia, pyrexia, and pruritus. 21 - 22 It is difficult to establish 
the longevity of cats with HES; however, some cats may have 
exhibited clinical signs related to HES for 3.5 years. 22 

Physical arid Pathologic Features 

Physical findings 
loops, abdominal masses, lymph adenopathy, and/or cutaneous 
disorders. As mentioned previously, the organs most com¬ 
monly infiltrated with eosinophils are the bone marrow, gas¬ 
trointestinal tract, spleen, mesenteric lymph nodes, and liver, 
but any organ can be affected. 21 - 22 

Treatment 

HES is a progressively fatal disease that has no effective treat* 
ment. However, Gleevec (imatinib mesylatem, formerly 
ST1571) has been used in humans with excellent results. 
Corticosteroids, hydroxyurea, and alpha interferon also have 
been used in humans with variable results; however, when 
these drugs are effective, unwanted side effects are common. 


CANINE X-LINKED SEVERE COMBINED 
IMMUNODEFICIENCY 


Canine X-iinked severe comb ined immunodeficiency (X-SC I)) 
is an autosomal recessive, lethal, inherited trait with some 
unique modes of inheritance. Female carriers of the X-SCID 
gene typically appear normal. They contain only one copy of 
the yc gene and are unable to produce normal protein, but 
they have a second ^normal'' gene that produces adequate pro¬ 
tein for normal function. 24 Because males retain only one 
copy of the X chromosome, they cannot produce normal pro¬ 
tein when the abnormal gene is inherited, and thus are 
affected. Because transmission of only one X chromosome is 
necessary for this trait to appear, carrier females need not 
breed with an affected male. 24 


Clinical Features 

Affected dogs are male, fail to thrive, and present with recur¬ 
rent or chronic infections near the time of waning maternal 
antibodies. 24 Clinical signs are more evident as the pups get 
older. Recurrent infections, which begin around 6 to 8 weeks 
of age, include pyoderma, diarrhea, and respiratory infec¬ 
tions, 24 Infections are usually bacterial, are unresponsive to 
antibiotics, and eventually become overwhelming systemic 
infections. 24 These dogs rarely survive beyond 3 to 4 months 
of age and usually die of a generalized staphylococcal infec¬ 
tion. 24 Several X-SCID dogs, inadvertently vaccinated with 
a modified live distemper virus vaccine, died rapidly of vacdne- 
induced distemper. 24 One dog raised in a gnotobiotic environ¬ 
ment developed acute monocytic leukemia at 20 months of 
age. 

Pathologic Features 

A small, dysplastic thymus that weighs about 10% that of age- 
matched controls is the primary feature of X-SCID dogs. 24 

Immunologic Abnormalities 

Although X-SCID dogs have reduced lymphocyte counts, 
profound lymphopenia is not a prominent finding (counts 
commonly are greater than 1000/pL). 24 When tested by 
fluoresce nee-activated cell sorting (FACS) analysis, newborn 
X-SCID dogs have peripheral lymphocyte phenotypes con¬ 
sisting of elevated B cells and markedly reduced or absent 
T cells. 24 Absolute numbers of peripheral T cells are decreased 
even though the relative percentages are normal. 24 The 
T- lymphocyte blastogenic response to T-cell mitogens and 
specific antigens is markedly depressed to absent. 24 X-SCID 
dogs also are hypogammaglobulinemic. Concentrations of 
immunoglobulin M (IgM) are normal, but IgG concen¬ 
trations are dramatically reduced, and IgA antibodies 
absent. 24 


relatively nonspecific and vary with 


variable and include thickened bowel 


24 




SEVERE COMBINED IMMUNODEFICIENCY 
IN IACK RUSSELL TERRIERS 




Severe combined immunodeficiency (SCID) was recently 
described as an autosomal recessive trait in a litter of Jack 
Russell terriers. Twelve of 32 siblings died of opportunistic 
infections between 8 and 14 weeks of age, 23 An additional 
Utter was whelped, and four of seven pups displayed SCID, 
characterized by lymphopenia, agammaglobulinemia, thymic 
dysplasia, and peripheral lymphoid aplasia, 23 A deficiency of 
DNA-dependent-protein kinase catalytic subunit (DNA- 
PKcs), an enzyme involved in DNA repair, occurs. 23 DNA- 
PKcs deficiency results in faulty V(D)J recombination. 23 
Combinations of the V(D)J gene segment recombinations are 
very important for diversification of anti gen-bin ding sites of 
antibodies. 23 Blocking of this V(D)J recombination arrests 


Treatment 

Bone marrow transplantation is the only treatment option for 
complete resolution of this disorder in dogs; however, gene 
therapy may be promising in the future. Transplantation has 
been attempted with some success, but these dogs developed 
cutaneous papillomas within I year. 24 An understanding of 
the hereditary and genetic basis of X-SCID and proper client 
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and breeder counseling are highly recommended to control 
eliminate this disorder in future generations. 


involving antibody and cell-mediated responses of unknown 
origin associated with recurrent infections and malignancy. 27 

Clinical Features 

The mean age of clinical onset was 3 years (range, 4 months 
to 8 years], 27 The clinical presentation involves several organ 
systems and includes intermittent fever, recurrent skin infec¬ 
tions, respiratory infections, and gastrointestinal abnormalities, 
including ulcerative colitis. Several dogs developed intestinal 
adenocarcinoma, lymphoma, and paracortical lymphocyte 
depletion, 27 

Immunologic Manifestations 

Deficiencies in immunoglobulin concentrations, specifically 
IgM, IgA, and occasionally IgG, were identified, 27 B- and T-cell 
abnormalities were observed in affected dogs, including defi¬ 
ciencies in lymphocyte proliferation that occurred concur¬ 
rently with normal or increased percentages of T- and B-cell 
lymphocytes, decreased median stimulation index of blasto- 
genesis, and decreased in vitro responsiveness of peripheral 
blood mononuclear cells to poke weed mitogen. 27 Also, when 
serum from affected Shar Peis was added to cell cultures from 
normal dogs, a suppressive effect was seen. 27 

Even with the variety of clinical presentations, nearly all 
affected dogs were characterized by a common deficiency 
involving cell-mediated and immunoglobulin deficiencies, 27 

Diagnosis 

Assessment of the immunologic profile, along with the signal- 
ment, history, and clinical data, helps identify affected Shar 
Peis, However, given the high prevalence of healthy Shar Peis 
with low IgA concentrations, this finding alone cannot identify 
affected immunodeficient dogs. 27 

Treatment 

Supportive care is the current treatment and should be given 
until the cause of this disorder can be completely classified. 


or 


DEFECTIVE NEUTROPHIL FUNCTION IN THE 
DOBERMAN PINSCHER 


Eight intensively line-bred Doberman pinschers developed 
chronic respiratory disease (rhinitis and pneumonia) and 
occasional skin disease (seborrhea sicca). 25 In all the dogs, neu¬ 
trophils were normal in number and appearance. 24 The neu¬ 
trophils were found to have normal phagocytosis but 
defective bactericidal activity, as determined by the NBT 
test . 2 B Immunoglobulins were normal to increased; lympho¬ 
cyte function was normal for the mitogens in seven of eight 
dogs; neutrophil chemotaxis was normal; and complement C 3 
concentrations were increased. Superoxide production was 
normal, except that opsonized zymosan stimulation produced 
less superoxide than in controls. 25 

Treatment 

Many of these dogs survived for years and responded well to 
intermittent antibiotic therapy for recurrent bacteria) infec¬ 
tions of the respiratory tract. 25 The mode of inheritance was 
not determined due to inadequate pedigree and documenta¬ 
tion. 24 The actual cause of the disorder was not determined. 
The condition somewhat resembles chronic granulomatous 

disease (CGD) 

those diseases are usually life-threatening, unlike the disease 
in these Dobermans. 25 


C 3 b receptor deficiency in humans, but 


or 


LETHAL ACRODERMATITIS IN BULL TERRIERS 


Lethal acrodermatitis in bull terriers is an autosomal recessive, 
inherited lethal trait with similarities to lethal trait A46 in 
Black Pied Danish cattle and acrodermatitis enteropathica in 
humans, 26 

Clinical Features 

Lighter pigmentation at birth, growth retardation, progressive 
acrodermatitis, chronic pyoderma, chronic paronychia, diar¬ 
rhea, pneumonia, and behavioral changes are observed on pre¬ 
sentation, with historical evidence of deglutition and 
disordered mastication. 26 Behavioral changes include early 
aggressiveness, diminished activity, and prolonged staring at 
objects. These dogs have a median survival time of 7 months. 26 
Laboratory findings include neutrophilia, consistently low 
alkaline phosphatase (observed in zinc deficiency) and alanine 
aminotransferase activities, low serum zinc concentrations, 
and frequent hypercholesterolemia* 26 

Pathologic Features 

Skin lesions include parakeratosis, hyperkeratosis, and pyo¬ 
derma. T-lymphocyte numbers were significantly reduced 
in lymphoid tissues. 26 Lymphocyte bIastogenesis responses 
were decreased, and dysgammaglobulinemia was present. 
Neutrophilic, phagocytic, and bactericidal activities were 

normal. 26 


IMMUNODEFICIENCY OF WEIMARANERS 


Weimaraners affected with immunodeficiency have been 
reported, including an initial inbred group with thymic abnor¬ 
malities and growth hormone deficiency. 28 Many other 
weimaraners subsequendy were described with in vitro neu¬ 
trophil abnormalities and decreased IgG and IgM. 29 One dog 
also had neutrophilic phagocytic dysfunction. 30 Affected 
weimaraners present with varying but recurrent infections 
that occasionally respond to antibiotics, but these dogs often 
die of recurrent infections within a year. Inbreeding has not 
been noted except in the original thymic deficiency group; 
however, one sire was implicated in five affected dogs (includ¬ 
ing two pairs of litter mates) and also was the grandsire of two 
other affected dogs, 3S Siblings of this dog also produced two 
affected dogs. 31 Obvious genetic associations are present, and 
many abnormalities have been identified, but no single spe¬ 
cific disorder. The recurrent nature of this disorder may indi¬ 
cate a periodicity to the defect, which potentially makes 
specific detection difficult. 31 

Clinical Features 

Weimaraners are presented for veterinary care between the 
ages of 3 and 42 months (average age is 10 months). Body 
condition and size are normal, but the dog has a variety of dis¬ 
orders, including acute onset of high fever; profound depres¬ 
sion; vomiting; diarrhea; pain in the joints, spine, or abdomen; 
lymphadenopathy; bleeding tendencies, mainly in the form of 
epistaxis; hematemesis; melena; hematochezia; hematuria; 
dacryohemorrhysis (bloody tears); marked congestion and 


26 
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Treatment 

No effective treatment has been described. The response to 
high-dose zinc supplementation was poor. 26 


, 1 . - 


IMMUNODEFICIENCY OF SHAR PEIS 


Immunodeficiency of Chinese Shar Peis is a recently 
described, late-onset, multiple immunodeficiency syndrome 
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VI, and VII; GMj-gangliosidosis; GM 2 -gangliosidosis; and 
fucosidosis. 

Leukocytes in MPS I, VI, and VII must be differentiated 
from toxic changes in neutrophils and from Birman cat neu¬ 
trophil granulation anomaly. 

Sphingomyelinosis has been reported in Siamese, Balinese, 
and domestic shorthair cats, as well as in boxer dogs and 
a miniature poodle. The disease is caused by a deficiency of 
sphingomyelinase, which results in accumulation of sphin¬ 
gomyelin, cholesterol, and gangliosides in the brain, liver, 
spleen, and bone marrow. Large, vacuolated macrophages may 
be observed in the peripheral blood. 

Alpha-mannosidosis, reported in Persian, domestic short- 
hair, and domestic longhair cats, is caused by a deficiency of 
alpha-mannosidase, which leads to accumulation of mannose 
oligosaccharides in the central nervous system, skeleton, and 
spleen. Lymphocytes, granulocytes, and monocytes in periph¬ 
eral blood appear vacuolated . 32 

MPS 1 occurs in Plott hounds, other breeds of dogs, and 
domestic shorthair cats. This LSD is caused by a deficiency of 
alpha-L-iduronidase. Some observers have reported small, 
pink granules in neutrophil cytoplasm. 33 

MPS VI is reported in Siamese cats and in miniature 
schnauzers, miniature pinschers, and Welsh corgis. This LSD is 
caused by a deficiency of ary 1 su)fatase. Peripheral neutrophils, 
lymphocytes, basophils, eosinophils, and monocytes are 
affected. The cytoplasm of neutrophils often appears foamy 
and contains uniform small, metachromatic granules, often 
within a vacuole. 32 Lymphocytes in MPS VI have been divided 
into three distinct types: normal appearing, those containing 
vacuoles with small, dark, metachroma tic granules; and a few 
containing empty vacuoles. 32 Nearly all monocytes contain 
vacuoles, and a moderate percentage have dark granules in 
these vacuoles. 32 Eosinophils contain cytoplasmic vacuoles, 
and basophils contain large, reddish purple cytoplasmic inclu¬ 
sions or granules. 32 Basophils have the largest granules. 

MPS VII, reported in the dog and domestic shorthair cat, is 
caused by a deficiency of beta glucuronidase. Neutrophils and 
lymphocytes contain deep purple cytoplasmic inclusions that 
should not be confused with toxic changes. Granules stain 
purple with toluidine blue dye. 

GM |-gangliosidosis has been reported in domestic short¬ 
hair, Korat, and Siamese cats, as well as in English springer 
spaniels, Portuguese water dogs, beagles, and Alaskan huskies. 
It is caused bv a deficiency in beta galactosidase. Lymphocytes 
contain small, distinct, clear cytoplasmic vacuoles. 33 

GM 2 -gangliosidosis, reported in domestic shorthair and 
Korat cats and in German shorthaired pointer dogs, is caused 
by a deficiency of beta hexosaminidase. Neutrophils contain 
dark blue granules, and lymphocytes contain prominent 
azurophilic cytoplasmic granules. 33 

Fucosidosis of English springer spaniels is caused by a defi¬ 
ciency of alpha-L-fucosidase. The lymphocytes of these dogs 
contain cytoplasmic vacuoles. 33 


ulceration of mucous membranes; conjunctivitis; pedal pyo¬ 
derma; recurrent subcutaneous masses thought to be associ¬ 
ated with subcutaneous injection sites; and neurologic signs 
(ataxia, disorientation, head pressing, seizures and Homer 
syndrome}. Episodes of sickness occur every 2 weeks to 
7 months, with clinically normal intermediate periods or 
incomplete recovery. The recurring episodes of clinical illness 
often respond rapidly to antibiotics and/or corti c osteroids but 
eventually become unresponsive, and death usually occurs 
within 1 year. 31 

Hematologic Manifestations 

Leukocytosis is observed, ranging from 31,000/pL to 
64,200/pL, with a distribution of 72% to 92% neutrophils 

(mature and immature). 31 White blood cell {WBC counts 
between episodes are normal or mildly elevated. Normal 
WBC morphology is observed by light and electron 
microscopy. Clotting times are within reference interval. 31 

Immunologic Manifestations 

in the dogs studied, significant abnormalities were not noted 
in metabolic or phagocytic function, but glucose oxidation 
showed high resting levels consistent with an infection at the 
time of testing, 31 A single case report identified decreased 
neutrophil phagocytosis using opsonized Escherichia coli 
labeled with fluorescein isothiocyanate, 30 Other in vitro test¬ 
ing revealed decreased neutrophil chemoluminescence and 
decreased IgG and IgM concentrations. 

Diagnosis 

A presumptive diagnosis is based on recurrent presentation of 
a young weimaraner that becomes progressively less respon¬ 
sive to treatment. Specific testing to identify diseased individ¬ 
uals is not available. Test mating, with careful evaluation and 
observance of the progeny for immunologic abnormalities, 
may be the only way to identify a defect. 

Treatment 

Supportive care has been the only treatment used. Bone 
marrow transplants have not been attempted. 


29 


32 


33 


LYSOSOMAL STORAGE DISEASES 




Many lysosomal storage diseases (LSDs) have been identified 
in dogs and cats; however, all are rare, and only a few present 
with microscopic abnormalities in peripheral blood leukocytes. 
Only the observable leukocyte morphologic changes are dis¬ 
cussed. Specific leukocyte activity has not been tested, but 
delineation of microscopic characteristics may be a simple 
method of identifying and/or classifying many storage diseases. 

Hematologic alterations in the leukocytes of dogs and cats 
are associated with sphingomyelinosis (Niemann-Pick dis¬ 
ease); alpha-mannosidosis; mucopolysaccharidosis (MPS) I, 








276 


CHAPTER 


Non-Neoplastic Diseases of the Spleen 


Helio Autran de Morals 
Robert T O’Brien 


*.Spleen is like the tongue of an ox [or] the sole of the 
foot ; slightly bowed out on the left side „ a little concave on the 
inner side , toward the stomach . It has an uneven surface and 
is a little rough with some tubercles ***" 

Similarly [according to] other physicians the spleen [is] the 
receptacle of melancholy as the gall bladder of gall; wherefore 
the spleen causes one to laugh.” 


in 17% 5 to 44% 4 of the cases. In a prospective study that 
looked at the prevalence of arrhythmias in dogs undergoing 
splenectomy 38% of the dogs had neoplasia and 32% had 
hematomas. 6 Nodular hyperplasia, immune-mediated disease 
unresponsive to medical therapy and splenic torsion each 
accounted for 10% of the cases. Nodular hyperplasia, 
hematoma, extramedullary hematopoiesis, congestion, and 
lymphoid hyperplasia were the most common non-neoplastic 
lesions found in the spleens of dogs at necropsy or biopsy. 

In a lifetime study of beagles chronically exposed to radio¬ 
active radium and strontium, splenic abnormalities were pre¬ 
sent in 105 of the 865 dogs. Hyperplastic nodules, with 
without hematoma, and diffuse lymphoreticular hyperplasia 
accounted for 66% of the splenomegaly found in these dogs. 

Thus the ratio of non-neoplastic to neoplastic splenic dis- 
in dogs varies among studies* Populations that included 
all cases of splenomegaly or masses 1 - 8 show a higher than 50% 
prevalence of non~neoplastic diseases* A higher prevalence of 
tumors is found in populations that underwent splenectomy 6 9 
and in dogs with splenic masses and arrhythmias/- 5 Non- 
n eopl astic masses, therefore, are as common as neoplastic 
masses in the spleen of dogs, and the importance of heman- 
giosarcoma has been overemphasized. 


William Harvey (1653) 

or many years, the ability to laugh was considered a sign 
that the spleen was working well. Regarded as the repos¬ 
itory of the most noxious substance of the body black 
bile (in Greek, melanos kholis), the spleen prevented the onset 
of melancholia by containing the bodily fluid that produced 
this mental state. Our understanding of the spleen has greatly 
improved over the past centuries* However, evaluation of this 
organ remains mostly morphologic, based on palpation, radio¬ 
graphs and, especially ultrasound examination, followed by 
cytology or histopathology. No biochemical tests have been 
designed to assess splenic function* Consequently, although 
splenomegaly is common in clinical practice, it often is hard to 
isolate the cause. 


F 
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PREVALENCE OF SPLENIC DISEASE 
IN DOGS AND CATS 


CLINICAL MANIFESTATIONS 
OF SPLENIC DISEASES 


The prevalence of splenic disorders in dogs and cats cannot be 
easily estimated. Splenomegaly may be asymptomatic, and in 
the absence of splenomegaly it is difficult to determine, on the 
basis of clinical signs, that the spleen is responsible for the 
animaTs condition, Most prevalence studies in dogs and cats 
are based on either necropsy or biopsy findings. Necropsy- 
based studies overestimate diseases with 


Owner complaints for dogs and cats with splenic disorders 
are usually vague, and these signs may arise from the primary 
disease. Common complaints include vomiting, anorexia, 
weakness, collapse, abdominal enlargement, and weight loss. 
Polyuria and polydipsia may occur; the mechanism is unclear, 
but it resolves after splenectomy. Clinical signs are usually 
related to abdominal distention caused by a mass, uniform 
splenomegaly or intra-abdominal bleeding. Lethargy and 
collapse may occur as a result of hypovolemia, arrhythmias, or 
anemia. 4 

Signs related to the underlying disorder may also be pre¬ 
sent (Box 276-3). Ventricular tachyarrhythmias appear to be 
highly prevalent in dogs with splenic masses (hematoma, 
hemangiosarcoma, or leiomyosarcoma)/" 6 Particularly if the 
mass has ruptured. 6 Dogs that undergo splenectomy, regard¬ 
less of the reason, are also prone to arrhythmias during and 
after surgery* 6 §| 

The most reliable clinical sign of splenic disease is palpable 
splenomegaly* However, not all splenomegalies are abnormal. 
Breed variations in spleen size exist, particularly in dogs. For 
example, German shepherds have larger spleens; in some 
other b reeds (e. g., mini ature schnauzer, cocker spani el, grey¬ 
hound) the spleen is located more caudally in the abdomen 
and may be perceived as enlarged under palpation. 11 Not all 
enlarged spleens are palpable. 

The major laboratory abnormalities accompanying splenic 
disease are related to the underlying systemic illness. 


a poor prognosis or 
with no clinical relevance. Diseases that are treated by surgery 
are overestimated in prevalence studies based on biopsies but 
underestimated in prevalence studies based on necropsy 
data. This might explain the absence of hem angiosarcoma and 
the low ratio of hemanglosarcoma to hematoma in necropsy 
studies in dogs. Based on biopsy samples submitted to a 
regional diagnostic laboratory from 1372 dogs 1 and 455 cats, 3 
spleen samples from dogs represented 1.3% of all submissions, 
and spleen samples from cats represented 0.3%. However, 
these percentages do not represent true prevalence, because 
biopsies from all species were included in the total submission 
number 1 


In two necropsy surveys, non-neoplastic diseases repre¬ 
sented approximately 50% of feline splenic disorders* 2 - 3 
Congestion, lymphoid hyperplasia, capsulitis, extramedullary 
hematopoiesis, and hyperplastic nodules accounted for more 
than 50% of the cats with non-neoplastic splenic disease. 
Unfortunately, those were pathologic descriptions, and the 
underlying disease was not apparent in many cases. In two 
retrospective studies that looked at the prevalence of arrhyth¬ 
mias in dogs with splenic masses/- 5 hematomas were found 
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Distension of the stomach may caudally displace the tail. The 
tail of the spleen is uncommonly seen in cats. 

Generalized splenomegaly may increase splenic length. 
The spleen may also fold up from the ventral waif extending 
to varying lengths up the right body waif or it may expand 
more caudally, toward the urinary bladder. In the cat, visual¬ 
ization of the splenic tail along the ventral body wall supports 
a diagnosis of splenomegaly. Alternatively, with generalized 

focal masses, the spleen produces a mass 


Clinical Signs of Splenic Disease 
in Dogs and Cats 


Abdominal distention 

Splenomegaly 

Splenic mass 

Intra-abdominal bleeding 
Arrhythmias 

Nonspecific signs and signs of the underlying disorder 

Letha rgy 
Weakness 
Collapse 
Anorexia 

Poly uri a/ polydi psia 
Diarrhea 

Pale mucous membranes 
Jo undice 


enlargement or 
effect, causing caudal displacement of intestines. The spleen is 
a very common origin for masses in die midcranial and left 
cranial abdomen. Atypical splenic location, with changes in 
shape, may occur in dogs with splenic torsion. Concurrent 
peritoneal effusion is common. Lesions rarely cause changes in 
splenic radiopacity. 


Abdominal Ultrasonography 

Ultrasonography is a very effective tool for evaluating the size, 
shape, and vascular supply of the spleen. There are no objec¬ 
tive criteria for normal splenic size. As a rule, cats have a much 
smaller spleen than dogs of similar size. Normal variations in 
dogs include capsular invagination (hyperechoic foci adjacent 
to splenic veins), a bent spleen, or a portion folded back upon 
itself Generalized isoechoic enlargement may be a normal 
variation in German shepherds and other dog breeds and in 

cats. Overall spleen length and evidence of intestinal 
displacement are the criteria used to assess for splenomegaly. 
A true decrease in splenic size (microspleniaj may occur with 
acute anemia due to contraction of the spleen. Ultrasonography 

sensitive than radiography for detecting alterations in 


Changes in blood cell counts may be due to the primary dis¬ 
may be caused by the abnormal spleen. Erythrocyte 
counts are usually normal or decreased but can be increased 
in patients with splenomegaly associated with polycythemia 

12 Schistocytosis, which is highly indicative of a neoplas¬ 
tic splenic disorder, was observed in 23% of patients with 
splenic tumors but in only 3% of dogs with non-neoplastic 
disease. 9 Granulocyte and platelet counts also can be 

decreased, normal, or increased. 

Extramedullary hematopoiesis can occur in the spleen. 
Because the spleen is capable of hematopoiesis but does not 
retain the normal inhibitory mechanisms present in the bone 
marrow, it releases young blood cells into the circulation. 10 
Increased nucleated red blood cells and immature white blood 
cells (leukoeryth roblastie effect) may appear in the peripheral 
blood in patients with splenic disorders. 

Diagnostic Approach to a Patient 
with Splenomegaly 

Splenomegaly can be detected by physical examination or by 
abdominal radiographs or ultrasound. Although splenomegaly 
be identified by palpation, the severity of the enlargement 
cannot be reliably assessed in dogs with this technique alone. 
Differentiating between a splenic mass [localized splenomegaly 
with at least one large mass) and diffuse splenomegaly [uniform 
enlargement of the spleen) helps narrow the number of 
potential diagnoses (Box 276-2). Fine needle aspiration of the 
spleen may secure the final diagnosis or characterize the type 
of inflammation present. A sequential approach to diagnosis 
of the origin of the splenic mass, splenomegaly, or splenic 
nodular disease, using ultrasonographic findings and cytology, 

is shown in Figures 276-1, 276-2, and 276-3, respectively. 

Abdominal Radiography 

Radiographically the spleen is apparent in both dogs and cats. 
The dorsal extremity (head) is commonly seen on ventrodor¬ 
sal projections in the cranial left abdomen caudal to the 
gastric fundus and cranial to the left kidney along the left 
body wall. On this projection, the splenic head is triangularly 
shaped. The body of the spleen may be directed transversely 

the abdomen immediately caudal to the stomach, along 
the left body wall, or anywhere in between. In dogs the ven¬ 
tral aspect (tail) is often seen along the ventral body wall 
immediately caudal to the fiver in the lateral projection. 


some 


is more 

the shape and outer margination of the spleen. Irregularities in 
shape and focal changes in echogenicity are the major criteria 
for characterization of splenic disease in dogs and cats. 

Nodular disease is easily detected in the middle and tail 
regions of the spleen. Often the head of the spleen is within 
the rib cage, and masses in the dorsal extremity may require 
a rigorous examination using an intercostal approach. Benign 

may be hypoechoic, hyperechoic or mixed echoic. 
Benign masses cannot be differentiated from malignant 
masses with grey scale ultrasonography alone. Extramedullary 
hematopoiesis and nodular hyperplasia (Figure 276-4), which 
are common regenerative lesions, are usually hypoechoic and 

in the spleens of older dogs. These lesions are much 

less common in cats. 

Certain lesions have a more characteristic sonographic 
appearance. Myelolipoma, a benign tumor seen in older dogs, 
is both very echo genic and attenuating. The result is a classic 
hyperechoic and indistinctly shadowing lesion (Figure 276-5). 
Unlike with mineralization, the attenuation is not complete, 
and the internal architecture of the lesion can be seen to vary¬ 
ing depths. 

The spleen has a high prevalence for vascular disease 
because it is attached at only one pole and is prone to harbor 
diffuse neoplasia. Splenic torsion and diffuse tumor invasion 
may result in uniform diffuse hypoechogenidty or a more 
mixed "Swiss cheese hr appearance (Figure 276-6). In suspected 

of torsion or thromboembolism, Doppler examination 
of the splenic veins is an important step for verifying lack of 
venous return. As with portal vein flow, splenic venous flow is 
low velocity and essentially nonpulsatile. Power >oppler 
examination is especially valuable, because this modality is 

sensitive to very low velocity flow. Thrombosis may 
after mechanical torsion or tumor vascular invasion or 
with thromboembolic diseases. Regional infarctions are com¬ 
monly seen in dogs with disseminated intravascular coagulation 
(DIG) and autoimmune conditions, such as immune-media ted 
hemolytic anemia and immune-mediated thrombocytopenia. 
Infarcted regions are usually peripheral, hypoechoic, and 
swollen (Figure 276-7). Necrosis, which may be seen with 
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Causes of Sp leno megaly in Dogs and Cats* 

* ft "l ^ *■* ir^_ jL ~ m ” —* - 

* a 

Splenic mass (asymmetric, or nonuniform, 
splenomegaly) 

Nodular hyperplasia 

Lympold type 

Ft bro hist ic»cytic type (D): 

Hematoma 

Neoplasia 

Abscess 

Extramedullary hematopoiesis (C) 

Granuloma 

^ A ▲A »L * JL A 9» # ^^ ^ «•> • ^ ■ jb V •- 

iHb gpM 

Uniform (symmetric) splenomegaly 

Congestion 
Drugs 

Portal hypertension 
Right-sided congestive heart failure 
Splenic torsion 

Hyperplasiat 

Chronic infection 
Inflammatory bowel disease 
Systemic lupus erythematosus 
Polycythemia vera 
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Extramedullary hematopoiesis! 

Chronic anemia 
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Immune-media ted hemolytic anemia 
Immune-mediated thrombocytopenia 
Neoplasia 
Neoplasia 

Non-neoplastic Infiltrative diseases 
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Neoplasia 

Hypereosinophilic syndrome (C) 

Amyloidosis 

Inflammatory causes^ 

Suppurative 
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Sepsis 

Bacterial endocarditis 
Infectious canine hepatitis 
Toxoplasmosis 
Foreign body 
Penetrating wounds 

Neoplasia 
Granulomatous 
Cryptococcosis 
Histoplasmosis (Q 
Mycobacteriosis 
Leishmaniasis 
Py og ran ulomatous 
FIP (Q 

Blastomycosis 

Sporotrichosis 

Eosinophilic 
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Eosinophilic gastroenteritis 
Hypereosinophilic syndrome (Q 
Neoplasia 
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Lymph op f asma cytic 
Ehrlichiosis 
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Hemotropic mycoplasmosis (Q 
Lymphoplasmacytic enteritis 
Pyometm 8 
Brucellosis 
Necrotic tissue 
Torsion 

Necrotic center of neoplasms 
Infectious canine hepatitis (D) 
Anaerobic infection 
Tularemia 
Salmonellosis 
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’More common diseases are in boldface, 

T The causes of extramedullary hematopoiesis and hyperplasia can overlap. 

’The typical inflammatory response for each organism; some degree of overlap exists. 
C Cats; D, dogs. 


chronic severe vascular disease, results in the formation of free 
gas in the spleen and free fluid in the peritoneum. 

An additional ultrasonographic modality for evaluation 
of focal nodular and vascular diseases of the spl 
contrast harmonic ultrasonography. With this technique, 
second-generation ultrasound contrast agents, which 
liposome-encapsulated inert gas spheres, are injected intra¬ 
venously; these agents are small enough [3 to 5 pm] to pass 
through the pulmonary circulation without causing emboliza¬ 
tion. Harmonic ultrasound software technology allows detec¬ 
tion of sound waves that are multiples of the transmitted 
frequency. Ultrasonographic contrast bubbles are very power¬ 
ful generators of harmonic frequencies, and combined with 
tissue signal suppression, they create a novel method for imag¬ 
ing perfusion of organs. These contrast media, which can be 
used as blood pod agents, cause infarcted regions to appear 
hypoechoic compared with the surrounding normally per¬ 
fused spleen. Preliminary studies indicate that ultrasound 
contrast agents may help discriminate between malignant and 


benign masses by exploiting differences in blood supply 
Hem angiosarcomas have very poor overall perfusion and dis¬ 
tinct peripheral vessels. This perfusion pattern has been noted 
in hemangiosarcomas in the liver, lung, peritoneum, and spleen. 
In the liver, metastatic nodules have a more rapid wash-in and 
wash-out compared to normal liver or benign liver nodules. 
Benign nodular hyperplastic nodules in the spleen have good 
overall perfusion. 

Fine Needle Aspiration 

Although imaging of the spleen only rarely results i 
nos is, an aspirate may-provide a cytologic sample and the 
answer. Core biopsy is possible but not usually necessary. 
Most diseases of the spleen exfoliate well and are suitably 
sampled with fine needle techniques. Of the fine needle tech¬ 
niques, the variation that seems to provide the most cells 
without undue hemodilution involves no negative pressure 
with the attached syringe and multiple thrusting motions with 
the needle. With the plunger already pulled back in the barrel 


een is 


are 


diag- 


in a 




Non-Neoplastic Diseases of the Spleen 


CHAPTER 


Splenic mass 




Masses in other organs? 

Lungs? Liver? 


No 


Ves 


Fine-needle 
aspiration (FNA) 


Noncavitated lesion 

("soikT) 


Cavitated tes ion 




Identify cell type 


• Neoplasia 

• Hematoma or nodular 
hyperplasia 

• Abscess 


Hyperatenuation 


No 


H 


Splenectomy 


Myelolipoma 


* Neoplasia 

* Hematoma 

■ Extramedullary 
hematopoiesis {EMH) 


(cat) 


• Nodular hyperplasia 

Figure 276-1 Algorithm for the clinical approach to a splenic mass. 


may be present. M Precursors of all three cell lines may be seen 
in patients with extramedullary hematopoiesis, but erythroid 
cells are more common. In hyperplasia resulting from anti¬ 
genic reaction, an increase in medium and large lymphocytes 
and in macrophages and plasma cells is seen, 14 Patients with 
splenitis have an increase in inflammatory cells. Identification 
of the predominant cell type narrows the number of potential 
diagnoses. Inflammation can be further characterized based on 
the predominant cell type; that is, suppurative, granuloma¬ 
tous, pyogranulomatous, eosinophilic, or lymphoplasmaeytic. 

The most common causes of each type of inflammation 
presented in Box 276-2* 


of the syringe prior to insertion of the needle, it thereafter is 
easy to expel the contents of the needle by depressing the 
plunger This technique works well for nodular hyperplasia 
and extramedullary hematopoietic benign nodules, metastatic 
carcinomas, and hematopoietic tumors. Solid sarcomas may 

exfoliate well with aspiration techniques, and a core 
sample may provide a better result* Cavitated lesions should 
be sampled only with the utmost care, if at all. 

Fine needle aspiration appears to be safe even in presence' 
of coagulopathies or thrombocytopenia J 3 As a general rule, all 
abnormal spleens that do not have cavitated lesions should be 
aspirated. Aspiration is not necessary in patients with splenic 
torsion when lack of adequate blood flow can be determined 
by Doppler ultrasonography, or in patients with myelolipoma 
if only lesions with the dasstc acoustic properties are present. 
Aspiration also may not be required for diffuse homogeneous 
splenomegaly, with no clinical signs, that is attributable to 
splenic disorders in patients with a known cause of congestion 
(e.g., tranquilizer therapy, portal hypertension, right-sided 
heart failure), or for “classic” infarct lesions in asymptomatic 
patients. 

Fine needle aspiration can provide the final diagnosis in 
infectious disease when the organism can be identified and in 
neoplastic disorders. Aspirates of normal spleen reveal small 
lymphocytes with occasional medium and large lymphocytes 
and rare neutrophils. A few macrophages and plasma cells 
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Splenic Biopsies/Splenectomy 

Biopsy of the spleen can be performed in patients in which the 
primary diagnosis of a mass is not obtained by fine needle aspi- 

should be taken with impression smears made 
from splenic biopsy samples. Impressions inadvertently made 
of the capsular surface, rather than the parenchyma, reveal uni¬ 
form sheets of loosely attached mesothelium, which are non¬ 
diagnostic. 14 Splenectomy should be considered in animals 
with splenic necrosis or cavitated masses without metastasis. 

Other Diagnostic Tests 

In addition to imaging techniques and fine needle aspiration, 
urinalysis, a complete blood count, and a biochemical profile 


ration. 




































Diffuse splenomegaly 


Homogeneous 

echogenicity? 


Yes 


No 


Stood flow? 


See nodular disease 


Decreased 


Normal 


Spleen location? 


Fine-needle 

aspiration (FNA) 


Abnormal 


Normal 


± 


Lymphoma 
I nf arct 


Splenic torsion 


Noninflammatory 


Inflammatory 


* Suppurative 

* Granulomatous 

* Pyog ranu lomatous 

* Eosinophilic 
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Figure 276-2 Algorithm for 


clinical approach to splenomegaly. 


Nodular disease 


Echogenicity? 


Mixed 


Hyperechoic 


Hypoechoic 


Fine’needle 
aspiration (FNA) 


Hyperattenuation? 


Yes 


No 


* Nodular hyperplasia 

* Neoplasia 

■ Extramedullary 
hematopoiesis (EMH) 


Nodular hyperplasia 
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* Extramedullary 
hematopoiesis (EMH) 


Figure 276-3 Algorithm for the 


clinical approach to splenic nodular disease. 
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Figure 276-4 Nodular hyperplasia. Note the contrast enhancement pattern on precontrast (A) 
and postcontrast (B) images. 


Administration of phenothiazine sedatives (e.g., acepro- 
mazine) or ultra-short-acting barbiturates [e.g,, thiopental) 
produces substantial splenomegaly. Splenomegaly 
severe, because up to 30% of the blood volume can be pooled 
in the spleen. Administration of propofol to dogs, however, 
did not produce statistically significant splenomegaly. ls 

Congestion may also occur secondary to portal hyper¬ 
tension with hepatic disease and with systemic venous hyper¬ 
tension in right-sided heart failure or intrathorack caudal 
vena cava compression. Chronic congestion ol" the spleen may 
lead to splenic hyperplasia. No changes in echogenicity were 
subjectively noted in congested spleens, although signifi¬ 
cant increased attenuation and a trend toward increased 

backscatter (echogenicity) were noted. 1 - Diffuse changes 

a known cause of 


are necessary in ail patients with splenomegaly. Cats must be 
tested for infection with feline leukemia virus (FeLV) and 

feline immunodeficiency virus (FIV). Chest radiographs 
should be obtained in patients with splenic masses to rule out 
metastasis, and bone marrow examination may be indicated in 
patients with alterations in blood cell lines. 


be 


COMMON CAUSES OF SPLENOMEGALY 
IN DOGS AND CATS __ 


Generalized splenomegaly may occur with congestion, splenic 
hyperplasia/extramedullary hematopoiesis, inflammation, or 
cellular infiltration, whereas splenic masses usually are due to 
neoplasia, hematoma, abscess, or nodular hyperplasia. 

Congestion 

Congestion is commonly seen as a consequence of sedation or 
anesthesia, portal hypertension, or splenic vein thrombosis. 


icity in patients 
congestion, therefore, are likely due to another underlying 

condition. 
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torsion. Note the "Swiss cheese 1 ' 


Figure 276-6 Splenic 

echogenic pattern of splenic necrosis. 


Figure 276-5 Myelolipoma. Note the hyperechogenicity and 

hyperattenuation pattern. 
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Figure 276-7 Infarcted spleen in two dogs. A, Note the hypoeehoic infarcted portion of the 

spleen on grey scale ultrasound image. B, On the contrast harmonic ultrasound image, the infarcted 
portion is not seen on grey scale ultrasound but is 
perfused, contrast-enhanced spleen. 


hypoeehoic compared with surrounding well- 


Splenic pedicle torsion is a special cause of congestion in 
dogs. It usually develops in large, deep-chested dogs, especially 
the German shepherd and Great Dane- 11 ’ Males represented 
79% of the cases in one study, 16 Acute torsion causes profound 
systemic signs, including shock and abdominal discomfort, 
whereas chronic torsion is associated with vague signs such 
vomiting, anorexia, lethargy, and icterus. Radiographically, 
a decrease in abdominal detail, displacement of other abdominal 
organs, and loss of visualization of the body of the spleen in the 
left cranial abdomen are seen on the ventrodorsal view. In the 
lateral view, the spleen is enlarged, abnormally positioned 
shaped, and may have intrasplenie gas. 17 Ultrasonographically, 
the spleen is diffusely enlarged and abnormally located, ft is 
usually hypoeehoic, with decreased flow through splenic veins. 
In one study, intravascular thrombi could he identified in 50% 
ot the cases, 16 Supportive therapy should be instituted imme¬ 
diately in these patients, and the spleen should he removed 
surgically. If appropriately treated, splenic torsion carries a 
favorable prognosis. 16 

Splenic Infarction 

Infarcts can be observed in patients in hypercoagulable states 
associated with liver disease, renal disease, or hyperadrenocorti- 
cism. IS They also can occur with pre-existing uniform 
splenomegaly 18 or splenic torsion. 16 Splenic infarction is a sign 
of abnormal coagulation or blood flow, and the clinical signs are 
related to the underlying cause. Ultrasonographically, infarct 
regions are usually peripheral and have hypoeehoic, swollen 
areas, A iter contrast inj ecti on, they appear hypoech oic compared 
with the surrounding normally perfused spleen. Infarcted regions 
may resol ve with appropria te therapy of the underlying disease. 

Splenic Hyperplasia/Extramedullary Hematopoiesis 

The splenomegaly seen with splenic hyperplasia and 
extramedullary hematopoiesis reflects work hypertrophy 
resulting from removal of abnormal blood cells from circula¬ 
tion, increased activity of mononuclear phagocytic and lym¬ 
phoid cells, and increased blood cell production. In 
immune-mediated hemolytic anemia and thrombocytopenia, 
the spleen serves as a site of antibody production and also as 
an important site of removal of antibody-sensitized cells. 
Chronic increased destruction of red blood cells in some 


non-immune-mediated hemolytic diseases also appears to 
hyperplastic splenomegaly in dogs and cats. 13 Chronic antigen 
stimulation by infectious agents (eg,, bacterial endocarditis), 
blood parasites, or immune-mediated disease can stimulate 
hyperplasia of mononuclear phagocytic and lymphoid cells. 

In work hypertrophy, the spleen is uniformly enlarged and 
may be hypoeehoic on ultrasonographic examination. 
Cytologically, small lymphocytes still predominate, but 
increase is seen in medium and large lymphocytes, and plasma 

cells are commonly observed. 14 

Extramedullary hematopoiesis fEMH) may accompany 
splenic hyperplasia in patients with concomitant 


cause 


as 


an 


or 


anemia, 

thrombocytopenia, or leukopenia. It is a very common cyto¬ 
logic diagnosis in dogs with uniform splenomegaly 13 and may 
also occur with a variety of splenic neoplasms. EMH is also 
common in cats; it was diagnosed in 21% of the cats in one 
study.- 0 A nodular pattern is more common in cats with 
EMH, The presence of nucleated red blood cells in peripheral 
blood suggests a diagnosis of EMH. Cytologically, precursors 
of all three cell lines may be observed with the disease. 14 A 
finding of hematopoietic precursors with large amounts of 
vacuoles in the background suggests a myelolipoma rather 

than EMH. M 


Nodular Hyperplasia/Hematoma 

Nodular hyperplasia is a non-neoplastic regional proliferation 
of component cells normally found in the parenchyma of the 
canine spleen, 21 Nodular hyperplastic lymphoid proliferation 
is the most common form of nodular hyperplasia in dogs, but 
it is not common in cats. 1 - A high percentage of splenic 
lesions in dogs have features of hematomas and nodular 
hyperplasia, which suggests that these disorders are different 
stages of the same process. Lymphoid elements are usually 
observed with superimposed hematomas. 1 It has been sug¬ 
gested that marginal zoning distortion caused by nodular 
hyperplasia disrupts regional splenic blood flow in and around 
the hyperplastic nodule, eventually leading to hematoma for¬ 
mation. 1 Cats have a "nonsimisaf 1 type of spleen and a differ¬ 
ent architecture and blood flow' pattern of the intermediate 
circulation bordering the white pulp. 2 Those differences could 

make the spleen of cats less vulnerable to disrupted blood 
flow and hematoma formation* 
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Nodular hyperplastic lesions are usually hypoechoic on 
ultrasonographic examination. Splenic hematomas in dogs are 
associated with large splenic masses. A history of trauma is 

Most dogs with splenic hematoma are relatively 
healthy and do not have acute splenic rupture, 1 ^ although 
they may develop hemoabdomen 7^ Large hyperplastic nod¬ 
ules and splenic hematomas cannot be differentiated from 
hem angiosarcoma grossly Splenectomy is the treatment of 
choice for hematomas and hyperplastic nodules large enough 
to cause splenomegaly 34 

A particular variation of the hyperplastic nodule in dogs is 
the fibrohistiocytic nodule. 21 Nodular fibrohistiocytic prolifer¬ 
ation is characterized by a mixed population of histiocytoid 
spindle ceils intertwined with hematopoietic elements, 
plasma cells, and lymphocytes. These nodules appear to form 
continuum between lymphoid nodular hyperplasia and 
malignant splenic fibrous histiocytoma. 21 Histologically the 
lymphoid to fib roh isti ocytic ratio is the most important 
predictor of survival in these dogs. A higher proportion of 
lymphoid to fibroh i sti ocyti c cell types was associated with 
increased long-term survival. 71 

Inflammatory Splenomegaly 

Inflammatory splenomegaly (splenitis) is a uniform 
splenomegaly that usually occurs secondary to infection. In 
addition to the inflammatory response associated with hyper¬ 
plasia, patients with splenitis also have increased numbers of 
other inflammatory cells. It is important to classify the spleni¬ 
tis according to the predominant cell type, because different 
etiologic agents are associated with different types of inflam¬ 
mation. Some overlap exists, and the same organism can cause 
different inflammatory response in different patients. For 
example, lymphoplasmacytic splenitis has been observed in 
patients with FIP, histoplasmosis, and blastomycosis. Care 
must be taken in diagnosing suppurative splenitis in patients 
with peripheral neutrophilia or eosinophilic splenitis in 
patients with peripheral eosinophilia. The most common 

of splenitis, based on the predominant inflammatory 

presented in Box 276-2. Infectious agents that 
can cause splenitis or can lead to splenomegaly by causing 
chronic antigen stimulation, disturbances of blood flow, or 
chronic anemia are listed in Box 276-3, 
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Infectious Causes of Splenomegaly/Splenitis* 
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Viral diseases 

Feline infectious peritonitis (FIP) (C) 
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Fell ne leu kem ia vir u s (FeLV) (C) 

Fe I me im mun odeficie ncy virus (FS V) (C) 

Infectious canine hepatitis (D) 

Rickettsial and mycoplasmal diseases 
Ehrlichiosis (canine and feline) 

Rocky mountain spotted fever (RMSF) 

(Rickettsia rickettsii) 

Q fever (Coxfella hume tii) 

Hemotropic mycoplasmosis (Mycoplasma haemofelis 
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Bacterial infections 
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Canine brucellosis 
Mycoplasmosis 
Florida borreliosis 
Plague 
Tularemia 
Streptococcosis 
Staphylococcosis 
Salmonellosis . 

Frandsella i nfectio n 
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Endotoxe m ia 
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Fungal diseases 
Cryptococcosis 
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Histoplasmosis 
Blastomycosis 

Protozoa I d i seases 
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Toxoplasmosi s 
Cytauxzoonosis ( C) 

Babesiosis (Babesia coni sand B. gibsonf) 
Leishmaniasis (0) 
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causes 


response, are 


'Infectious disease may affect the spleen directly or may mdireedy 

splenomegaly by causing chronic anemia, chronic antigen 
stimulation, or disturbances in blood flow (e.g,, endotoxemia). 

C, Cats; D, dogs. 




cause 


PATIENT WITH A SPLENIC NODULE 




Splenic nodules without associated splenomegaly are a rela¬ 
tively common finding in older dogs undergoing abdominal 
ultrasonography for unrelated reasons. Most splenic nodules 
in this age group are benign and may require no further 
action. Myelolipomas can he easily identified, whereas lym¬ 
phoid hyperplasia, EMH, and splenic infarcts may be more 
difficult to differentiate from an early neoplastic lesion. 
Further diagnostics should be attempted in breeds with 
high-risk for hem angiosarcoma; in patients with systemic 
tumors likely to Involve the spleen (e,g., lymphoma, heman- 
giosarcoma); and in animals with hematologic abnormalities, 
fever, or other signs of systemic infectious disease.^ Fine 
needle aspiration should be attempted for all splenic nodules. 
The main risk associated with this procedure is contamination 
of the abdominal cavity with tumor cells in the case of 
hemangiosarcoma. Hem angiosarcoma is not likely to manifest 
itself as one or few small nodules, but it may be a risk in pre¬ 
disposed breeds. A more conservative approach involving 
repeating the ultrasonographic examination in 4 weeks has 
been suggested. 25 Any increase in the size of a nodule over this 
period should be pursued aggressively. It should be remem¬ 
bered that a change in diameter from 1 to 1.2 cm is associated 
with a doubling in volume for a spheric mass. 


PATIENT WITH SPLENIC DISEASE 


Diffuse splenomegaly is usually managed medically. Most dis- 

that cause diffuse splenomegaly are systemic in nature, 
and treatment should be directed at the underlying cause. 
Splenic torsion in dogs is the exception to the rule. A few 
tumors and myeloproliferative disease can also benefit from 
removal of the spleen. Splenectomy can be considered in 
patients with immune-mediated anemia or thrombocytopenia 
refractory to therapy. It is important to show bone marrow 
hyperplasia in the cell line with decreased peripheral 
bers, before splenectomy is performed. Removal of the spleen 
is the treatment of choice for patients with splenic masses. 

Removal of the spleen may predispose the patient to infec¬ 
tions. Spl en ecto mi zed humans are more likely to die of sepsis, 
but this predisposition has not yet been confirmed in dogs and 
cats. A few organisms that infect blood cells (e.g., as in 
babesiosis, hemotropic mycoplasmosis, and ehrlichiosis) 
known to occur more often in splenectomized patients. 
Ideally, dogs and cats should be tested before splenectomy and 
treated accordingly if infected. 
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CHAPTER 


Systemic Lupus Erythematosus 


Michael Stone* 


o single definition describes systemic lupus erythe¬ 
matosus (SLE). Veterinary patients with SLE classi¬ 
cally demonstrate at least two separate manifestations 
of autoimmunity in addition to the presence of antinuclear 

antibody (ANAs). However some patients demonstrate clinical 
features of m ultisystemi c autoimmunity, yet lack serum AN As, 


Genetics 


N 


In mice, more than 25 genes that can contribute to an auto¬ 
immune diathesis have been identified. 1 Most of these 


genes 

are associated with the major histocompatibility complex 
(MHC), encoding cytokines, antigen co-reeeptors, cytokine- 
or antigen-signaling cascades, co-stimulatory molecules, 
molecules involved in pathways that promote or inhibit apop¬ 
tosis, and molecules that clear antigen or antigen-antibody 
complexes. For example, a consequence of the inheritance of 
Fe receptors that weakly bind immunoglobulin may be 
impaired ability to clear immune complexes, which predis¬ 
poses the individual to the sequelae of circulating immune 
complexes. Protective genes exist that prevent the develop¬ 
ment of SLE even if multiple susceptibility genes are inher¬ 
ited. SLE is dearly inherited in dogs, and experimental 
colonies of dogs with the disease have been established^ - ^ 
SLE in dogs has been associated with the allele DLA A7, 
along with a negative (or ‘ protective") association with DLA 
A1 and B5, 7 Dogs with a specific allotype of the fourth 
ponent of complement may be predisposed to $LE, S 
dogs with decreased serum IgA. ? SLE may 

frequently in purebred cats, which also suggests a genetic 
influence, u> 


PATHOGENESIS 


Autoimmune disease may be defined 


as a dinical syndrome 
caused by the activation ofT cells or B cells, or both, in the 

absence of an ongoing infection or other discernible 
In SLE, immune system dysregulation that leads to immune 
complex formation is postulated to induce tissue damage 
(type III hypersensitivity); however, direct anti body-mediated 
cytotoxicity (type II hypersensitivity) and cell-mediated 
autoimmunity (type TV hypersensitivity) also 


ca use. 


occu r. 


com- 


Effectors 

The primary mediators m the development of SLE 

pathogenic antibodies, pathogenic immune complexes, and 
autoreactive T cells. 


as are 
occur more 


are 


Pathogenic antibodies Individuals with SLE produce 
antibodies directed against a broad range of nuclear, cytopl 
mic, and cell membrane molecules. Autoantibodies 


Environmental Factors 

The lower than expected rate of SLE concordance 


as- 


among 

identical human twins strongly suggests the existence of 
environmental trigger.’ 1 Exposure to ultraviolet (UV) light 
causes disease flares in as many as 50% of humans with SLE, 
and the same effect has been reported in both dogs 5 * 11 and 
cats. lz In humans, the importance of gender is demonstrated 
by the fact that 90% of SLE cases occur in women, particu¬ 
larly during their reproductive years. However, this gender 
distribution has not been identified in either the dog or cat. 
Exposure early in life to infectious agents may suppress the 
development of allergic and autoimmune disorders, 13 It has 
been suggested that the increase in allergies and autoimmune 
diseases recognized in humans is related to decreased 


may cause 

damage through the lormation of immune complexes, 
opsonization of target cells, and interference with cellular 
physiology, AntibodLies may penetrate living cells and bind 
to cytoplasmic or nuclear structures, altering cell function 
and contributing to disease by mechanisms other than classic 
complement-mediated injury. 1 


an 


Pathogenic immune complexes Immune complexes, which 
are formed whenever an antibody meets an antigen, are nor¬ 
mally removed by the mononuclear phagocyte system. With 
continued production of autoantibody to a self-antigen, the 
mononuclear phagocyte system may become overloaded. 
Circulating immune complexes are deposited in the walls of 
blood vessels in which there is a physiologic outflow of fluid 
(e,g, r glomeruli, synovia, and the choroid plexus). Some immune 
complexes are "tissue tropic" and prone to binding to tissues 
because of a cationic charge or because the antibodies the 
plexes contain are directed against tissue components. Trapped 
immune complexes activate complement, attracted neutrophils 
release lysosomal enzymes, and the result is tissue damag 


expo¬ 
sure to endotoxin during early development. Adequate stim¬ 
ulation may be important in the ontogeny of the normal 
immune system. 


14 


Drugs 

Certain drugs may induce SLE-like disease in humans (Box 
277-1),J- However, this disease is probably different from true 
SLE. The clinical manifestations of drug-induced lupus in 
humans are predominantly arthritis, serositis, fatigue, malaise, 
and low-grade fever; nephritis and central nervous system 
(CNS) diseases are rare. The manifestations disappear in most 
patients within a few weeks o: discontinuation of the offend¬ 
ing drug, never to reappear unless the individual is re-exposed 
to the drug. 3 Propylthiouracil has been associated with, 
hemolytic anemia, thrombocytopenia, and the development 
of antinuclear antibodies in cats. 16 Methimazole has been 
associated with the development of antinuclear antibodies in 


eom- 


e. 


Auto reactive T-cells T cells may directly cause tissue 
damage in SLE. Dermatologic lesions, polymyositis, and vasculi¬ 
tis have been associated with cytotoxic T cell-mediated damage. 3 


‘The author thanks Dr. Susan Cotter For her review of this 
manuscript. 
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with an agent that has antigens immun©logically similar to 
host antigem but sufficiently different to allow an immune 
response. As a result, tolerance to auto anti gens breaks down, 
and the pathogen-specific immune response cross-reacts with 

host tissues. 19 The feline viruses feline leukemia virus [FeLV] 
and feline immunodeficiency virus (FIV) can induce disease in 
cats that is similar to SLE, and serum AN As may develop in 
the early stages of FeLV infection. 211 Whether FeLV- or FJV- 
induced disease is truly similar to SLE is a matter of debate. 21 
Feline ehrlichial disease has also been associated with the 

development of antinuclear antibodies.-^ 

In summary, the ability to manufacture pathogenic 
immunoglobulin and to sustain its production depends 
three main factors: (l) inheritance of an appropriate number 
of susceptibility genes, (2) lack of protective genes, and [3] 
environmental stimulus that sets the whole process in motion. 
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Causes of Drug-Induced Systemic: Lupus 
Erythematosus in Humans 


Penicillamine 

Penicillin 

Phenothiazines 

Phenylbutazone 

Piroxica m 

Primidone 

Procainamide 

Propylthiouracil 

Quinidme 

Streptomycin 

Sulfasalazine 

Sulfonamides 

Tetracycline 

Valproate 


Allopurtnol 

Captopril 

Chlorpromazine 

Clonidine 

Danazol 

Dtphe ny I hyda nto i n 

Criseofulvin 

Hydralazine 

Isoniazid 

Lithium 

Lovastatin 

Mesalazine 

Minocycline 

Salicylic acid 


on 


an 


CLINICAL FINDINGS 


The clinical signs reported in dogs and cats with SIX are sum¬ 
marized in Table 277-1. It must be noted that the process of 

deriving criteria from diagnosed cases 
because the criteria are based on diagnosed cases of SLE. 

Nonerosive poly arthropathy is the most Frequent primary 
sign in dogs. The smaller joints [carpi, tarsi, elbows, stifles ] are 

frequently involved. Synovial fluid analysis reveals neu¬ 
trophilic inflammation with greater than 10,000 cells/mm 3 . 
Articular symptoms are also common in cats, some of which 
may demonstrate joint swelling and abnormal synovial fluid, 
yet lack signs of lameness. Fever is frequently reported in both 
dogs and cats and may be either persistent or intermittent. 

In humans, biopsy demonstrates involvement of the kidney 
in almost all SLE patients. 23 25 Renal involvement may be 
benign and asymptomatic or relentlessly progressive and fatal 
The earliest manifestation is proteinuria. In dogs, proteinuria 
and glomerular lesions are afro common. Biopsy may reveal 

gial and/or endothelial hypertrophy proliferative and/or 
membranous glomerulonephritis, and sclerotic changes. 
Proteinuria and/or glomerulonephritis are also common 
reported in the cat. 

Cutaneous manifestations in dogs may include erythema, 
aling, crusting, depigmentation, and alopecia. Ulcers may 


is inherently circular. 


Modified from Mutasim DF, Adams BB: A practical guide for 
serologic evaluation of autoimmune 

J Am Acad Dermatol 42:159, 2000. 


connective tissue diseases. 


cats, but clinical signs of SLE have not been reported. 
Hydralazine has been associated with the development of 

antinuclear antibodies in dogs. 1 * 

Infectious Agents 

No infectious agents have been identified that cause SLE. 
However, it is possible that infectious agents or their antigenic 
products (or both) can worsen SLE in patients with the 
appropriate predisposing genes. Microbial antigens have the 
potential to initiate auto re activity through molecular 
mimicry, polyclonal activation, or the release of previously 
sequestered antigens. The immunogenicity of autoantigens 
may be increased by inflammation in the target organ, which 
explains the flares of immune-mediated disease induced by 
vaccination or infection. Molecular mimicry describes infection 


17 
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Table * 277-1 


Clinical Signs in Dogs and Cats Suspected of Having Systemic Lupus Erythematosus 


INCIDENCE (CATS) 


INCIDENCE (DOGS) 


PERCENTAGE 


RATIO 


PERCENTAGE 


RATIO* 


CLINICAL SIGN 

Nonerosive polyarthritis 

Fever 

Renal disorders 
Dermatologic lesions 

Lymphadenopathy/splenamegaly 

Leukopenia 
Hemolytic anemia 
Th rom bocytope n i o 
Myositis 

Central nervous system disorders 

Neuropathy_ 

Modified from references 10-12, 21, and 26-33. 

♦Ratio of the number of patients affected to the number of patients described, 

CNBD The incidence could not be determined from the published literature. 
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236/302 

186/275 

167/302 

138/302 

66/175 

54/302 

45/302 

40/302 

16/275 

16/302 

7/302 


52 


11/21 

10/25 

15/25 


68 


40 


55 


60 


46 


CNBD 

CNBD 


38 


18 


24% 


15 


8% 


2/25 


13 


CNBD 


CNBD 


6 


24% 


6/25 


5 


CNBD 


CNBD 


2 
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develop on the skin and in the mucocutaneous junctions and 
oral cavity. Preferential localization of lesions may occur in 
areas poorly protected by the haircoat, and exposure to sun¬ 
light may exacerbate the lesions. Biopsy reveals inflammatory 
infiltrates at the dermoepidermal junction and vacuolar chang 
the basal columnar ceils. Immunofluorescence 
demonstrate immunoglobulin and complement deposits i 
the epidermal basement membrane. Cutaneous lesions 
reported in 15 feline patients with SLE included erythem 
ulceration, and crusting and depigmentation of the face, ears, 
and paws in seven cats; biopsy results consistent with pem¬ 
phigus foliaceus or plasmacytic pododermatitis in four cats; 

ulcerative stomatitis in three cats; and seborrheic dermatitis in 
one cat l0r,2 ^U° 

Only rarely is anemia, leukopenia, or thrombocytopenia 
the presenting feature of human SLE without concomitant 
problems of the skin, joints, CNS, or cardiopulmonary system* 
In dogs, although it is common to find anemia of chronic 
inflammation, Coombs'-positive anemia is uncommon* 
Thrombocytopenia may be severe enough to cause bleeding, 
but antiphospholipid syndrome and thromboembolic disease 

should also be considered as possible causes in these 

Leukopenia has been frequently reported. Complement 
centrations were decreased in three of eight dogs suspected of 
having SLE*® As in dogs, hemolytic 

cats, and thrombocytopenia is rare. Complement levels were 
decreased in one cat studied* 10 

Thrombosis associated with the "lupus* anticoagulant was 
reported in one dog with SLE, 34 The iupus" anticoagulant is 
antibody directed against membrane phospholipids. The 
antibody causes in vitro prolongation of the activated partial 
thromboplastin time (aPTT), hence the paradoxical 
anticoagulant. However, in invo 
activation and hypercoagulability* 


Memory impairment, headache, epilepsy, and personality 
changes may accompany SLE in humans. Sole involvement of 
the CNS without other clinical or laboratory features of SLE 
is unusual. In animals, subtle behavioral disturbances may go 
unrecognized. In cats, reported CNS involvement has included 
racing around the house; twitching of the ears, tail, and 
hmdlimbs; repeated licking of paws and tail base; generalized 
seizures; hyperesthesia along the dorsum; restless crying; 
disorientation; ataxia; loss of conscious proprioception; nys¬ 
tagmus ; and ventroflexion of the neck. 10 Polymyositis 
suspected in several dogs and cats. Polyneuritis, characterized 

by hyperesthesia of the nerve courses, has been reported in 
a dog. J1 

In humans, chest pain with or without pleura] effusion is 
the most common sign of cardiopulmonary involvement. 
Fibrosis, pulmonary embolism, capillary leakage, or serositis 
may affect the lungs* The heart valves, myocardium, or con¬ 
ducting system may be affected, and pericardial effusion may 
develop. Neutrophilic myocarditis was demonstrated in four 
dogs with SLE* ZS Serositis of the pleura or pericardium was 
not observed in cats, although subdinicaLlung changes 
noted on the thoracic radiographs of one cat. 10 
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con- 


DI AC NO SIS 


anemia is uncommon in 


Criteria have been developed for the diagnosis of SLE i 
humans (Table 27 7-2), and these criteria may be modified to 
apply to veterinary patients (Table 277-3). A veterinary 

sensus would be helpful to allow comparison of future studies. 
Veterinary patients with SLE classically demonstrate at least 
two separate manifestations of autoimmunity, along with test¬ 
ing positive for AN As. Patients with three 


in 


con- 


an 


name 

the antibody causes platelet 


or more separate 

manifestations of autoimmunity may also be considered 


to 


Table 277-2 


American College of Rheumatology Revised Criteria for the Classification of Systemic Lupus Erythematosus * 


CRITERION 


DEFINITION 


Malar rash 
Discoid rash 


Fixed erythema, flat or raised over the malar eminences, that tends to spare the nasolabial folds 

Erythematous, raised patches with adherent keratotic scaling and follicular plugging; atrophic 
may occur 

Skin rash as a result of unusual reaction to sunlight 

Oral or nasopharyngeal ulceration, usually painless 

Nonerosive arthritis involving two or more peripheral joints 

Pleuritis (pleuritic pain or rub, or evidence of pleural effusion) or pericarditis (pericardial effusion) 

Persistent proteinuria or cellular casts, which may be red cell, hemoglobin, granular, tubular, or mixed 
type 

Seizures or psychosis (either in the absence of offending drugs, known metabolic derangements 
electrolyte imbalance) 

H emolytic a nem i a (with reticulocyte sis) or leukopenia (less than 4000/mm* on two or more occasions) 

more occasions) or thrombocytopenia (less than i\ 




scarring 


Photosensitivity 
Oral ulcers 
Arthritis 
Serositis 
Renal disorder 


Neurologic disorder 


, or 


Hematologic disorder 


or lymphopenia (less than 1500/mm 3 on two 
100,000/mm 3 in the absence of offending drugs) 

Anti-DNA {antibody to native DNA in abnormal titer) or anti-Sm (presence of antibody to Sm nuclear 
antigen) or positive finding of antiphospholipid antibodies based on (1) an abnormal serum level of 
IgC or IgM anticardiolipin antibodies, (2) a positive test resulffor lupus anticoagulant, 

(3) a false-positive serologic test for syphilis 

An abnormal ANA titer at any point in time and in the absence of drugs known to be associated 
with “drug-induced lupus" 


or 


Immunologic disorder 


or 


Antinuclear antibodies 
(AN As) _ 

Modified from Tan EM; The 1982 revised criteria for the classification of systemic lupus erythematosus. Arthritis Rheum 25 3 271 1982 

For purposes of identifying patients in clinical studies, a person shall be said to have systemic lupus erythematosus if any fow or more of 
the 1 criteria are present, serially or simultaneously, during any interval of observation. 
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Proposed Criteria for Diagnosis of Systemic Lupus Erythematosus in Dogs and Cats 


DEFINITION 


CRITERION 


A nti n u cl ea r a nti bod ies Abno rma I AN A titeri n t he a bsence of d rug s or infecti ous or n eo pla stic cond ition s k n own to be 

associated with abnormal titers 

Depigmentation, erythema, erosions, ulcerations, crusts, and/or scaling, with biopsy findings consistent 

with systemic lupus erythematosus 
Oral or nasopharyngeal ulceration, usually painless 
Nonerosive, nonseptic arthritis involving two or more peripheral joints 
Glomerulonephritis or persistent proteinuria in the absence of urinary tract infection 
Hemolytic anemia and/or thrombocytopenia in the absence of offending drugs 

Low total white cell count 

Inflammatory disease of the skeletal or cardiac muscles 

Presence of a nonseptic inflammatory cavity effusion (abdominal, pleural, or pericardial) 

Seizures or psychosis in the absence of known disorders 

Prolongation of the activated partial thromboplastin time that fails to correct with a 1:1 mixture of 
the patient's and normal plasma, in the absence of heparin or fibrin degradation products_ 


(ANAs) 

Cutaneous lesions 


Oral ulcers 
Arthritis 

Renal disorders 

Anemia and/or 
t h rombocytope n ia 
Leukopenia 
Polymyositis or 
myocarditis 
Serositis 

Neurologic disorders 
Antip h osp hoi i pi ds 


Modified from references 28 and 36-39* 

*A diagnosis of SLE is established if a patient manifests three or more criteria simultaneously or over any period of time. 


recommended that all cats be treated with a course of doxy- 
cycline before the diagnosis of immune-mediated disease 

is made 43 


have SLE even in the absence of detectable ANAs. in dogs, the 
syndrome most commonly recognized is immune-mediated 
polyarthritis in association with immune-mediated skin dis¬ 
ease, glomerulonephritis, hemolytic anemia, or thrombo¬ 
cytopenia. Similar signs occur in cats, but neurologic signs 

may be more common in this species. 

Diagnostic tests for patients suspected of having SLE 
should include hematology, biochemistry, urinalysis, imaging, 
joint fluid cytology, histopathology of the skin and/or kidney, 
and serum ANA determination. Cats should also be tested for 
FeLV and FIV. Infectious and neoplastic disease must be 
excluded through imaging; culture of urine, blood, and/or 
joint fluid; serology for tick-bome and fungal diseases; and 
trials of therapeutic antibiotics* in tick-infested areas, a 3- to 
7-day course of doxy cycline should be considered before 
a diagnosis of immune-mediated disease is made. 

I mmunodi agnostic investigations may include Coombs' 
testing, platelet autoantibodies, rheumatoid factor, coagulation 
testing for antiphospholipid antibodies, serum immunoglobu¬ 
lin, complement, circulating immune complex concentrations, 
and endocrine auto antibodies (i.e,, thyro glob uhn]. Immune- 
histologic investigation may include irnmu noperoxidase 
and immunofluorescence staining and electron microscopy 

evaluation. 40 

Biopsy results may support a diagnosis of SLE but are rarely 
diagnostic by themselves. When the skin is biopsied, care must 
be taken to avoid ulcers or erosions, because an intact epi¬ 
dermis is necessary to substantiate the diagnosis. Oral biopsy 
specimens are rarely beneficial, because ulcers, which are 
inherently not diagnostic, are common in this location* 
Erythematous areas adjacent to ulcers yield the best diagnostic 

results. 41 

The diagnosis of SLE in cats is less well defined. In some 
studies, all cats that tested positive for ANAs were diagnosed 
with SLE, but whether all these patients truly had SLE 
is debatable. Another unanswered question is how to categorize 
patients that test positive for FeLV or FIV, Some reports include 
FeLV-positive cats, whereas others exclude them. 1021 ' 29_3142 
Because of the possibility of ehrlichial disease, it has been 


SPECIFIC TESTS 


Lupus Erythematosus Cell Preparation 

For the lupus erythematosus (LE) cell preparation, clotted 
blood is mashed to release free nuclei. Circulating antibody 
directed against nucleoprotein binds and opsonizes the 
nuclear complex. An LE cell is recognized as a neutrophil that 
contains phagocytized nuclear material* Interpretation 

the experience and diligence of the technician, 
and false-negative results are common/ 627 - 44 Because of tech¬ 
nical problems and difficulty with sensitivity and specificity, 
the LE cell test has been largely replaced by the more sensi¬ 
tive ANA test. LE cells rarely may be seen on smears of peri¬ 
cardial, pleural, peritoneal, joint, cerebrospinal, or blister fluid 
and when present are highly suggestive of SLE* 




depends on 






Antinuclear Antibodies 

Antinuclear antibodies are 
antibodies directed against various nuclear antigens. ANAs 
may be detected using frozen sections of rat liver or cultured 
cell lines (e.g., Vero cells, HEp-2 human epithelial cells]* The 
relative merits of each substrate are the subject of debate, and 
there is no universally accepted protocol used by veterinary 
laboratories. The result of an ANA test is commonly reported 

titer and pattern of nuclear staining. The most 
commonly observed patterns in SLE are speckled or homoge- 

staining, but no clear association exists between patterns 
and the nature of clinical disease, A clinically significant titer 
must be distinguished from low ANA titers that may be pre- 

10% of normal animals and in animals with 

45,46 


heterogeneous population of 




as a serum 


nous 


sent in as many as 

any chronic inflammatory, infectious, or neoplastic disease. 

In humans, substrates tend to remain comparable in their 
ability to detect common ANAs but differ substantially in the 
quantitation of antibody titer. 47 In dogs, it has been suggested 
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that multiple substrates be used to increase the sensitivity of 
the test. 48 Two canine studies found markedly different ANA 
results when rat liver and HEp-2 cell substrates 
pared 48 * 49 ; however the results were well correlated in a third 
report. 50 Feline ANA test results were found to have a low 
coefficient of correlation when identical 
different laboratories^ 1 

The most appropriate substrate, conjugate, and methodol¬ 
ogy for ANA testing remains undefined, and each laboratory’, 
value should be interpreted individually ANA-negative SLB 
cases have been described in veterinary patients, 5 - 26 - 28 and 
a positive ANA test result should be neither required 
sufficient in itself to make a diagnosis of SLE, 

Auto anti bodies 

Suspicion of SLE in humans leads to testing for specific anti¬ 
bodies that provide diagnostic and prognostic information 

(Table 277*4). Research in this area may be helpful for further 
characterizing immune-mediated diseases in veterinary 

patients. Autoantibodies also have been studied in veterinary 

patients (Table 277-5). 

Antibodies to DNA Serum antibodies may recognize 
denatured (single-stranded) or native (double-stranded) 
DNA. Anti-single-stranded DNA has low diagnostic value in 
humans and has not been studied in veterinary medicine. 
Anti-double-stranded (native) DNA is highly specific for the 
diagnosis of human SLE, even though only 60% to 83% of 
patients test positive. Anti-double-stranded DNA has been 
identified only infrequently in dogs with SLE. 


were com- 


Positive Autoantibody Results in Canine Patients with 
Suspected Systemic Lupus Erythematosus 


sera were sent to 


INCIDENCE 


EPITOPE 


RATIO* 


PERCENTAGE REFERENCE 


s 


ds/DNA 


6/38 


16 


Costa 1984 s4 
Bennett 1987 44 
Brinet 1988 s2 
Monier 1992 53 
Monestier1995 ss 
Costa 1984 54 
Hubert 1988 s 
Fournel 1992 
White 1992 s6 
Henriksson 1998 s7 
✓ Costa 1984 s4 
Monier 198S 6 
Hubert 1988 s 
Fournel 1992 11 
White 1992 56 
Henriksson 1998 s7 
Monier 1988 6 
Hubert 1988 s 
Fournel 1992 11 
White 1992 s6 
Hubert 1988 s 
Monier 1988 6 
Monier 1992 s3 
White 1992 s6 

Costa 1984 54 


1/3 


33 


nor 


1/47 


2 


2/100 


2 


0/43 


Sm 


9/34 


24 


2/30 


7 


12/75 


16 


0/20 


1/64 


2 


RNP 


4/38 


10 


0/12 


0/30 


6/7S 


8 


0/20 


5/64 


8 


SS-A/Ro 


1/12 


8 


0/0 


4 


0/20 


Extractable nuclear antigens ENAs are molecules 
extracted from the soluble fraction of cell nuclei (DNA and 
histone proteins are insoluble and therefore excluded). More 
than 20 saline-extractable antigens have been identified, and 
the term ENAs genetically refers to this group of nuclear 
proteins. The binding of serum antibodies to commercially 
available tissue extracts is the basis for serologic testing. 


SS-B/Lo 


0/30 


0/12 


1/75 


1 


0/20 


Type r 

(a nti body to 
a 43 kD nuclear 
antigen, also 
known as 
hnRNP C) 


10/38 


38 


Table 277-4 


15/75 


20 


Fournel 1992 11 
Costa 1984 s4 
Fournel 1992” 
Stone 1994 34 
Scott-Moncrieff 
2001 s8 " 
Lusson 1999 s ® 


Auto antibody Associations in Human Systemic 
Lupus Erythematosus 


“Type 2 m 


5/38 


13 


7/75 


9 


r^i. 

- 


Phospholipid 


m 


i/i 


100 


EPITOPE 


COMMENTS 


2/20 


10 


ds-DNA 


Highly specific for the diagnosis of systemic 
lupus erythematosus 

Associated with membranous nephropathy 
Associated with Raynaud phenomenon, 
pulmonary and muscle involvement 

Associated with cutaneous manifestations. 

sicca complex, neonatal lupus 

Associated with neonatal lupus 
Associated with thrombocytopenia, 
thrombosis infertility 


m 


i/i 


100 


5m 


(feline) 

•Ratio of the number of patients that tested positive to the number 
of tested patients. 1 ? 

ds-DNA, Double-stranded DNA; Swt, Ro, La t extractable nuclear 

antigens named for the first two letters of the name of the patient in 
whom the antigen was first described (e.g., Sm, Smith); RNP , 
ribonudeoprottin; SS-A, Sjogren syndrome A antigen (or its equiva- 
lent, Ro}; SS-B, Sjogren syndrome B antigen (or its equivalent, La). 


RNP 


SS-A/Ro 


5S-B/L a 
Phospholipid 


'3ft 


From Edworthy SM: Clinical manifestations of systemic lup 
erythematosus. In Ruddy S et a) (eds): Kelley’s Textbook of 
Rheumatology, 6th ed. Philadelphia, WB Saunders, 2001 

pp 1105-1119. 

ds-DNA, Double-stranded DNA; 5m, Rv, La, extractable nuclear 

antigens named for the first two letters of the name of the patient 

in whom the antigen was first described (e.g., Sm, Smith); 

RNP, ribonucleoprotein; SS-A, Sjogren syndrome A antigen 

(or its equivalent, Ro); SS-B, Sjogren syndrome B antigen (or its 
equivalent, La). 


... 


us 




Important ENAs include Sm, Ro, and La. In veterinary 
medicine, antibodies against ENAs do not yet have the diag¬ 
nostic and prognostic significance they do in human patients. 

a group of proteins 
that bind the DNA helical structure into supercoil formation. 

Histone antibodies are characteristic of drug-induced SLE 

in humans. One group of investigators detected antihistone 


Antihistone antibodies Histones are 
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until the bone marrow recovers. Once the animal is receiving 
every other day therapy a CBC should be evaluated every 

3 months, but bone marrow suppression at this dose is unusual. 

Prednisone and azathioprine are frequently used in combi¬ 
nation, The drugs 

tapered after remission has been attained. The method of 
tapering is somewhat arbitrary. If signs of prednisone intoler¬ 
ance are experienced, prednisone is tapered first; if bone 
marrow disease is encountered, azathioprine should be tapered 
or discontinued first. If the disease was difficult to bring into 
remission, only one drug should be tapered at a time; if the dis¬ 
ease easily went into remission, the two drugs may be tapered 
concurrently. Tapering should be performed every 4 weeks, 
with a minimum duration of therapy of 6 months. 

Azathioprine is not recommended for use in cats. Instead, 
chlorambucil may be administered along with corticosteroids 
for cats that require additional immunosuppression. 
Chlorambucil (Leukeran) is administered to cats at a dosage 
of 15 mg/m 2 (4 mg for most cats) given orally once daily for 

4 days and then repeated every 3 weeks. Potential side effects 
include anorexia and bone marrow suppression, A CBC 
should be evaluated 5 to 7 days after each course of treat¬ 
ment. If after two or more evaluations the CBC remains 
normal (no leukopenia), further monitoring may be done less 
frequently. If leukopenia is detected (absolute neutrophil 
count less than 3000/pL), the dose of the next administration 
should be decreased 25%. Signs of infection (loss of appetite 
along with fever) during the expected white blood cell nadir 
(3 to 10 days after administration) should be aggressively 
treated with intravenous fluids and broad-spectrum anti¬ 
biotics, In cats, the chlorambucil dosage should be tapered 

before the prednisone is tapered. 

Novel therapeutic approaches include prednisone (1 to 
2 mg/kg orally once daily) combined with levamisole (2 to 

5 mg/kg, to a maximum dose of 150 mg orally every 48 hours), 
Prednisone is tapered and discontinued after 2 months, 
whereas levamisole is given continuously for 4 months and 
then stopped. If relapse occurs, levamisole is readministered, 
again for 4 months. Approximately 75% of dogs treated with 
such therapy were reported to attain remission. Side effects 
included agranulocytosis, excited behavior, and aggressiveness. 39 

In humans, an antimalaria] drug [e.g., hydroxychloroquine) 
may provide additional relief. Antimalarial agents have multi¬ 
ple sun blocking, anti-inflammatory, and immunosuppressive 
effects, although their mechanism of action is not completely 
understood. 61 Their use has not been reported in dogs or cats 

with SLB. 


antibodies in 61% to 72% of dogs with SLE. 11 ' 52 - 55 Antihistone 
antibodies have been detected in canine sera by other investi¬ 
gators; however, no significant difference in concentration was 
seen between AN A-positive and ANA-negative sera, 49 and 
antihistone antibodies were detected with conditions other 
than canine SLE. 54 The use of antihistone antibodies as an 
indicator of drug-induced SLE in veterinary patients has not 

been reported. 

AntiphosphoNpid Antibodies 

Antiphospholipid antibodies bind to phospholipids found on 
many cells. These antibodies interfere with the function of 
procoagulant phospholipids in clotting tests in vitro. Patients 
with the lupus anticoagulant have a prolonged aPTT that fails 
to correct with a 1:1 mixture of the patient's plasma and 
normal plasma. In humans, the presence of these antibodies is 
associated with thrombocytopenia, thrombosis, and fetal loss, 
Antiphospholipid antibodies were described in one dog with 
SLE, 54 in two of 20 dogs with hemolytic anemia, 56 and in one 

cat with SLE. 59 


administered together once daily and 


MANAGEMENT 


Sunlight should be avoided if photosensitization occurs. 
Patients with mild lameness may require only intermittent 
therapy with nonsteroidal anti-inflammatory drugs. Dogs may 

be given carprofen (4.4 mg/kg orally once daily), etodolae 
(15 mg/kg orally once daily), or meloxicam (0.1 mg/kg orally 
once daily). Meloxicam also has been used safely in the cat. 

More severe signs necessitate corticosteroid administra¬ 
tion. Prednisone (2,2 mg/kg/day given orally) is recom¬ 
mended in most instances; } mg/kg/day may be effective in 
less severe cases. Full doses are administered until the disease 
is in complete remission, defined as resolution of clinical signs 
and radiographic or laboratory changes initially present. After 
remission has been attained, the dose is tapered, generally by 
half, for 4 weeks. The animal then is re-evaluated, and if signs 
of disease are absent (per physical examination and laboratory 
testing), the dose is again halved. Tapering is repeated 
monthly until the animal either relapses or stops medication. 
The recommended minimum duration of therapy is 6 months. 
If relapse occurs during taper, the dose should be increased to 
the most recently effective dose and held there for a few 
months. If the maintenance requirement is unacceptable 
because of side effects, an additional imm unosupp ressi ve 
agent is added. 

Some cats do not respond to prednisone. Cats that don't 
respond well to prednisone sh ou) d be treated with an alternative 
steroid (eg,, prednisolone, methylprednisolone, triamcinolone; 
or dexamethasone) before additional immunosuppressant ther¬ 
apies are started. 

Combination immunosuppression therapy is very helpful 
because the additional agent often allows die use of a lower 
dose of corticosteroid, Azathioprine (Imuran) is most fre¬ 
quently used in dogs. The dose is 2.2 mg/kg given orally once 
daily until remission occurs. The same dose then is adminis¬ 
tered every other day. A complete blood count 1 CBC) should 
be evaluated after 7 days and then every 2 weeks while the 
patient is receiving daily treatment. The development of 
neutropenia or thrombocytopenia requires drug cessation 
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PROGNOSIS 


Th e n atural course of SLE in veterinary patients is not known. 
Patients may be well controlled and medications may be 
tapered, but relapses should be anticipated. Routine evalua¬ 
tion should include hematology, biochemistry, urinalysis, and 
serum ANA determination every 1 to 3 months. The ANA 
titer may correlate with clinical severity and may fall with 
clinical improvement, but the antibody may persist at a low 
titer during clinical remission. 3t has been suggested that ther¬ 
apy should be more aggressive when the clinical presentation 
includes renal disease. 1059 
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David Bennett 


mmune-mediated and infective arthropathies are charac¬ 
terized by an elevated white cell count in the synovial 
fluid, mainly comprising neutrophils. Synovial fluid analy¬ 
sis is mandatory for diagnosis of these so-called inflammatory 
arthropathies, and it distinguishes them from the 
common degenerative arthropathies. 1 

Infective arthritis is defined as an inflammatory arthropathy 
caused by an infective agent that can be cultured from the 
affected joint or joints; however, it is not always possible to 
culture the organism, and it is important to assume infection 
if only a single joint is affected. Bacteria are the most common 
cause of infective arthritis. 

The immune-mediated diseases are 


low-grade infections. The joint is usually swollen and painful 
on manipulation, and heat may be detectable. 

The immune-mediated arthropathies also tend to have 
a sudden onset, with multiple joints swollen and painful in 
a bilaterally symmetric fashion. In some cases obvious joint 
swelling and pain may not be apparent, but multiple arthro- 
centeses and fluid analyses confirm the diagnosis. Multiple 
synovial fluid analyses should be performed in all cases of 
"pyrexia of unknown origin"; immune-mediated polyarthritis 
is the single most common diagnosis of such cases in a refer¬ 
ral practice. 9 

Local lymphadenopathy is common with both the infec¬ 
tive and the immune-mediated arthropathies. Diseases of 
other body systems are common with the immune-mediated 
arthropathies, although these can occur with certain infec¬ 
tions as well. 


I 


more 


generally poly- 
arthropathies, although some of the more uncommon infec¬ 
tions can involve multiple joints. Although the etiology of 
immune-mediated arthritis is unknown 
infections have been implicated. One mechanism is immune 
complex formation in response to microbial infection, either 
locally in the joint or systemic ally with deposition into the 
joint, 2 Transportation of microbial antigens to joints, with 
a subsequent immune response, is another possibility. Canine 
distemper viral antigens and antibodies have been identified in 
the immune complexes from the synovia of dogs with 
immune-mediated arthritis 3 ; macrophages containing distem¬ 
per antigens have also been demonstrated in the synovial 
membrane. 4 


certain microbial 


BACTERIAL INFECTIVE ARTHRITIS (SEPTIC 
ARTHRITIS, SUPPURATIVE ARTHRITIS) 


Beta-homolytic streptococci of Lancefield group G, staphylo¬ 
cocci, hemolytic Escherichia coti, Pasteurella sp., and 
Etysipdothrix sp. are the bacteria most commonly isolated from 
septic joints. 101 ] Less commonly isolated organisms include 
Corynebacterium, Salmonella, Brucella, and Pseudomonas spp, 
and anaerobic organisms, in some cases a mixed infec-tion may 
be present, involving both aerobic and anaerobic bacteria. 

Infection can be introduced by direct penetration of a 
joint, as can occur with bite wounds, iatrogenic infection after 
open joint surgery, or arthrocentesis, or through road accident 
injuries. Most joint infections in cats are associated with bite 
wounds incurred in fights. However, in most dogs, infection 
occurs by the hematogenous route, and the source of infection 
is often unknown. Pre-existing joint disease and/or prior 
gical intervention predisposes the joint to opportunistic infec¬ 
tion as a result of seeding of organisms in the compromised 
synovia! tissues, Trauma can predispose a joint to subsequent 
infection and lameness; an initial mild injury may resolve, but 
the lameness returns a few days later after hematogenous 
localization of infection to the joint. Bacterial infections r - 
also spread to joints from infected foci in neighboring soft tis¬ 
sues or bone. 

Most cases involve only a single joint, but two joints may 
be affected at the same time, or a second joint may be affected 
some time after the first [Figure 278-1). Involvement of 

than two joints most often occurs secondary to t - 

temic bacterial infection, such as bacterial endocarditis 12 
omphalophlebitis, thaf has a significant bacteremic compo¬ 
nent. Bacterial endocarditis can result in a true infective 
arthritis or in an immune-mediated arthritis. These dogs often 
have lesions of other body systems, and a cardiac 
often present. Ultrasonography may show the vegetative 

endocarditic lesion. 

Bacterial infective arthritis affects dogs of all ages. The 
larger breeds are most often affected, and the male to female 


In addition, it is likely that certain individuals are geneti¬ 
cally predisposed to immune-mediated arthritis; certain D1 A- 
DRBI alleles (DRBJ 002, 009, and 018) have been associated 

with immune-mediated arthritis in the dog; furthermore, it 
appears that a conserved amino add motif in the third hyper- 
variable region in some DRB1 alleles of both humans and dogs 
is associated with immune-based arthritis in both species. 5 

The theory of molecular mimicry has also been proposed; 
that is, antibodies against certain bacteria or viruses may cross¬ 
road with cartilage components. Some researchers think that 
polyclonal B-ce!) activation, as may occur in a persistent or 
serious infection, may lead to the emergence of auto antibod¬ 
ies against joint "self-antigens/ For example, autoantibodies 
against heat shock proteins may stimulate immune complex 
formation in joints or may even cross-react with cartilage epi¬ 
topes/ Potential antigens may also originate from nonmicro- 
bial sources, such as tumor antigens, drug antigens/haptens, 
and dietary antigens. Once the joint inflammation has been 
established, by whatever mechanism, various autoantigens, 
such as altered collagen, are produced. These autoantigens 

stimulate an immune response, thereby helping to perpetuate 
the inflammation. 7 -* 1 

Obviously lameness is an important clinical feature, 
although many immune-mediated polyarthropathies present 
as cases of "pyrexia of unknown origin." Only about one third 
of infective arthropathies have systemic signs. Lameness may 
be an obvious limp, although generalized stiffness is most 
often seen with the immune-mediated polyarthropathies. 
Bacterial infections generally have an acute onset, although 
a more chronic, insidious onset is possible, the so-called 
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Figure 278-1 Photograph of an infected elbow joint. The syn¬ 
ovium is thickened and hemorrhagic There is no obvious destruc¬ 
tion of the cartilage, which suggests that this is a relatively early 
lesion. 


ratio is 2:1. The radiographic features vary with the type of 
infection and its duration. The earliest radiographic change is 
soft tissue swelling (Figure 278-2). A marked periosteal reac¬ 
tion often develops in the later stages, and calcification of the 
joint capsule may be seen. Subchondral bone erosions may 
appear 

destruction (Figure 278-3). Patchy sclerosis of subchondral 
bone is often seen. Some infected joints show an overall loss 


Figure 278-3 Craniocauda! radiograph of an infected stifle 
joint showing more advanced pathology. Bony destruction is obvi¬ 
ous, as shown by an increased intercondylar notch and bony loss 
at the articular margins of the femur and tibia. Overall loss of 
bone density of the distal femur also is present. There is evidence 
of previous surgery, specifically a tibial plateau leveling osteotomy 
for cranial cruciate ligament failure. 


as discrete radioluccncies or as more extensive bone 












of bone density (see Figure 278-3). Leukocytosis, as a result of 
neutrophilia and a left shift, is an inconsistent finding. 

The diagnosis of bacterial infective arthritis is confirmed by 
culture of the organism from synovial fluid or synovial mem¬ 
brane (or both); however, negative cultures are not uncommon. 
Blood cultures are sometimes worthwhile if the animal is 
pyrexic. Bacterial sensitivity testing should be performed on 
positive cultures to aid therapeutic planning. 

The mainstay of therapy is a prolonged course of systemk 
antibiotics, which should be initiated in all suspect cases 
pending confirmatory laboratory results. A broad-spectrum 
bactericidal antibiotic is used. Ampicillin, clavulonate 
potentiated amoxicillin, and cephalosporins are all useful .Tht 
antibiotic should be changed only if indicated by subsequent 
antibiotic sensitivity tests. If anaerobic infection is suspected 
or if the response to the initial antibiotic is poor, metronida 
zole is used in combination with other antibiotics. Local gen 
tamicin beads or sponges can be used with resistant infections 

Systemic antibiotic therapy is continued for at least A to 
6 weeks, or for 2 weeks after complete resolution of clink a I 
signs. Joint lavage and drainage are particularly 
clinical signs are severe or if the patient is an immature amnia 
wi th open growth pi a tes. R est of the j oi nt, by m ea ns o 1 *u n\ 
confinement and support bandaging, is important in ihi* 
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Figure 278-2 A mediolateral radiograph of an infected stifle 

joint. Only soft tissue changes are present. There is loss of the 
infrapatellar fat pad and distension of the caudal joint capsule. 
These changes are not specific for bacterial infective arthritis. 
They indicate a synovial effusion, but synovial fluid analysis is 
essential to demonstrate an inflammatory arthropathy; also, if 
only a single joint is involved, the cause is likely to be infection. 
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early stages. Analgesics are generally necessary, and the 
steroidal anti-inflammatory drugs are ideal for this. During the 
recovery phase, controlled exercise, such as passive flexion and 
extension or gentle lead walks, should he initiated to maintain 
range of movement in the joint. The level of exercise can be 
gradually increased after the first 4 weeks. 


a synovial fluid smear stained with Wright, Leishman, L „ 
Giemsa stain; they may also be found in the cerebrospinal 
fluid. Mycoplasmal arthritis can be treated with tylosin, gen¬ 
tamicin, or erythromycin. 


non- 


or 


FUNGAL ARTHRITIS 


LYME ARTHRITIS 


Fungal arthritis is very rare. It usually occurs as an extension 
of fungal osteomyelitis but may also present as a primary 
granulomatous synovitis. Fungal infections of joints h 
involved a range of organisms, including Cocddioides immitis, 

Blastomyces derma tiiidis, FilobasidieUa (Cryptococcus) 

formans , Sporotrichum schenckii , and Aspergillus terreus. The 

organisms may be seen in synovial fluid smears or cultured 
from the joint. 


Lyme disease is a tick-home, multisystemic illness that affects 
humans and a number of domestic animals. It is caused by 
infection with the spirochete Borrelia burgdorferi, which i 
primarily transmitted by ticks of the Ixodes genus . ]4 H ' The 
most common presenting sign in dogs is acute lameness asso¬ 
ciated with a migratory monoarthritis or pauci arthritis. True 
polyarthritis is rare, although an immune-mediated arthritis 

has been reported. Episodes of lameness typically last only 
a few days, although repeat episodes may occur. Other mani¬ 
festations include neurologic and cardiac signs. Radiographs of 
affected joints may be normal or 
swelling in the joints. 

A diagnosis of Lyme disease is difficult to establish with 
certainty. B. burgdorferi is notoriously difficult to culture from 
clinical cases. Serologic testing is of value, although subclinical 
and asymptomatic infections can occur. Approximately 20% 
of normal dogs with a history of a tick bite are seropositive for 
B. burgdorferi, therefore the mere presence of a positive serum 
anti-Borrelia antibody test in a lame dog is insufficient to 
establish a diagnosis of Lyme disease. 15 

Lyme disease is treated with antibiotics, such as tetra¬ 
cycline, penicillin derivatives, and erythromycin, A response 
normally is seen within 7 days of the start of treatment, hut 
antibiotic therapy should be continued for at least 2 weeks 
after resolution of all clinical signs. Most cases have an excel¬ 
lent prognosis, particularly if diagnosed and treated promptly 

Cats undoubtedly are exposed to R burgdorferi , in that 
4.2% to 15% of normal cats are seropositive for the organism, 
but little evidence of clinical disease exists in this species. 171 * 3 
The reason for this is unclear, but the cat's immune response 
does differ from the dog's in that felines shown an early 
response to OspA and B antigens. 
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neo- 


RICKETTSI AL ARTHRITIS 


may show only soft tissue 


Polyarthritis increasingly is recognized in association with 
rickettsial infections in dogs. Rickettsia rickettsii, the causative 
organism in Rocky Mountain spotted fever (RMSF), is trans¬ 
mitted by ticks of the Dermacentor genus and is endemic in 
wooded areas of the central United States and the eastern 
seaboard. RMSF is a severe disease associated with rapid dis¬ 
semination of R, rickettsii from the site of the tick bite to 
organs in the body, resulting in widespread vasculitis. 
Polyarthritis is one possible clinical sign. 

Canine ehrlichiosis ( Ehrlichia cants infection transmitted by 
die tick Rhipicephalus sanguineus ) may present as a polyarthri¬ 
tis in certain geographically restricted areas, including Missouri 
and Tennessee. Cats are thought to suffer infection by rick- 
ett&iae of the Ehrlichia genus, but case reports are lacking. 


many 


PROTOZOAL ARTHRITIS 


Leishmaniasis is a chronic systemic disease caused by the pro¬ 
tozoan parasite Leishmania donouani L. donovani is transmit¬ 
ted by insect vectors, mainly sandflies, and is endemic in areas 
such as the Mediterranean, Africa, Asia, and South America. 
The dog is the main reservoir host in many areas, In addition 
to polyarthritis, signs such as fever, malaise, weight loss, der- 
matopathy, lymphadenopathy, and hepatosplenomegaly may 
occur in the dog. The disease has a long latent period and may 
appear in non endemic areas despite prolonged quarantine 
procedures. The synovitis is usually associated with an infil¬ 
trate of large numbers of macrophages filled with Leishmania 
bodies. An immune-mediated polyarthritis may also be seen in 
association with the infection. Leishmaniasis is an important 
zoonosis, and there arc public health implications if the disease 
is diagnosed in dogs, particularly outside endemic areas. Cats 
can become infected, hut clinical disease is rare. 

Toxoplasma gondii infection is well known in the cat and 
does occur rarely in the dog; lameness can be a feature, but 
joint involvement is poorly documented, Neospom caninum 
infection can cause a polymyositis as well as neurologic dis¬ 
ease; only experimental infection in the cat has been reported. 

I nfecti on wi th Hep a tozoon canis can cau se poly arth ritis an d 
polymyositis in both the dog and the cat. Infection occurs by 
ingestion of the vector tick (R. sangu incus), which contains 
the organism in its digestive tract. 

Infection with Babesia spp. most often 
anemia, although polyarthritis and polymyositis have very 
rarely been described. B. canis and B. gihsoni affect the dog, 
and B. felis r B. cati, B. herpailuri, and B L pantherae affect the cat. 
Babesioses are tick-borne diseases carried by ixodid ticks, and 
concurrent infection with other protozoal organisms 


is 


BACTERIAL L-FORMS AND ARTHRITIS 


L-form bacteria are cell wall-deficient bacteria, and these 
organisms have been associated with pyogenic subcutaneous 
abscesses and arthritis in cats. The infection spreads locally 
and hematogenously to involve other joints and subcutaneous 
sites. The infection is resistant to many antibiotics but is sus¬ 
ceptible to tetracyclines. 


MYCOPLASMAL ARTHRITIS 


Mycoplasma] infection of joints may arise as a result of the 
spread of organisms from localized sites of active or latent 
infection in the mucous membranes of the airways, conjuncti- 
vae, or urogenital tract. This is most likely to occur in debili¬ 
tated or immunodepressed animals. Mycoplasma gatae and 
Mycoplasma felis have been associated with polyarthritis and 
tenosynovitis in cats. Infection with Mycoplasma sputnatts is 
associated with a polyarthritis syndrome of young grey¬ 
hounds 2 ” 21 ; it is essentially a nonsuppurative poIysynovitis, 
usually associated with severe destruction of articular cartikg 
Animals with mycoplasmal arthritis present between the 
ages of 3 and 30 months (average age is 18 months) with 
insidious onset of clinical signs. The organisms may he 
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true infective arthritis in the cat, 


Calieivirus can produce 
most often under cattery conditions, and certain strains are 

likely to he involved. Experimental studies have shown 

that calieivirus can infect joints and cause synovitis, and that 

live virus can be recovered from these joints.- 2 ’ 23 A field strain 

of calieivirus isolated from a lame cat (strain F65) was used to 

infect experimental cats either intra-articuiarly or by contact 

exposure. This strain was particularly trophic for the joints, 

although nasal, oral, and ocular tissues were also infected. 
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divided into two broad 


The immune-based arthropathies are 
categories, erosive and non erosive,- 42 - based on whether bony 
destructive changes are present on the radiographs. The dis¬ 
eases that cause bony destruction generally have a poorer prog¬ 
nosis, A radiographic survey of several joints should be made. 
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Figure 278"5 Photomicrograph of a canine rheumatoid joint. 

The articular cartilage has been replaced with granulation tissue 
in several areas, and a thin covering of the articular cartilage by 
granulation tissue (pannus) is seen in some areas. 


EROSIVE IMMUNE-BASED ARTHRITIDES 


which anti gen-antibody interaction 
ocurs. 31 Certain dogs in which rheumatoid arthritis can be 
diagnosed test negative for rheumatoid factor, and some dogs 
initially may test positive but later test negative, and vice versa. 

Periosteal Proliferative Polyarthritis 

Periosteal proliferative polyarthritis, an erosive polyarthritis, 
is rare in the dog but common in the cat. 3(J It affects mainly 
the hocks and carpi, and the characteristic feature is marked 
periosteal new bone formation, often extending beyond the 
confines of the joint [Figure 278-7). Also, one or more joints 
show localized bony erosions. Bony destruction and prolifera* 

also occur at the attachment of ligaments and ten¬ 
dons, lesions known as enthesiopathies. Cats of any age can be 


a chronic nature, in 


Rheumatoid Arthritis 

Rheumatoid arthritis (Figures 278-4 and 278-5) can affect 
any breed or cross-breed of dog; it is very rare in the cat. 
Animals are usually adult* although the exact age of onset 
varies (an average age of 5 to 6 years is reported). 

The classic radiologic feature of rheumatoid arthritis is the 

presence 

irregularity of the articular surface or as "p^^ed out" ero- 

(Figure 278-6). Advanced cases may show extensive 
bone destruction with gross joint deformity. A more general¬ 
ized loss of mineralization of the epiphysis can be another 
feature, and soft tissue swelling around or synovial effusion 
within the joint may be present. Calcification of the soft 
tissues around the joint is often seen. In some early cases, 
radiographic evidence of bone destruction may be absent; 
such evidence generally appears within 6 months if the disease 

persists. 

Rheumatoid arthritis is commonly but not invariably asso¬ 
ciated with the presence of circulating autoantibodies against 
immunoglobulin G, collectively known as rheumatoid 
factor. 31 However, rheumatoid factor is not specific for this 
disease, because it occurs in the other immune-media ted 
arthropathies and in other disease states, particularly those of 
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Figure 278-6 Gramocaudal radiograph of a carpus of a dug 

with rheumatoid arthritis. The obvious radio lucent areas in the 
carpal bones represent bony lysis. Also, the joint space is 
between some of the carpal bones. This appearance may he 
with a septic joint, but this dog had multiple joint involvement 
consistent with an immune-based polyarthritis. 


Figure 278-4- Gross appearance of the carpus of a dog with 
rheumatoid arthritis. Two obvious areas of cartilage and bone loss 
can be seen, and the resultant ulcers have been replaced with 
granulation tissue. The synovium is thickened and discolored. 
Multiple, symmetric joint involvement was apparent in this dog. 
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against nuclear material. 32 Although antinuclear antibody is 
found in various chronic disease states, a diagnosis of SLE 
cannot be justified unless the ANA test result is positive. 


POLYARTHRITlS/POLYMYOSmS SYNDROME 


In polyarthritis/polymyositis syndrome, polyarthritis is com¬ 
plicated by polymyositis. This syndrome is most often seen in 
spaniel breeds, 27 The dogs test negative for antinuclear anti¬ 
body, therefore the disease cannot be categorized as SLE. 

These dogs present with marked stiffness and poor 
tolerance, and they often adopt a crouched stance. Widespread 
muscle atrophy is usually apparent, although in the early stages, 
muscle swelling and pain may be seen. Muscle atrophy can be 
associated with fibrosis and contracture, resulting in reduced joint 
motion; this may be seen in the limb joints and also in the tem¬ 
poromandibular joints, leaving the dog unable to open its mouth. 

The muscle enzymes creatine phosphokinase and aldolase 
are often increased, but not in all cases. Electromyography may 
show focal areas of spontaneous activity in affected muscles. 
The myositis is confirmed by multiple muscle biopsy 
nation (at least six muscles), although the inflammatory 
change can be patchy and may be absent from some muscles 
(myositis should be seen in at least two of the biopsy samples). 


examj- 


POLYARTHRITIS/MENINGITIS SYNDROME 


Figure 278-7 MedioJateral radiograph of the hock joint of a cat 
with periosteal proliferative polyarthritis. New bone deposits 
seen on the bones of the hock joint and on the distal tibia and 
proximal metatarsus. The periosteal reaction extends beyond the 
confines of the joint. Small areas of bone lysis also can be seen in 
most of the tarsal bones. Two small areas ol bone lysis are present 
in the tip of the os calcis, together with periosteal new bone, a 
finding consistent with an erosive enthesiopathy. 


Polyarthritis/meningitis syndrome has been seen in several 
breeds, including the weimaraner, Newfoundland, German 
short-haired pointer, boxer, corgi, and Bernese mountain dog. 
It also is reported in the cat. These animals present with 
pyrexia, stiffness, and neck pain and in some cases with ner¬ 
vous signs. Cerebrospinal fluid shows increased protein, white 
cell, and creatine phosphokinase levels, indicating an inflam¬ 
matory lesion of the central nervous system* 


are 


SlOGREN SYNDROME 


affected, although the disease is said to be 


common m young 
adults. Male castrated cats appear to be affected more often. 


In humans Sjogren syndrome was originally described 
a syndrome comprising keratoconjunctivitis sicca (“dry eye”), 
xerostomia {'dry mouth"!, and a polyarthritis, which may be 
an erosive (rheumatoid) arthritis or a nonerosive arthritis. Dry 
eye in the dog has been reported with SLE and lymphocytic 

thyroiditis. 1 Sialadenitis with rheumatoid arthritis has also 
been documented. 1 


as 


NONEROSIVE IMMUNE-BASED ARTHRITIS 


Systemic Lupus Erythematosus 

Systemic lupus erythematosus (SLE) is a multisystemic dis¬ 
ease characterized by simultaneous or sequential develop¬ 
ment of autoimmune hemolytic anemia, immune-media ted 
thrombocytopenia, leukopenia, glomerulonephritis, dermati¬ 
tis, polymyositis, pleuritis, central nervous system (CNS) 
disease, and symmetric polyarthritis. 26 SLE occurs in both 
dogs and cats, and because the clinical signs are so variable, 
diagnosis of the disease can be difficult. 

The pathogenesis of SLE involves two main components, 
autoimmunity and immune complex hypersensitivity. 
Antibodies against red blood cells, platelets, and leukocytes 
are important in the development of hemolytic anemia, 
thrombocytopenia, and leukopenia; die deposition of immune 
complexes (possibly nuclear antigen and antinuclear antibody) 
in the kidneys (glomeruli), joints (synovial blood vessels), and 
skin (dermal/epidermal junction), and possibly in other organs, 
explains the inflammatory changes in these tissues. 

Joint radiographs may show no obvious abnormalities, 

although occasionally soft tissue swelling or synovial effusion 
is present. 

SLE is characterized by the presence of circulating antinu¬ 
clear antibody (ANA), a group of autoantibodies targeted 


FAMILIAL RENAL AMYLOIDOSIS 
IN CHINESE SHAR PEIS 


Dogs with familial renal amyloidosis of Chinese Shar Peis pre¬ 
sent with episodes of fever and with swelling of one or both 
hock joints and occasionally other joints. 33 En thesi op at hi 
are also seen. The age of onset of signs is variable (young pup¬ 
pies or adult dogs), and the period between attacks can be 
variable but often is 4 to 6 weeks. Amyloid deposits occur in 
several organs, but renal amyloidosis and hepatic amyloidosis 
are the conditions most significant to the prognosis. 
Amyloidosis eventually results in renal or hepatic failure, 
which may occur any time between 1,5 and 6 years of age. 


es 


POLYARTHRITIS OF THE ADOLESCENT AKITA 


Polyarthritis of adolescent Akitas affects dogs less than 1 year 
of age. 1 - Meningitis may also be present, as may other 
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(e.g,, chlamydia in the cat), urinary tract, uterine tract, 
skin (including anal furunculosis) and oral cavity. 

* Type III: Idiopathic arthritis associated with gastrointestinal 
disease (enteropath ic arthritis). The gastroenteritis is 
usually characterized by vomiting and/or diarrhea. 
Sometimes blood is present in the feces. Cases of intestinal 
bacterial overgrowth and malabsorption have been 
complicated by polyarthritis, and very occasionally the 
intestinal disease is an ulcerative colitis, 

* Type IV; Idiopathic arthritis associated with neoplasia 
remote from the joints (arthritis of malignancy). The neo¬ 
plastic lesion may not be apparent by clinical assessment; 
some are recorded only during a postmortem examination. 
Neoplasias have included squamous cell carcinoma, heart 
base tumor, leiomyoma, and mammary adenocardinoma. 

In the cat, myeloproliferative disease is the most common 
association, 30 and cats with a nonerosive polyarthritis 
that do not respond well to therapy should always have 

a bone marrow examination and should be tested for 
feline leukemia vims ( FeLV) and feline immunodeficiency 
virus (FIV), 

The age of onset can vary from a few months to 11 years; 
many animals are young adults (1 to 3 years) when first pre¬ 
sented, especially in type \ cases. The pathology is generally an 
acute/subacute synovitis (Figures 278-8 and 278-9). Soft 
tissue swelling and/or synovial effusion may be apparent on 
radiography (Figure 278-10), although often no abnormality 
is visible. Disease of other body systems is not uncommon. 


organ involvement. These dogs have an unfavorable prognosis, 
because the response to anti-inflammatory and immunomod¬ 
ulatory drugs is poor. 


POLYARTERITIS NODOSA 


Polyarteritis nodosa is an inflammatory condition of the small 
arteries, often of a granulomatous nature, that can be diag¬ 
nosed only by histologic examination of biopsy material 
Polyarthritis, polymyositis, and meningitis can occur. The 
attacks are often cyclical, although persistent signs can occur. 


_!* 


DRUG-INDUCED ARTHRITIS 


Drug-induced vasculitides are basically hypersensitivity reac¬ 
tions involving the deposition of drug antibody complexes 
around blood vessels in different areas of the body. The drug 
may act directly as an antigen or may combine with host pro¬ 
teins as haptens to form neoantigens. 

Polyarthritis is only one feature of these disease syndromes; 
fever, lymph adenopathy, and macular-papuiar or bullous-type 
hemorrhagic rashes are common. Thrombocytopenia, hemolytic 
anemia, polymyositis, retinitis, and glomerulonephritis are also 
reported. 

The most commonly incriminated drugs are antibiotics, 
particularly sulfa drugs, lincomyrin, erythromycin, 
cephalosporins, and penicillins. The Doberman pinscher appears 
particularly susceptible to sulphadiazine-trimethoprim, 3G The 
diagnosis is made on the basis of worsening clinical signs 
while the animal is undergoing drug therapy and very rapid 
improvement (2 to 7 days) after the drug is stopped. The 
animal usually has had to have encountered the drug previ¬ 
ously to become sensitized or has been undergoing long-term 
therapy. 


TREATMENT 


The treatment and prognosis vary with the different types of 
polyarthritis. Repeated synovial fluid analysis is the most sen¬ 
sitive method of monitoring the effectiveness of treatment. 
A fall in the total cell count and a reduction in the proportion 
of polymorphs are good prognostic signs. The erosive 
arthropathies and animals with multiple-system disease tend 
to have a poorer prognosis. 

The initial treatment in most cases is to attempt immuno¬ 
suppression with high doses of corticosteroids. These are given 


VACCINATION REACTIONS 


Occasionally an immune-based polyarthritis can develop after 
vaccine inoculations. It is most likely to occur after the first 
injection of a primary vaccination course, particularly in kit¬ 
tens, 37 The polyarthritis is generally seen 5 to 7 days after the 
first inoculation, and the lameness is usually only transient, 

lasting for 24 to 48 hours. 

The calicivirus component appears to cause the condition, 
and calici virus antigens have been identified in synovial 
macrophages of vaccinated (F9 strain) and naturally infected 
(A4 strain) cats. 22 The presence of these antigens has been 
associated with an active synovitis. 

Persistent polyarthritis in the dog has been reported after 
recent vaccination. 3 * Canine distemper antigens have been 
found in immune complexes from the joints of dogs with 
immune-mediated arthritis, 3 
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IDIOPATHIC POLYARTHRITIS 


Idiopathic polyarthritis includes all those cases of inflamma¬ 
tory arthropathy that cannot be classified into the other 
groups. It is still the most common type of polyarthritis in 
both the dog and the cat. 

The idiopathic group can be divided into four subcategories 1 : 

* Type I: Uncomplicated idiopathic arthritis; this is the 
most common subgroup. 

• Type 11: Idiopathic arthritis associated with infections 
remote from the joints (reactive arthritis). The infections 
commonly occur in the respiratory tract, tonsils, conjunctiva 


Figure 278-8 Photograph of the stifle joint from a dog with 

nonerosive polyarthritis (idiopathic type 1). The synovium is 
thickened and discolored, but the articular cartilage appears 
normal 
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therapy should be continued for a longer period. Relapses 
always possible, therefore the prognosis overall is guarded. 

If relapses occur or if the response to prednisolone therapy 
is poor, a combination of prednisolone and cytotoxic drugs 
can be tried. The cytotoxic drug of choice is cyclophos¬ 
phamide, given orally at a dosage of L5 mg/kg (for dogs 

30 kg), 2 mg/kg (for dogs 15 to 30 kg), or 2.5 mg/kg {for dogs 
under 15 kg). The drug is given on 4 consecutive days of each 
week or as close to this regimen as possible, allowing for the 
fact that, because of health and safety issues, tablets cannot be 
divided. In addition, oral prednisolone is given each day at an 

anti-inflammatory dosage (0.25 to 0,5 mg/kg) to help control 
pain by reducing the articular inflammatory load. This treatment 
is continued for 2 to 4 months, even though clinical remission 
may occur much earlier. Cyclophosphamide should not be 
used tor longer than 4 months because of bladder toxicity 
problems. The urine can be tested weekly for blood, but the 
drug does not need to be stopped unless overt blood is visible. 
Once cytotoxic therapy has been instigated, blood counts 
should be monitored every 7 to 14 days. If the white cell 
count falls below 6000/mm 3 or the platelet count below 
125,000/mm 3 , the dosage should be reduced by one fourth; 
if the white cell count falls below 4000/mm 3 or the platelet 
count below 1000 r 000/mm 3 , the drug should be discontin-ued 
for 2 weeks and then recommenced at half the original dosage. 
In dogs (but not in cats), azathioprine can be used 
alternative to cyclophosphamide, at a daily oral dosage of 
approximately 2 mg/kg every other day, together with low- 
dose prednisolone given every other day (alternating with the 

azathioprine), Bone marrow suppression is more likely with 
azathioprine. 

If the response to cytotoxic drugs and prednisolone is still 
poor o r if relapses occur, a combin ation of a cytotoxic drug, low- 
dose prednisolone, and levamisole can be tried. Levamisole 
act as an immunomodulatory drug (he, it may suppress helper T 
cells). It is administered as a liquid oral preparation at a dosage of 
5 to 7 mg/kg every other day up to a maximum of 150 mg daily 
Whatever the therapeutic regimen used, the intention is to 
stop therapy after 3 to 6 months. Generally the cytotoxic drug 
and levamisole are stopped first, and the steroid is continued 
at an ever-decreasing dosage. 

Gold injections (sodium aurothiomalate or aurothioglu- 
cose) have been used in cases of rheumatoid arthritis with 
some success. It is important to administer a small test dose 
before full treatment is begun to check for any adverse sensi¬ 
tivity to the drug, and the animal must be checked regularly 
during treatment for toxic side effects. The dose ranges from 
5 to 40 mg, given by intramuscular injection at weeldy inter¬ 
vals for 6 weeks. Generally, low-dose prednisolone also is given. 

Auranofin (Ridaura), an oral preparation of gold, is also 
available. Auranofin, which is given at a dosage 0.05 to 
2 mg/kg administered twice daily is less toxic than the injectable 
gold preparation, but diarrhea is a common side effect, 

A combination of oral methotrexate and leflunomide has 
been used in the cat to treat rheumatoid arthritis, The 
methotrexate dose is given once weekly; on the day it is given 
the dose is 7,5 mg divided into three separate and equal doses 
of 2.5 mg each.The leflunomide dose is 10 milograms daily and 
is given by oral administration. When significant improvement 
has occurred, the doses are reduced to 2.5 mg of methotrexate 
once weekly and 10 mg of leflunomide twice weekly. 

Constant corticosteroid therapy sometimes is necessary to 
keep an animal in clinical remission, and this is perhaps 
acceptable if only a small dose is required. A few patients 
spontaneously recover within a day or two without any treat¬ 
ment. Nonsteroidal anti-inflammatory drugs can be used in 
mild cases or while laboratory results are awaited. 

Treatment of idiopathic arthritis types 11, III, and IV 
is directed primarily against the infective, alimentary, 
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Figure 278-9 Mediolateral radiograph of the stifle joint of 

dog with nonerasive polyarthritis (idiopathic type 1). Only soft 

tissue changes are 

tension of the caudal joint capsule). Although these changes 
not specific for immune-mediated arthritis, this dog had multiple 
symmetric joint involvement, and the synovial fluid analysis 
consistent with an inflammatory arthropathy. 
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(loss of the infrapatellar fat pad and dis- 
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orally for 2 weeks (prednisolone, 2 to 4 mg/kg) in a daily 
divided dose, and the dosage then is gradually reduced 
the next 4 to 8 weeks. Generally a marked response occurs 
within a few days, but it is important that therapy be main¬ 
tained to help prevent relapses. 

Repeat arthrocentesis and synovial fluid analysis of a joint 
initially sampled for diagnostic purposes are performed at 
2 weeks; if the white cell count has f allen below 4000/mm 3 and 
most of the cells are mononuclear, the prognosis is reasonably 
good. If the polymorph count is still high, high-dose steroid 


over 


% 


fc: > 


:v„m 

■s.;:V 


v 






■ toC 


Figure 278^10 Photomicrograph of a synovial membrane 
biopsy sample from a dog with idiopathic type 1 polyarthritis. 
Hyperplasia and hypertrophy of the lining layer are present, as is 
an inflammatory infiltrate of mononuclear and polymorph 
nuclear cells in the supporting layer. This is typical of 
matory arthropathy, whether infective or immune based, and it 
could be consistent even with a degenerative arthropathy. 
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immunosuppressive therapy should be checked regularly For 
secondary infections, and owners should be warned to avoid 
potential disease environments. Because of the possible 
involvement of canine distemper virus in immune-media ted 
arthritis, dogs that have suffered immune-mediated poly¬ 
arthritis should be screened for distemper antibody levels 
when a booster inoculation is due; if the levels are consistent 
with protection, the booster should exclude the distemper 
component. 


or neoplastic lesion, although corticosteroid therapy may he 
necessary. Colchicine treatment has been used in attempts 
control the amyloidosis of familial renal amyloidosis of 
the Chinese Shar Pei, hut its effectiveness has not been 
proved, and it does not influence the episodes of fever and 

arthriti s. 

k is important to provide supportive therapy for these ani¬ 
mals when appropriate. Rest, avoidance of stress environ- 

and good nutrition are essential. Patients receiving 
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Skeletal Diseases 


Kenneth A. Johnson 
A. D,J. Watson 


contains one or more ossification centers, is covered by hyaline 
cartilage on the articular surface, and is separated from the 
metaphysis by the physis or growth plate. 56 For reasons not 
well understood, many diseases have a predilection for certain 

regions of bone or even for particular bones. 

Bone cells are derived from two separate cell systems: 
(!) the stromal fibroblastic (osteoblasts and osteocytes) and 
(2) hemopoietic (osteoclasts) systems. 2 - 3 During bone forma¬ 
tion, osteoblasts synthesize collagenous matrix called osteoid, 
which is mineralized to become bone. Osteoblasts entrapped 
in newly forming bone become osteocytes. At sites of normal 
skeletal growth and remodeling, osteoblasts are derived from 
determined osteoblast precursor cells that reside in bone 
marrow stroma, endosteum, and periosteum. In injury or 
disease, inducible osteogenic precursor cells derived from 
other mesenchymal tissues, such as muscle and fibrous tissue, 

be stimulated to differentiate to osteoblasts and form 
extra periosteal ectopic bone. Osteoblasts can form several 
different types of bone. 4 Lamellar bone has collagen fibers in 
a parallel array and is found in osteons and mature trabecular 
bone. Formation of lamellar bone requires a pre-existing 
matrix, such as calcified cartilage matrix (so-called endochon¬ 
dral ossification) or old bone that has been partially removed 
by osteoclastic resorption. Woven bone is characterized by 
random orientation of its collagen fibers. It can be deposited 
de novo, without pre-existing bone or cartilage, and is formed 
when new bone is laid down rapidly in growth, fracture repair, 
and bone disease 7 Normally it is remodeled to lamellar bone 
but may persist in rapidly growing osteogenic turnon. 

Osteoclasts are large, multinucleate cells formed by fusion 
of circulating mononuclear cells. They are found on the sur¬ 
face of bone trabeculae and within remodeling osteons and 
are responsible for bone removal during growth, modeling, 
and remodeling of the skeleton. Osteoclasts erode mineralized 
bone first by solubilizing mineral, then digesting the protein. 3 
This leaves concave pits in the bone surface, called Howskip's 
lacunae. Formation and resorption of bone is regulated 
systemically by parathyroid hormone (PTH), calcitonin, and 


INTRODUCTION 


Animals with bone disease may have signs of lameness, defor¬ 
mity, or dysfunction that could be confused with, or compli¬ 
cated by, joint, muscle, or neurologic disorders. Therefore a 
systematic approach is necessary in evaluating animals with 
these signs. The expertise of a radiologist and bone pathologist 
will often be invaluable in establishing a diagnosis. Traumatic 
injuries should also be considered in the differential diagnosis 
but are not discussed here, because excellent descriptions 
exist elsewhere. ] Some bone diseases that also affect joints are 

described in Chapter 278. 

The precise cause of many bone diseases that affect dogs and 
cats is unknown. Furthermore, some conditions have multiple 
causes, such as the congenital, heritable, and metabolic dis¬ 
orders, This makes logical classification difficult. A causative 
system is used here for want of a better alternative. 




can 


1 


BONE PATHOPHYSIOLOGY 


Structural Organization of Bone 

Bone is a living tissue with several important functions, 
including storage of calcium, phosphorus, and other minerals. 
Bones act as a series of levers that facilitate the action of mus¬ 
cles and joints in movement, and they provide support and 
protection for other body systems. In addition, bone marrow 
stroma provides an inductive environment foT hematopoiesis 
and is a source of osteogenic precursor cells. 2 3 Bones are struc¬ 
turally composed of compact (cortical) and cancellous (tra¬ 
becular) bone (Figure 279-1). 4 The microstructural units of 
cortical bone are osteons that, m cross-section, have concen¬ 
tric layers of collagen fibers and a central canal. 

Trabeculae of cancellous bone have a three-dimensional 
lattice arrangement and large intertrabecular spaces contain¬ 
ing hemopoietic or fatty marrow tissue. Long bones have 
several distinct regions: diaphysis, metaphysis, and epiphysis 

(see Figure 279-1). In growing animals, each epiphysis 
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is longitudinal, hut the zone of Ranvier and subperiosteal 
appositional growth contribute circumferential expansion as 
well. Physes have various zones that reflect chondrocytic 
structure and metabolic activity, but the transition between 
zones is gradual (Figure 279-2), Once Formed, each chondro¬ 
cyte remains in a fixed anatomic location throughout its life 
and there accomplishes all its functions, 8 ' 9 The two most 
prominent stages involve proliferation and hypertrophy 
(including mineralization of matrix), prior to tissue resorption 
during vascularization. Most of" the longitudinal growth of a 
physis is due to the tenfold increase in chondrocyte volume 
that is maximal in the hypertrophic zone. Defects in any part 
of the sequence, such as incomplete chondrocyte maturation, 
cause dwarfism or disordered bone growth (see Figure 279-2). 

Modeling of Bone 

Modeling is the process that molds and sculpts the contours 
of expanding bones during growth. Within the metaphysis, 
the primary spongiosa is modeled to secondary spongiosa, 
which in turn is resorhed to form the marrow cavity of the 
shaft. Simultaneously hone diameter decreases rapidly in the 
metaphyseal cutback zone as redundant bone is removed by 
subperiosteal osteoclastic resorption. In modeling, bone for¬ 
mation rates are frequently unequal to resorption rates, but 
unlike remodeling, bone formation is not dependent on 
resorption to precede it. 10 Modeling can correct the shape of 
malunited fractures, deformities, and bone subjected to 
altered loading, as predicted by Wolff's law. However, because 
the modeling process is closely coupled to growth, it is usually 
less effective after maturity. 10 
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Figure 279-1 Regions and microstructure of an immature 
proximal femur. 


vitamin D (Chapter 237). The principle action of PTH is to 
activate osteoclastic bone resorption and increase blood 
calcium concentration. Osteoblasts have PTH receptors, but 
osteoclasts do not. The increase in osteoclast number and 
activity induced by PTH is mediated by osteoblasts 
complex coupling mechanism involving several cytokines, 
including receptor activator of nuclear factor - kappa B (RANK) 
ligand, interleukins, and tumor necrosis factor (TNF), 

Bone Growth and Development 

Growth of the axial and appendicular skeleton is primarily by 
endochondral ossification at the physes. Most physea) growth 


via a 


13 


Normal and Pathologic Bone Remodeling 

Remodeling is the process tn which bone renews itself through¬ 
out life, 10 It always follows the sequence of activation 

tion 


resorp- 

formation, and the packets of cells at a remodeling site 
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on histologic structure and 'physiologic function 
[growth, maturation, transformation, and remodeling). Regions affected by some diseases of 

growth and remodeling are indicated. In the zone of Ranvier, undifferentiated mesenchymal cells (M) 
give rise to chond rob lasts. The periosteum (PO) and perichondrium (PO) are continuous in this 
region. The metaphyseal cortex also extends into this region, becoming the osseous ring of Lacroix 
(GRLJ, which acts as a peripheral restraint to the cell columns but doe.s not impede latitudinal 
growth of the adjacent zone of Ranvier. (Adapted from Ogden JA: Skeletal Injury in the Child, 2^ 
ed. Philadelphia, WB Saunders Co, 1990, p 37.) 


v 

& 


PO 


pjii 


Figure 279-2 The physis divided based 
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Figure 279-3 Remodeling osteon in 

cortical bone shown in longitudinal sec¬ 
tion. Components of this bone multicel¬ 
lular unit are shown in four transverse 




r. 






Norma! bone 


sections on the lower level, a. Cutter 


cone with osteoclasts fOCj resorbing 
bone, b, Capillary loop fCLJ with undif¬ 
ferentiated lining cells fLCJ in the qui¬ 
escent zone between resorption and 
formation, c. Closing cone with cen- 
tripetally advancing osteoblasts (OB), 
separated by an osteoid seam fOSj from 
radially deposited new lamellar bone (LB), 
d. Completed osteon (Haversian system). 




Osteoporotic bone 


are collectively called bone multicellular units ] 1 Remodeling 
occurs in three bone envelopes: (1) the periosteal surface, (2) the 
endosteal-trabecular (cancellous bone) surface, and (3) the 
osteonal (intracortical) surface (Figures 279-3 and 279-4), In 

normal remodeling, bone formation equals resorption, whereas 
in bone disease a pathologic imbalance of resorption and for¬ 
mation often results in osteopenia of cortical and cancellous 
bone. Bones subjected to disease, trauma, or disuse exhibit a 
response termed the regional acceleratory phenomenon r in 
which the number of activated bone multicellular units 
increases suddenly. 10 This results in increased cortical porosity 

and trabecular thinning that reaches a peak at approximately 
2 to 3 months; it may take up to 1 year to be reversed, during 
which time resorption sites are refilled with new bone. IZ 


DIAGNOSIS OF BONE DISEASE 


—■ 


— 


- 


History and Signs 

Initially, it is important to establish the age, breed, and sex of 
the patient because these factors may be associated with 
increased risk of a particular disease. Common complaints 

from owners are lameness, deformity, difficulty in rising, and 

reluctance to exercise. One must ascertain the duration and 
intensity (shifting, constant, intermittent, worsening) of the 
problem, any known trauma, and any previous illness, medi¬ 
cation, or surgery, as well as response to therapy. The owner 
should be asked whether exercise or rest exacerbates the 
problem, and whether swelling, drainage, or apparent pain 
had been noticed. Recognition of similar problems in related 
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Osteoporotic bone 

Figure 279~4 Trabecular bone remodeling with the components of bone multicellular unit: 
osteoclasts (OC) t non mineralized matrix (M) t osteoblasts (OBJ, osteoid seam fOSJ, new lamellar 
bone (LB), and cement line (CL) separating it from original bone. Normally, formation equals 
resorption, but in diseases causing osteoporosis, bone formation is inadequate or defective. 







































SECTION XIX 


Hematology and Immunology 


animals may indicate heritable disease. The type and quantity 
of foods, vitamins, and minerals fed should be determined. 

Physical Examination 

In conjunction with the normal physical examination, special 
attention is paid to lameness and gait abnormalities and to the 
musculoskeletal system [see Chapters 194 and 195]. 
Visual appraisal might detect abnormalities in limb length and 
symmetry. The bony prominences and distal limb bones 
palpated to detect pain, swelling, dyssymmetiy, or crepitus. By 
comparison with the contralateral limb, muscle atrophy or 
altered range of joint motion may be identified. Each abnor¬ 
mality alone is rather nonspecific but aids in region localiza¬ 
tion. Before proceeding with sedation and radiography, 
further testing should be considered to exclude neurologic 
disease as a contributing factor (see Chapters 44 and 191]. 

Radiology 

Radiology is the most useful method for routine noninvasive 
evaluation of skeletal lesions. To appreciate subtle lesions, 
radiographs must be excellent. Two or more views are always 
needed, with the limb properly positioned. Comparison with 
radiographs of the contralateral limb or a radiographic atlas is 
useful to distinguish real bone lesions from anatomic and 
breed variations, 15 

Bone has a limited number of ways of responding to injury 
or disease. Lesions should be characterized according to changes 
in bone density, size, shape, or contour; the type of margination; 
the nature of any periosteal reaction; region of bone involved; 
and soft tissue changes. ,6_i8 The finding of a particular response, 
such as periosteal new bone, is not necessarily diagnostic of a 

specific disease (Box 279-1). Abnormalities could result from 

traumatic, neoplastic, infectious, idiopathic, or other processes. 
When considered in conjunction with sign a l men t r history, and 
physical abnormalities, radiographic findings may lead to 
diagnosis or a list of diagnostic alternatives. At this point tt is 
valuable to consult descriptions of various bone diseases, to 
evaluate the possibilities, and to decide what further tests 
indicated. Tests that are directed at confirming the most likely 
diagnosis, yet 
done first. 
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Radiologk Sigtts of Some Common Bone Diseases 


Rone Loss 

1. Generalized and diffuse 


n.u 


Primary hyperparathyroidism 
Renal secondary hyperparathyroidism 
Nutritional secondary hyperparathyroidism 
Disuse osteoporosis 


2. Thin cortices 


Primary hyperparathyroidism 

ndary hyperparathyroidism 
Nutritional secondary hyperparathyroidism 

Disuse osteoporosis 
Neoplasia ft;:/ M 

Osteomyelitis 

Bone cyst T l| 


Rena! seco 


3. Focal 


Osteomyelitis 
Neoplasia 
Bone cyst 

Multifocal: myeloma, lymphosarcoma, metastases 


4. Cystic 


Congenital bone cysts 
Aneurysmal bone cysts 
Subchondral bone cysts 
Central giant cell granuloma 


Bone Production 

1. Cortical 


a 


Osteopetrosis 

Tniuma 

Remodeling of deformity 
Fracture healing 

2. Medullary 

Eno stasis 

Myelosclerosis 

Osteomyelitis 

Sequestration 

Neoplasia 

Infarcts 

fracture healing 

3. Periosteal 

Hypervitominosis A 

Mucopolysaccharidosis (MPS) 
Multiple cartilaginous exostosis 
Enostosis 

Metaphyseal osteopathy 
Cra otomandibular osteopathy 
Secondary hypertrophic osteopathy 

'■ ", , ... B • ■* J ■ ■ "* • - . * - ■ L "* JL "V: ■ " « **Avi" * »% ”Vb “■% * V ■ ’ T*’ J . 4. * •, 

ipsteomyelitis 
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Neoplasia , 

Trauma 


are 


least invasive and have low morbidity, are 


are 


Nuclear Imaging 

Scintigraphy is highly sensitive in detecting skeletal lesions, 
but it is not widely available and is generally not specific for 
cause. ]9 20 After a radiopharmaceutical, usually "^technetium 
labeled methylene disphosphonate ("^TcMDP], is injected 

intravenously, it is incorporated into sites of new bone forma¬ 
tion and remodeling and in regions of increased blood flow. 
The distribution of radionuclide in bone is detected with 
gamma camera and is an indication of skeletal metabolic 
activity, complementing the structural information from 
radiographs, in 

tion and radiographs are unremarkable, scintigraphy may 
pinpoint a region of increased uptake in bone or a joint. Further 
procedures such as computed tomography (CT), biopsy, 
culture, or surgical exploration would then be needed to 
determine the cause of the "hotspot." 

Tumor metastases in bone have a characteristic multifocal 
distribution, detectable by scintigraphy before they are seen on 
radiographs, 20 Although scintigraphy also detects primary bone 
tumors, it is seldom needed for their diagnosis. Scintigraphy 
with ""TcMDP may help detect osteomyelitis before radio- 
graphic signs appear, but it is not specific for the disease. 

Computed Tomography 

High-resolution CT provides excellent cross-sectional images 
of lesions not found with radiographs. Its greatest application 
in the musculoskeletal system has been in evaluating the 


a 


of lameness in which physical examina- 


Adapted from Allan GS: Radiographic signs of diseases affecting 
bone. In Proceedings No 87, Orthopaedic Surgery in Dogs and Cats 
Sydney, Australia, The University of Sydney Postgraduate Commi ttee 
in Veterinary Science, 1986, p 247. 
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stage of the investigation. The most common pitfall is inap¬ 
propriate sampling and submission of a biopsy that is reactive 
bone formed secondarily to the actual disease. Because pro¬ 
cessing of hone for histology can take 1 week or more, such an 
outcome can he frustrating and misleading. 

Closed needle biopsies of medium-to-large, solid, solitary 
lesions of appendicular long bones are obtained using a 
4-inch, 8- or 11 -gauge Jamshidi bone biopsy needle (Sherwood 
Medical Qx f St* Louis, MD) (see Chapter 77). 2? This method 
has less postsurgical morbidity (pain, hematoma, infection, 

tumor seeding, pathologic fracture) than incisional biopsy. 
The clinician should carefully evaluate the radiograph to 
ensure that the biopsy is obtained from the center of the 
lesion and that dense reactive bone is avoided. The skin punc¬ 
ture site and biopsy tract must be situated so that they can he 
subsequently excised if the lesion is surgically resected. Two 
or three cores of tissue are taken by redirecting the needle 
through the same skin opening. Needle orientation can be 
guided with image intensification or radiography Jamshidi 
needle biopsy is not suitable for lesions of small bones or 
lesions with recent pathologic fractures, because there may be 
significant hematoma in the latter. For cystic and fluid-filled 
lesions, or those associated with extensive osteolysis and 
tumor necrosis, an open incisional wedge biopsy through a 
limited surgical approach might be necessary. Bone that 
appears abnormal can also be collected with a bone curette, 
taking care to avoid mutilating the specimen. 

For investigation of diseases affecting growth and endo¬ 
chondral ossification, pbyseal biopsies can be obtained percu- 
taneously from the greater tubercle of the humerus with a 
Jamshidi needle. 26 For suspected metabolic bone diseases, 
larger specimens of cancellous bone are collected with an 
8 mm Michele trephine from the iliac crest or by excision of 
a segment of rib or distal ulnar diaphysis. 27 

The surgical borders of lesions excised en bloc are labeled 
with India ink for examination by the pathologist to ensure 

tumor-free margins. 2 ® Specimens can also be radiographed 
using nonscreen film or industrial film in a Faxitron cabinet 
system. Biopsies are fixed in neutral buffered formalin for 6 to 
24 hours; they must not be frozen, 7 Large bone specimens 
should be cut into 5 mm slabs to ensure proper fixation. 7 If 

osteomyelitis is suspected, a portion of the biopsy should be 
separated for bacteriologic culture before the remainder is 
fixed in formalin* Bone specimens that cannot be cut with a 
scalpel are decalcified in 10% formic acid prior to embedding 
in paraffin. Rapid decalcification in strong acids or excessive 
decakification will destroy cellular detail and render the biopsy 
non diagnostic. Nondecalcified bone biopsies embedded in 
methylmethacrylate and sectioned with a sledge microtome 
are needed for diagnosis of some metabolic bone diseases. 2 ® 
Histologic evaluation of bone is rather specialized and 
requires the expertise of a pathologist with special interest 
and training. Most pathologists will want to review the clinical 
data and radiographs as well, before making a diagnosis. 

Cytology 

Cytologic examination of fluids and exudates obtained by sterile 
aspiration is valuable in early detection of acute osteomyelitis, 
before obvious radiographic changes occur in bone. 

Microbiology 

Isolation and identification of bacteria are helpful in confirm¬ 
ing a diagnosis of osteomyelitis, and in vitro susceptibility 
testing aids in antimicrobial drug selection. Cultures of pus 
from externally draining tracts are less than 50% accurate in 
identifying the pathogens causing osteomyelitis, because the 
tracts become colonized by skin organisms and gram-negative 
bacteria. It is preferable to culture fluid collected by sterile 
aspiration, or from pus, necrotic tissue, and sequestra collected 


Figure 279-5 Computed tomography (CT) image of an osteoma 

(T) of the zygomatic arch that caused ocular (O) displacement. 


complex anatomy of skull, spine and pelvis; in delineating 
boundaries ol tumors involving soft tissues or bone; and in 
delecting early bone destruction. 21 For bone tumors this infor¬ 
mation allows more precise presurgical planning for en bloc 
resection of cranial and pelvic lesions and for limb salvage in 
appendicular lesions (Figure 279-5}. 22-24 

Magnetic Resonance Imaging 

Advantages of magnetic resonance imaging (MRI) are that 
high-resolution, serial, multiplanar images of skeletal soft 
tissues, such as ligament, tendon, menisci, and articular carti¬ 
lage, can be obtained without the use of ionizing radiation. 
However, because this imaging modality relies on detection of 
changes in the orientation of mobile tissue protons within a 

strong magnetic field, the signal intensity of mineralized bone 
matrix is low. Adjacent soft tissues (periosteum, endosteum, 
fat, articular cartilage, and bone marrow) mainly define 
contours of bone. Subtle lesions of metaphyseal cancellous 
bone can be appreciated, as can displacement, compression, 
and invasion of soft tissue by expansile osseous lesions. 
However, cortical bone lesions are better visualized using CT. 

Chemistry 

Estimation of blood calcium and inorganic phosphate concen¬ 
trations and of alkaline phosphatase activity will occasionally 
be useful in diagnosing some bone diseases, but these variables 
are maintained within reference ranges in many skeletal 
diseases. Validated assays for canine PTH, PTH-related protein, 
and vitamin D metabolites are useful in hypercalcemk disorders 

(Chapter 237). 

Hematology 

Alterations in circulating leukocyte numbers may be consistent 
with acute osteomyelitis, but the hemogram is usually unre¬ 
markable in chronic osteomyelitis and other bone diseases. 

Biopsy and Histopathology 

Histologic examination of a representative bone biopsy is the 
most reliable way to establish a diagnosis when radiographic 
signs are not highly characteristic of a particular disease. Biopsy 
may be necessary to distinguish between malignant and benign 
neoplasia, osteomyelitis, developmental lesions, and degenera¬ 
tive conditions. It also specifically identifies tumor type and 
grade, establishes the prognosis, and may dictate appropriate 
treatment. For various reasons, mistakes are frequent at this 
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during surgical debridement. Both aerobic and anaerobic 
culture are advisable, because anaerobic bacteria are involved 
in up to 60% of bone infections in small animals. 30 Samples 
for aerobic culture should be collected into a sterile container, 
taken to the laboratory, and plated out on agar within 10 to 
15 minutes. Specimens for anaerobic culture require special 

handling because a few minutes of exposure to air will kill 
sensitive anaerobes and prevent subsequent isolation. Fluid 
for anaerobic culture can be collected into a syringe if air is 
expelled and the needle capped with a rubber stopper 

When the anticipated delay in plating out samples exceeds 
15 minutes, tissue samples and swabs are placed into a 
reduced Cary-Blair, solidified anaerobic holding media 
[Becton Dickinson, Franklin Lakes, NJ) to exclude oxygen. Both 
aerobes and anaerobes may be isolated from such preparations 
because most aerobic bacteria are facultative anaerobes. 
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Some Congenital Skeletal Disorders 
of Small Animals 


Osteocho ndrodyspfa s las ( Abnorma titles of 

Cartilage, Bone Grtrivtii, and Development) 

A, Defects of growth of tubular bone or spine 
Multiple epiphyseal dysplasia: beagle 
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Pseudoachondrodysplasia: miniature poodle 
Scottish deerhound 
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Chondrodysplasia: Alaskan Malamute 
Cocker spaniel 
English pointer 
Great Pyrenees 
Norwegian elkhound 

Ocu lar-skeleta l dysp lasia: Lab rado r retriever 
Samoyed 

Pe I ger-Huet anomaly: cats 

Scottish fol d osteochondrody s plasia: cats 

B. Disorganized development of cartilage and fibrous 

components 
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Multiple cartilag i nous exostoses (osteochondromatosis) 
Enchondroma § 
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Fibrous dysplasia | T 
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C Abnormalities of density, of cortical diaphyseal 
structure, or metaphyseal molding 
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Osteogenesis tm pe rfecta £:| 

Osteopetrosis 


CONGENITAL BONE DISORDERS 


Embryonic and postnatal skeletal development are complex 
and exquisitely susceptible to errors. Skeletal growth disorders 
that are apparent at birth or manifest later in young animals 
are of two main types: [1) generalized dysplasias and (2) local¬ 
ized malformations of individual bones, Some are caused by 
inherited defects and sporadic mutations, and some are due to 
teratogens and unidentifiable embryopathies. In humans, 
more than 100 such disorders, mostly inherited, have been 

listed in the Paris Nomenclature for Constitutional Disorders 
of Bone . 3I This classification 
genetic, radiologic, histologic, and biochemical features. 
Animal diseases are not sufficiently characterized to allow 
complete adoption of the Paris system, 32 although some 

general groupings are possible (Box 279-2), Generalized 

dysplasias are described later with developmental and genetic 
disorders or with joint diseases (see Chapter 278), whereas 
dysostoses are considered here. 

Dysostoses include the malformations of individual bones 
either singly or in combination. They can involve the 
facial region, the axial hones, and extremities. Embryonic limb 
bud development commences with a projection of mesoderm 
covered by ectoderm. Three signaling centers within the limb 
bud that control and coordinate limb development are [1) the 
apical ectodermal ridge, (2) the zone of polarizing activity, 
and (3) the Wingless-type signaling center. 35 The apical ecto¬ 
dermal ridge is a thickened layer of ectoderm overlying the 
distal tip of the limb bud that acts as a signaling center guid¬ 
ing proximal to distal limb development It also causes inter- 
digital necrosis, thereby separating webbed digits, probably by 
the local expression of FGF genes. 34 The zone of polarizing 
activity' exerts control via the signaling molecule sonic hedge¬ 
hog protein, and the Wingless-type signaling center controls 
limb alignment with respect to dorsal 
Subsequently, the individual bones form from cartilage 
anlages and the secondary centers of ossification. 5 34 Three 
mesodermal rays (ulnar, radial, and central) contribute to pec¬ 
toral limb formation; disturbances of one or more rays or of 
the signaling centers will result in perturbations of the 
spending components of bone and associated soft tissue. For 
example, failure of the apical ectodermal ridge may produce 
syndactyly of the digits or result in a truncated limb similar to 
congenital amputation, 53 Except for a few heritable disorders 
that will he mentioned, most dysostoses in dogs and cats 
sporadically 

Hemimelta, Phocomelia, and Amelia 

In these conditions the animal has a congenital absence of 
portions of the normal structures in an extremity, Hemimelia 
is either longitudinal (paraxial), with absence of the ulnar. 


is based on specific clinical, 


Primary Metabolic Abhormaltties 

Vitamin D—dependent rickets 
Mucopolysaccharidosis (MPS) 

Fucosidosls 
CM gangliosidosis 
Caucberis disease 


era mo- 


Dysostoses with Malformation of Individual Bones, 
Singly or in Combination 

Hemimelio 

Phocamefl^;f|^^ 
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Amelia 

Syndactyly 

Polydactyly 

Ectrodactyly 

Segmental hemiatrophy 


orientation. 33 


Adapted from Sharrard WJW: Pediatric Orthopaedics and Fractures, 
3rd ed> London, Blackwell Scientific Publications, 1993. 


co r re- 


radial ; or central regions in the forelimb, or transverse, with 
the distal portion of the limb completely absent. 

Radial agenesis is th*- most common paraxial hemimelia in 
cats and dogs, ft is usually unilateral and sporadic Bilateral 
radial agenesis might be an inherited autosomal recessive trait 
in Chihuahua dogs. 32 In radial agenesis, the radius is partially 
or completely absent, and the ulna is shorter, thickened, and 
curved (Figure 279-6), The radial carpal bone and first digit 
are often absent as well Lack of a radial head support allows 
humeroulnar subluxation, and the range of elbow motion 
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Figure 279-6 Kitten with radial 

agenesis. A, Radial agenesis and a 
90-degree varus angulation of the 
metacarpus. B, The radius and radial 
carpal hone are absent. The proxi¬ 
mal ulna is misshapen, the distal 
ulna thicker than normal, and the 
carpus mal ard cul a ted. (Fro m 
Winterbotham EJ et at: Radial agen¬ 
esis in a cat. J Small Anim Pract 

26:393, 1985.] 
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skeletal defects exists, including polydactyly and syndactyly in 
Australian shepherd dogs 7 An X-linked gene was suspected. 
Polydactyly is an inherited autosomal dominant trait in cats. 
Multiple hindbmb dewclaws in Great Pyrenees have similar 

inheritance 


is reduced. The metacarpus deviates into varus, severely 
impairing limb function. One hypothesis is that radial agene¬ 
sis and other hemimelias are a consequence of neural crest 
injury because limb bud embryopathies often have a segmen¬ 
tal pattern that corresponds to the distribution of the seg¬ 
mental sensory nerves. 35 Treatment of radial agenesis by 
reconstructive surgery has not been very successful, and 
amputation may be necessary. Another, less common paraxial 
hemimelia is tibia] agenesis. 

Complete absence of a distal portion of a limb (congenital 
amputation] can be caused by transverse hemimelia, strangu¬ 
lation by constrictive bands, or in utero accidents. 3 * The cause 
may be impossible to determine in young animals, because 
postnatal trauma can also cause amputations. 

In phocomelia, an intercalary segment of limb is missing. In 
severe cases the paw with rudimentary' digits is attached to 
the trunk like a seal flipper. Proximal femoral focal deficiency 
is a phocomelia with a missing segment of femur. In man, this 
is usually a unilateral defect that is not inherited. 37 A young 
daimatian with proximal femoral focal deficiency had unilat¬ 
eral hindhmb shortening and muscle atrophy that became 
accentuated with further growth. 38 Radiographically, bone in 
the intertrochanteric, neck and head regions of the femur was 
absent, and there was marked femoral shortening, 

Amelia is complete absence of one or more limbs. Two 
kittens with bilateral hindlimb amelia have been reported. 
Most animals affected by amelia probably die or are euthanized 
at birth. 


32 


32 


32 


Syndactyly 

or more digits are fused in a bony or soft tissue union in 
syndactyly. 732 This is not clinically important in pets, and 
surgery is generally unwarranted unless the deformity causes 
lameness. Congenital synostosis of adjacent metatarsal bones 
is a variation on digital fusion (Figure 279-7). 

Polydactyly 

Polydactyly is the presence of extra digits, usually on the medial 
side of the paw in dogs and cats. An inherited syndrome of 


Figure 279-7 Congenital metatarsal bone synostosis. 
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Figure 279-8 Vestigial first metatarsal bone (M) and 
anomalous tarsal bone (T) extending medially from the central 

tarsal bone in a Saint Bernard. 


an 


Figure 279-9 Forelimb of 12-week-old mixed breed dog with 

ectrodactyly, including distal radial and ulnar separation. 


In Saint Bernard dogs, dewclaws may be associated with 
anomalous tarsal bones. Some have a large curved bone that 
seems to be an extension of the central tarsal bone on the 
medial side of the proximal row of tarsal bones {Figure 279-8). 
These tarsal anomalies occur bilaterally are not associated 
with clinical signs, and are probably inherited. 

Ectrodactyly 

Often called split hand or lobster daw deformity ectrodactyly 
is caused by incomplete fusion of the three rays or absence of 
the central ray. 37 Classically the third metacarpal bone and 
digit are absent, producing a deep cleft that divides the paw 
into radial and ulnar parts, but many variations occur. The third 
metacarpal bone may be present and hypoplastic, and neighbor¬ 
ing digits and metacarpal bones may be absent or hypoplastic 3!M 1 
The cleft between metacarpal bones may terminate just 
below the carpus, or extend proximally through the carpus, 
separating radius and ulna entirely [Figure 279-9). 3941 
Asynchronous radial and ulnar growth can contribute to the 
structural disorder at the carpus. Half of the affected dogs 
have concomitant congenital elbow luxation. It is usually an 
isolated deformity without breed predilection in dogs, but 
may be inherited in cats, 7 32 Function can be improved by 
reconstructive surgery or arthrodesis. 39 - 42 

Segmental Hemiatrophy 

Hemiatrophy is a misnomer because the condition is actually 
limb hypoplasia rather than atrophy of a normal structure. 
The affected forelimb is noticeably shorter and slimmer, espe¬ 
cially in the antebrachium and paw, 43 An affected golden 

retriever also had darker pigmentation of skin and hair of the 
abnormal limb and homy keratinization of pads and nails, but 
it has no pain or discomfort, 44 Radiographically the carpal bones 
were smaller, and the numbered carpal bones were misshapen. 


The metacarpal bones were 3 cm shorter than contralateral 
bones and half normal diameter. This is a sporadic deformity 
and probably not inherited. It must be distinguished from 
atrophy that follows long-term limb immobilization, 12 A sim¬ 
ilar type of distal hypoplasia of metacarpus and digits is seen 
in immature dogs, subsequent to accidental trauma or surgery 
to the antebrachium, 44 Ilizarov limb lengthening may be 
indicated if shortening impairs function. 


DEVELOPMENTAL AND GENETIC 
BONE DISORDERS 


Osteopetrosis 

Defective osteoclastic resorption of bone is the principal 
feature of osteopetrosis. In growing bones, failure of normal 
bone modeling results in accumulation of primary spongiosa. 
so the diaphysis remains filled with bone and a marrow cavity 
does not form. Affected bones have a marbled densely homo¬ 
geneous radiographic appearance, but they are actually quite 
fragile. Many forms of osteopetrosis exist. Osteoclasts may be 
absent, be present in reduced numbers, or be defective in their 
ability to resorb bone. 7 The disorder is rare and not very well 
characterized in dogs and cats. 7 - 45 Idiopathic acquired 
osteopetrosis of adult cats was characterized by thickening of 
diaphyseal cortices and vertebral bodies. 45 Feline leukemia 
virus (FeLV) also produces medullary sclerosis and non regen¬ 
erative anemia in growing cats, probably through infection of 
hemopoietic precursor cells from which osteoclasts arise. 7 

Osteogenesis Imperfecta 

Osteogenesis imperfecta comprises a group of heritable 
diseases characterized by osteopenia, excessive bone fragility, 
and increased susceptibility to fracture. Fractured bones form 
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positive urine test for glycosaminoglycan. 56 Iduronate sulfa- 
tase activity was deficient in cultured derma) fibroblasts. 

Canine MPS VII {beta-glucuronidase deficiency) has been 
described in dogs and cats. 50 Affected dogs appear normal at 
birth, but by age 2 to 3 months develop hindlimb paresis and 
have a disproportionately large head, flattened face, swollen 
lax joints, bowed limbs, dorsove ntraliy flattened rib cage, and 
corneal clouding. 57 Radiographic features include bilateral 
coxofemoral luxation, abnormally shaped carpal and tarsal 
bones, generalized epiphyseal dysplasia, cervical vertebral 
dysplasia, and platyspondylisis, Feline MPS VII is character¬ 
ized by growth retardation, delayed dental eruption, corneal 
clouding, abdominal distension, and multiple skeletal abnor* 
mali ties. 56-60 In both species, peripheral leukocytes contain 
metachromatic inclusions, and urinary excretion of chon- 
droitin sulfate is increased. 5 ®- 61 Genetic tests can distinguish 
phenotypic ally normal MPS VO carrier dogs and cats from 
homozygous normal animals. 5 ® 62 

Several therapeutic strategies for MPS have been trialed 
with some success, including enzyme replacement therapy, 
heterologous bone marrow transplantation, and somatic cell 
gene transfer, but all require further develop rnent. 49 

Dwarfism 

Various disorders causing small stature in dogs and cats listed 

in Table 279-1 are reviewed in other chapters. Considered 
here are skeletal dysplasias and some endocrinopathies (hypo- 
somatotropism and hypothyroidism) that are more commonly 

associated with dwarfism in small animals. 

Skeletal Dysplasias (Osteochondrodysplasias) 

Osteochondrodysplasias are disorders characterized by abnor¬ 
malities in growth and development of cartilage, bone, or both 

(see Box 279-2). Disorders of this type have been reported in 
several breeds of dogs. Box 279-3 summarizes the better- 
characterized entities. Most have known or suspected genetic 
basis and autosomal recessive inheritance is common. They 
frequently cause disproportionate dwarfism, with discrepant 
development of axial and appendicular skeleton producing 
reduced limb length relative to the trunk (Figure 279-10). 

Another type of genetic dwarfism occurs in achondroplastic 
dog breeds, such as bulldog, Boston terrier, Pekinese, pug, and 
Shih Tzu, These animals have been bred selectively for 
achondroplasia and thus have shortened maxilla, depressed 
nasal bridge, flared metaphyses, and short bowed limbs as part 
of accepted breed standards. 32 Hypochondroplastic breeds, 
such as Basset hound, beagle, dachshund, Dandie Dinmont 


callus and heal, but unless stabilized adequately, malunion and 
deformities occur 46 - 47 Radiographically there can be general¬ 
ized osteopenia, thinning of diaphyseal cortices, and multiple 
fractures in various stages of union. The fundamental defect in 
humans is abnormal type I collagen production, mostly due 
to mutations of genes that normally code for procollagen 
synthesis, 46 The resulting type 1 collagen fibrils are thin and 
fail to mineralize. Osteogenesis imperfecta is rare in dogs and 
cats, and the mode of herilability and exact biochemical defects 
are unknown. 32 ' 47 - 4 * Animals may have multiple fractures, with 
minimal or no trauma. Some may also have dentinogenesis 
imperfecta (seen as pink teeth), stunted growth, and apparent 
weakness. 4 ® The diagnosis is made by analysts of type I collagen 
from cultured skin fibroblasts, 4s but the more common causes 
of osteopenia, including renal and nutrition secondary hyper¬ 
parathyroidism, should be eliminated first. 

Mucopolysaccharidosis 

The mucopolysaccharidosis [MPS) disorders are rare genetic 
lysosomal storage diseases caused by specific defects in lysoso¬ 
mal enzymes that are involved in metabolism of glycosamino- 
glycans. Compounds normally degraded by these enzymes 
accumulate intracell uUrly, interfering with cellular function 
and producing characteristic clinical signs. Several MPS disor¬ 
ders have been recognized in cats (MPS I, VI, and VII) and 

dogs (MPS 1, II, III A, HIB, VI, and VII); 49 but the presence 

and severity of skeletal abnormalities produced by them are 
d ifferent. 

MPS VI is caused by decreased aryIsulfatase B activity and 
leads to intracellular accumulation and increased urinary 
excretion of dermatan sulfate. Feline MPS VI has been recog¬ 
nized mainly in Siamese cats, as an autosomal recessive disor¬ 
der, but has also been described in domestic shorthaired 

(DSH) and long-haired cats, and a Siamese and DSH cross. 49 51 
MPS VI has also been reported in dogs of several breeds. 49 
Skeletal disease is the predominant abnormality. Clinical 
features become evident in affected cats from age 6 to 8 weeks 
and include small head and ears, flattened face, comeal clouding, 
pectus excavatum, growth retardation, skeletal deformity, and 
hindlimb paresis or paralysis from spinal cord compression by 
bone lesions. They have a crouching gait, and manipulation of 
joints and cervical spine causes pain. Radiographic features 
include epiphyseal dysplasia, thinning of long-bone cortices, 
generalized osteopenia, bilateral coxofemoral subluxation, 
secondary osteoarthritis, and vertebral fusion. 52 Diagnostic 
confirmation is provided by demonstration of excess dermatan 
sulfate in urine with the toluidine-blue (Berry) spot test, 
metachromatic granules in neutrophils, and reduced ary isul fa¬ 
tase B activity in leukocytes, 49 A PCR-based screening method 
allows detection of carrier cats. 50 

MPS I in DSH cats is an autosomal recessive disease due to 
decreased activity of alpha-L-iduronidasc. 49 - 53 Clinical features 
are similar to MPS VI, but facial dysmorphism may not be as 
striking as in Siamese, and metachromatic granules are usually 

less distinct in leukocytes than in MPS VI and MPS VII. 54 
Radiographic features are similar to MPS VI, except that 
epiphyseal dysplasia and dwarfism are absent. Neurologic 
abnormalities due to spinal cord compression by bone prolif¬ 
eration occur relatively later, after 2 years of age. Excretion of 
dermatan sulfate and heparin sulfate in urine is detectable 
using the toluidine-blue spot test, 52 MPS I has also been 
reported in dogs. Affected animals are dwarfed and have 
swollen painful joints, glossoptosis, corneal clouding, and 
progressive motor and visual deficits. Radiographic features 
include epiphyseal dysgenesis, periarticular bone p rolifera ti on, 
and enlargement of femoral diaphyses. 55 

MPS II was diagnosed in a 5-year-old male Labrador 
retriever with coarse facial features, macrodacty 1 ia, general¬ 
ized osteopenia, progressive neurologic deterioration and a 








Table * 279-1 


Some Causes of Small S tature in Dogs and Cats 




NON ENDOCRINE 


ENDOCRINE 


Malnutrition 
Malassimilation 
Portal systemic shunt (P3S) 
Cardiovascular defects 
Glycogen storage disease 
Skeletal dysplasia 
Mucopolysaccharidosis (MPS) 
Hydroencephalus 
Renal disease 


Hy posom a totrop i sm 
Hy pothy roid i sm 
Hypoadrenocorticism 
Hy perad re n ocort i c i s m 
Diabetes mellitus 


Modified from Feldman EC Nelson RW: Canine and Feline 
Endocrinology and Reproduction, 3rd ed. Philadelphia, 

WB Saunders Co, 2004. 
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Canine OsfeocAoWro^ysp/asuZaS; Cimica/ andf iiodio/og^ Signs, and Inheritance Pattern 


Alaskan Mafamute Chondrodysplasia 7 -® 3 

Short limbs* bowed forelegs, carpal joints enlarged* paws deviated laterally; ulna growth plate thickened, irregular and flared; 
associated hemolytic anemia; autosomal recessive trait, complete penetrance* variablf expr^|§ofl 

Beagle Multiple Epiphyseal Dysplasia 7 - 63 

Short limbs, enlarged joints, kyphosis; stippled mineralization of epiphyses, especially femur and humerus, disappeared by 
5 months; vertebrae short; dyspiastic hips; osteoarthropathy in adults; autosomal recessive trait 

Bull Te r rier Ostecchohdrodysp I asi a® 4 
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Abnormal hind leg gait, femoral neck fractures; nonossified foci in femoral necks and metaphyses of long bones; some long 
bones d istorted; dwarfing not noted; littermates affected but inheritance not known 
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Short liipbs, bow^forelegs, abnormal locomotion; wide irregular growth plates; prognathism: probafcSe 
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Great Pyrenees Chondrodysplasia 7 * 63 * 67 
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Very short limbs, forelegs bowed with valgus deformity; body length reduced slightly; flared, flattened metaphyses; poorly 
developed epiphyses and cuboidol bones; vertebrae poorly ossified and irregular; afpo^mcil recessive trait 
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Mildly short limbs and spine, variable radius and ulna bowing and carpal valgus; growth plates, epiphyses and metaphyses 
radiographically normal; autosomal recessive trait 
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Labrador Retriever Ocular-Skeletal Dysplasia 7 ^ 

Short limbs, prominent elbows and carpi, paws deviated laterally, hind legshypefe^Ei^ed; tubular wide, 
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etaphyses flattened and flared, inSeased metaphyseal opacity; ef^fcyses and cuboidol bc^gl^ge dndH 
misshapen; hip dysplasia, abnormal elbows; catoraet*, reti no I dysplasia and detachment; out osomal traiti^ssive effect 
on skeleton, incompletely dominant on eye 
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Miniature Poodle Multiple Enchondromatosis 70 ^ 

Short bowed limbs, femoral neck fractures; lucent areas extending from growth plates into metaphyses ond some diaphysis; 
diaphyses distended and distorted; ribs and vertebrae also affected; sternum locked bone; autosomal nondominant trait 
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Miniature Poodle Multiple Epiphyseal Dysplasia 63 

Similar to disorder in beagle; inheritance unknown, but two of three affected were Ifttermates 
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Poor growth, abnormal gait; short, bent legs, enlarged joints; possible inferior prognathism; vertebrae short, limb bones short 
and thick with bulbous ends; stippled densities in epiphyses; ossificotion complete by 2 years of age, but limbs remained short 
and deformed; | in il n il ill nnh imMlil j f iHW 
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Norwegian Elkhound QiondrodyspfosSdT^ 

Shortened body, disproportionally short limbs, especially forelegs, which may be bowed; metaphyses flared and flattened, 
with denser band; ventral vertebral bodies irregular, ^ayed union of vertebral end plates; may have glycosuria; autosomal 
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Samoyed Ocular-Skeletal Dysplasia 7 * 72 * 73 

Short forelegs, varus deformity of elbows, valgus of premature closure of ulnar growth plates, bowed radii; domed 

forehead; cataracts, retinal detachment, hyaloid artery ^rnnants eosinophifra; autosomal recessive trait 
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Scottish Deerhound Pseudoachondroplasia (Osteochondrodfysplasia ) 74 - 75 
Retarded growth, short bowed limbs, exercise intolerance, small head, short trunk, lax joints, kyphosis; vertebrae and long 
bones short, epiphyseal ossification irregular qpti delayed; krter osteopenia, severe deformity; single autosomal recessive/ 

inheritance suspected 
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terrier, Scottish terrier, Skye terrier, and Welsh corgi have 
similarly shaped legs as a breed characteristic, although their 
skulls are normal. 32 These forms of dwarfism differ from the 
nonpathologic, mutant, proportionate reduction in stature in 
dogs that has led to the establishment through selective 
breeding of many miniature and toy breeds. 

An osteochondrodysplasia with autosomal dominant 
inheritance has been described in Scottish fold cats + 7e Along 
with the folded ears typical of this breed, affected individuals 
show signs of lameness, reluctance to jump, stiff and stilted 
gait, short mis-shapen distal limbs, and short thick inflexible 
tail. Radiographic features include irregular size and shape of 
bones of tarsus, carpus, metatarsus, metacarpus, phalanges, and 
caudal vertebrae. In addition, these animals have narrowing of 
apparent joint spaces, new bone production around distal limbs 
joints, diffuse osteopenia, and formation of a plantar exostosis 

caudal to the calcaneus in advanced cases (Figure 279-11). 

However, the severity and rate of progression of changes are 
quite variable. Treatment is noncurative, but pentosan poly¬ 
sulfate, glycosaminoglycans, nonsteroidal anti-inflammatory 
drugs (NSAIDs), or a combination of these treatments might 

be palliative. 

A chondrodysplasia in two unrelated kittens with short¬ 
ened, bowed fore limbs was described. 77 Radiographic signs 
included long bone bowing, metaphyseal flaring, and a gross 
enlargement of physeal cartilage that resembled rickets. 
Serum calcium, phosphorus, and 1,25-dihydroxyvitamin D 3 
concentrations were normal, but PTH concentrations were 
below the reference range. Furthermore, treatment of the 
kittens with oral 1,25-dibydroxyvitamin D 3 for 3 months did 
not resolve the radiographic abnormalities or correct the 
stunted statue. The disorder is considered to be a (osteo)chon¬ 
drodysplasia of unknown heritabiiity rather than rickets, 7 
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Figure 279-10 A, Radiograph of a 5-week-old Alaskan 

Malamute with chondrodysplasia, Physeal cartilage is widened, and 
adjacent metaphyseal bone roughened and irregular. B, Radiograph 
of a normal littermate of same age for comparison* 
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Figure 279-11 Osteochondro- 
dysplasia of Scottish fold cats, 

A, Exostoses around the carpus. 
B> Exostoses and ankylosis of the 
tarsal joints. (Courtesy of 
Veterinary Imaging Associates, 
Sydney, Australia.) 
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Pituitary Dwarfism Hypopituitarism and consequent 
dwarfism, inherited in autosomal recessive fashion in German 
shepherd dogs and Karelian hear dogs, has also been described 
in other dog breeds (Weimaraner, Spitz, toy pinscher) and 
cats.™ A cystic, vestigial adenohypophysis is present in many 
affected German shepherds, but some have a hypoplastic or a 
norm al - appear! n g pituitary gland. The syndrome is dominated 
by effects of hyposomatotropism, but deficiency of other 
adenohypophyseal hormones can lead to degrees of accompa¬ 
nying secondary hypothyroidism, hypoadrenocorticism, and 
hypogonadism. Affected animals are usually recognizable by 
the age of 2 or 3 months. They grow slowly but retain near- 
normal body proportions. The soft puppy-hair coat is retained 
initially, but symmetric alopecia and hyperpigmentation 
develop with age. Accompanying abnormalities include 
abnormal behavior (aggression, fear biting), delayed dental 
eruption, short mandible, cardiac disorders, cryptorchidism, 
mega esophagus, and testicular atrophy or estral abnormalities. 

Radiographically, limb bones are shortened, with delayed 
closure of growth plates in some cases. Epiphyses may show 
disordered and incomplete calcification, suggesting hypothy¬ 
roidism. Hormonal testing can be undertaken to confirm 
the diagnosis if necessary. Most pituitary dwarf animals can be 
expected to remain small for life. However, two unusual cases 
with typical clinical features at 10 weeks of age grew steadily 
and appeared normal when 1 year old. 7 * 1 Both had normal 
hormonal test results, indicating that growth hormone secre¬ 
tion ideally should be evaluated in suspected cases to clarify 

prognosis. 

Replacement therapy with growth hormone (if available 
and economical), and thyroxine or glucocorticoid if indicated, 
could be considered, but long-term prognosis is poor. 
Another promising approach involves chronic progestin 
administration to induce growth hormone production from 
mammary ductular cells of affected dogs of either seat. 80 


78 


Figure 279-12 A, Forelimb of 15-week-old Great Dane with 

features of congenital hypothyroidism. Reader should note the 
disordered and irregular ossification of epiphyses (epiphyseal dys¬ 
genesis) in humerus, radius, and ulna; the absence of an olecranon 
apophysis; and delayed skeletal maturation. R, Normal Great 
Dane of similar age for comparison, (Courtesy of R.B. Lavelle.) 


Congenital Hypothyroidism Skeletal development is 

abnormal in congenital hypothyroidism, which is rare in dogs 
and cats. Although 


usually encountered sporadically 
in various breeds, some familial occurrences are known: sec¬ 
ondary hypothyroidism with autosomal recessive inheritance 
in giant schn a u zers, 81 primary dyshormonogenesis with auto¬ 
somal recessive inheritance in Abyssinian cats, 82 thyroid unre¬ 
sponsiveness to thyroid-stimulating hormone (TSH) with 
autosomal recessive inheritance in Japanese cats, 83 and thyroid 
unresponsiveness to TSH in related Scottish deerhounds. 84 

Abnormalities may be detectable by the age of I or 
2 months. Affected animals are disproportionate dwarfs, with 
short limbs and spine, blocklike trunks, and broad short skulls. 
The radiographic features are epiphyseal dysgenesis and 
delayed skeletal maturation (Figure 279-12). Nonskeletal 
findings include delayed dental eruption, macroglossia, 
lethargy, mental dullness, persistent puppy haircoat progress¬ 
ing to thinning and alopecia, mild non regenerative anemia, 
and hypercholesterolemia. Thyroid gland enlargement can 
accompany congenital dyshormonogenesis 85 but is absent if a 
hypothalamic-pituitary defect is causing thyroid understimu¬ 
lation 86 or thyroids are unresponsive to TSH. 

A low blood plasma thyroxine concentration is expected, 
but results of other thyroid tests will differ, depending 
whether the defect is of thyroidal, pituitary, or hypothalamic 
origin. The plasma growth hormone response to provocative 
stimuli may be suppressed [ Chapter 235).Treatment with 
thyroxine can reverse many of the abnormalities but should 
commence early and continue for life. 


chondrocytes fail to mature and mineralize adjacent matrix, 
and they accumulate in long columns in the primary spon- 
giosa. 87 The cause of the disorder is unclear, in Great Dane 
pups, formation of cartilage cores in the distal ulnar and tibial 
metaphyses was associated with feeding diets containing 
three-times the recommended content of calcium. 88 

Radiographically a central, radiolucent core of cartilage 
exists that is 5 to 10 mm wide and 2 to 6 cm long, extending 
from distal ulnar physis into metaphyseal bone (Figure 279-13). 
Lesions are usually bilateral. They may be a subdinical radio- 
graphic finding or be associated with varying degrees of growth 
retardation after 5 months of age. Retarded ulnar growth 
causes relative shortening of the ulna, valgus, and rotation of 
the paw, cranial bowing of the radius, and carpal and elbow 
subluxation (see Figure 279-13), 

Craniomandibular Osteopathy 

Cranio mandibular osteopathy occurs mainly in young West 
Highland white, Scottish, Cairn, Boston, and other terriers, 
and occasionally in nonterricr breeds, 89 Autosomal recessive 
inheritance is known in West Highland white terriers, 90 and a 
hereditary predisposition may exist in Scottish terriers. 
However, the sporadic occurrence in unrelated breeds suggests 
other causative factors are also involved. Canine distemper 
virus (CDV) infection of bone has been mentioned as a possible 
cause , m although an epidemiologic study did not indicate a 


on 


Retained Cartilage Cores 

In young large and giant breed dogs, cartilage cores sometimes 
form in the metaphysis of the distal ulna. Physeal hypertrophic 



Skeletal Diseases 


CHAPTER 279 






o ■ 




i 




Figure 279-13 A, Seven-month-old 

Great Dane with bilateral forelimb defor¬ 
mities caused by retained cartilage cores in 
the distal ulnar physes. B, Radiograph 
demonstrating retained cartilage core 

emending from distal ulnar physis 
into die metaphysis. (From Johnson KA: 

Retardation of endochondral ossification at 
the distal ulnar growth plate in dogs, Aust 

Vet J 57:474, 19870 
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bulla-petrous temporal region (13%), The calvarium and 
tentorium ossium are often thickened (Figure 279-15), and 
other skull bones are sometimes affected. Concurrent long 
bone lesions resembling later stages of metaphyseal osteopathy 
have been observed in a few terriers with craniomandibular 
osteopathy. 

The diagnosis is straightforward in cases with typical clinical 
and radiographic features. Routine laboratory tests are unlikely 
to be helpful. Bone biopsy may be useful in atypical cases, 
such as dogs of rarely affected breeds with lesions confined 
the mandible, especially if unilateral. The histopatho 1 ogy 
involves resorption of existing lamellae, proliferation of coarse 


direct relationships 1 The condition is usually recognized at 
age of 3 to 8 months, when affected pups develop mandibu¬ 
lar swelling, drooling of saliva, prehension difficulties, pain on 
opening the mouth, or some combination of these signs. The 
clinical course may fluctuate, with periods of remission and 
exacerbation. Abnormal physical findings comprise firm, often 
painful, swelling of mandible, temporomandibular region, or 
both areas. Periods of pyrexia occur in some cases. Restricted 
jaw movements and atrophy of masticatory muscles may be 
obvious in severely affected dogs. Mandibular swelling with¬ 
eating difficulties occurs in some dogs, especially 


to 


out pain or 


of larger breeds. 

Radiographic changes are generally bilateral but often 
asymmetric, with irregular bony proliferation involving the 
mandible and tympanic bulla-petrous temporal bone areas in 
about 50% of cases. However, changes can be confined to die 
mandible (33% of cases] (Figure 279-14' or the tympanic 












V 


.* 


¥ *A_ 


. ■ 


H 




i 


w * A. • .1 
A . ;■ 


A 




% 








• • •, 








« l 




5 r ► 




L; 


.-I--.. : 


r. 




rt 


<*■1 




fcwF 


j 


V* 


• I MiV . i 


• • 


r 


i 






tii: i •' 1 






V 


7 


l 


V 










tv 




y< 


5 > 




t* ■ 


.• 


% 


•- 








rap 


V * 






3 


x 


i 








* • 


4 :a 


M- 


I. 


ft 


f 








-■ 


r i. 


4* 




ill 


i 


i 




r 


k 








VI 


Figure 279-14 Macerated skull of a Doberman pinscher with 
craniomandibular osteopathy. Reader should note extensive bone 
changes involving mandible. r ! Vmpanic bullae, petrous temporal 
bones, and temporomandibular joint (TMJ) regions were unaf¬ 
fected in this dog. (From Watson ADJ et al: Craniomandibular 
osteopathy in Doberman pinschers, J Small Anim Pract 16:11, 

1975.) 
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Figure 279-15 Skull of Scottish terrier with craniornandibuLn 
osteopathy. The tympanic bulla-petrous bone area (7) shows 
dense sclerotic bone changes. Reader should note thicken* *d 
calvarium (CJ and tentorium osseum (arrow). 
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trabecular bone beyond normal periosteal boundaries, 
replacement of marrow spaces by vascular fibrous stroma, and 
infiltration at the periphery of new bone by inflammatory 
cells. A mosaic pattern of irregular cement lines is present in 
the new primitive bone. 552 

Cram ©mandibular osteopathy is self-limiting. Abnormal 

bone proliferation eventually slows and becomes static at 
about l year of age* Lesions then tend to regress, although 
radiographic abnormalities or impaired prehension sometimes 
persist* Anti-inflammatory drug treatment can reduce pain and 
discomfort, but the effect on lesions is unknown. The 




. ... 


p rogno- 

sis Is guarded when extensive changes affect the tympanic- 
petrous temporal areas and adjacent mandible. Ankylosis and 
adhesions may then develop, permanently restricting jaw 
movements and eating. Rostral hemimandibulcctomy can be a 
useful salvage procedure in these cases 44 




Multiple Cartilaginous Exostoses 

In rare instances these benign lesions (osteochondromatosis 
multiple hereditary osteochondromata) 
cats, as single or multiple exostoses. The disorder may be 
inherited as an autosomal dominant trait in humans, horses, 
and dog$* 93 ^ Protuberances consist of cancellous bone 
covered by a cap of hyaline cartilage and arise in the meta¬ 
physeal region of bones formed by endochondral ossification. 
With continued physea! growth and elongation of long bones, 
exostoses may be finally located in the diaphysis. Lesions 
develop and grow most rapidly in immature animals, becom¬ 
ing senescent at maturity* Malignant transformation of exos¬ 
toses to chondrosarcoma occurs rarely in aged animals. 555 -'* 

The cause is unknown* One hypothesis is that congenital 
or acquired defects in the perichondrial ring allow an island of 
physea] cartilage to be pinched off and trapped in metaphy¬ 
seal bone. This physea] cartilage continues to grow radially, 
giving rise to exostoses. However, this does not explain the 

similar lesions found occasionally in nonskeletal sites, such 
tracheal cartilages. 

Superficially located exostoses may be palpable* Signs may 
include paresis due to progressive spinal cord compression in 
young animals (see Chapter 193) or pain due to impingement 
of exostoses on adjacent tissues, y7 Radiographically, lesions 
rounded to ca ulifl o wer-1 i ke in outline, with a smooth thin 
shell of cortical bone (Figure 279-16). They protrude above 
the bone contour and may extend into the medullary cavity. 
Internally, exostoses have well-defined bone trabeculae that 
are continuous with the medullary cavity, and diaphyseal 
cortex in the region is interrupted by the lesion* Adjacent 
hones such as ulna and metacarpals may be deformed 
by expanding exostoses (see Figure 269-16)* Solitary 
loses are biopsied to allow differentiation from neoplastic 
lesions. Surgical excision of exostoses that are causing 
spinal cord compression or lameness is recommended (see 

Chapter 193) 97 All exostoses should be monitored for malig¬ 
nant transformation. 


in dogs and 


occur 


ft# 


M IJ+C 


Figure 279-16 Radiograph demonstrating a solitary multiple 
cartilaginous exostosis-type lesion in the forehmb of a young dog. 
Reader should note the expansile lesion of the proximal radius, 
causing malalignment of the radius and attenuation of adjacent 

ulna. (Courtesy of R.8, Lavelle*) 


as 


include anorexia, lethargy, pyrexia, and weight loss. On physical 
examination, pain is detected on deep palpation of affected 
bones. Bones commonly affected are the ulna, humerus, 
radius, femur, and tibia. Ilium, metatarsal, and other bones 
rarely affected* The disease begins in the medullary bone 
marrow, in the region of a nutrient foramen. 

The cause is unknown: genetic predisposition, hemophilia, 
bacterial infection, vascular abnormality, metabolic disease, 
allergy, hyperestrogen ism, and endo parasitism have been 
proposed, but the evidence for most of these is scant. 9 * Viral 
infection is considered a possible cause, based on clinical 
features of the disease, transmission experiments, and in sim 
hybridization demonstration of virus in bone cells of dogs 
infected with CDV. 9 * ,m A relationship between enostosis and 
ingestion of protein-and-energy-rich foods was suggested 
recently, and changes in protein or ammo acid metabolism 
were reported in affected dogs. 101 

Three radiographic stages are recognizable 98 The first 
stage* with medullary radiolucency due to bone marrow 
degeneration, is infrequently seen. Most often detected is the 
second stage (Figure 279-17)* A granular, hazy increased 
radiopacity that begins in the region of the nutrient foramen 
may extend to fill the entire medullary cavity. Formation of 
new endosteal bone and a thin layer of smooth periosteal bone 
are secondary changes. In the final stage, most bones return to 
normal appearance, but some have residual thickening of 
medullary trabeculae and cortical deformity. 

Hist ©pathologically, lesions are characterized initially by 
replacement of normal marrow by fibrous tissue, followed by 
excessive remodeling of cortical and medullary bone in the 
affected areas, with endosteal new bone formation generally 
more prominent. 98 Basenjis and West Highland white terrier 
dogs with inherited pyruvate kinase (PK) deficiency 


are 


exos- 


IDIOPATHIC BONE DISORDERS 


Enostosis 

Enostosis (panosteitis. eosinophilic panosteitis) is a relatively 
common disease causing lameness in medium, large, and giant 
breed dogs, 98 Amongst breeds at greatest risk are Great 
Pyrenees, Basset hound, Shar Pei y mastiff, giant schnauzer, and 
German shepherd dog." 19 Two thirds of affected dogs arc male. 
The age of onset is 6 to 18 months; older dogs are rarely 
affected. Lameness is acute in onset, not associated with 
trauma, and intermittent in one or more limbs. Each episode of 
lameness lasts 2 to 3 weeks but, with recurrent bouts, enostosis 
may persist for 2 to 9 months. Other signs in early stages 


can 
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within a few days, but others have one or more relapses during 
the following weeks before they finally recover In a few 
instances, repeated relapses and consequent pain, cachexia, 
and debility, necessitate euthanasia. Unexplained deaths have 

been observed rarely* 

Radiographic changes occur especially in metaphyses of 
limb bones and are usually bilateral. Scapulae and ribs may 
also be affected. In the early stage, an irregular radiolucent 
zone is present in the metaphysis, separated from the normal* 
appearing growth plate by an opaque band (Figure 279-18, A). 
Surrounding soft tissue may be swollen. Later radiographs 
may show metaphyseal enlargement with irregular periosteal 

bone formation, although not all affected dogs develop 
these changes (Figure 279-18, B). Once the disease is no 
longer active, bone changes undergo repair and remodeling, 
but some diaphyseal distortion and exostoses may 

[Figures 279-18, C, and 279-19). 

Hematologic and biochemical tests contribute little to the 
diagnosis, although neutrophilia, monocytosis and lymphocy¬ 
topenia can occur during active disease, reflecting stress and 
inflammation. The principal histologic changes involve the 
primary spongiosa of metaphyses, with acute suppurative 
osteomyelitis, necrosis, trabecular microfractures, and defec¬ 
tive bone formation. Trabecular resorption produces the radi- 
olucent metaphyseal zone. The opaque band near the growth 
plate results from trabecular collapse and secondary bone for¬ 
mation. Periosteal thickening, with subperiosteal fibrosis and 
inflammation, periosteal new bone formation, extraperiosteal 
dystrophic calcification, or a combination of these abnormali¬ 
ty es m ay be seen * 103 

The cause of metaphyseal osteopathy is unknown. Prior 
suggestions implicating hypovitaminosis C, ovemutrition, or 
copper deficiency have not been substantiated. Attempts to 
identify a causative infectious agent or to transmit the disease 
have not been successful. However, CDV RNA has been 
detected within bone cells of dogs with metaphyseal osteopa¬ 
thy, suggesting a role for this virus in the etiopathagenesis. 
Other circumstantial evidence supports this 103 ' 105 : Metaphyseal 
osteopathy may be accompanied or preceded by respiratory 
gastrointestinal (Gl) signs; dental enamel hypoplasia, a 
sequel to distemper infection, was found in two dogs with 
metaphyseal osteopathy; three of seven dogs inoculated with 
blood from dogs with metaphyseal osteopathy developed dis¬ 
temper; and typical bone changes have developed in some 
pups 4 to 21 days after inoculation with live distemper virus 
vaccine. However, the osteosclerotic metaphyseal lesions 
found in a series of dogs clinically affected with distemper dif¬ 
fered macroscopically, radiographically, and histologically 
from metaphyseal osteopathy, 1 ** 1 Any relationship between 
distemper virus, metaphyseal osteopathy, and other hyperos¬ 
totic bone diseases (cramomandibular osteopathy and enosto- 
sis) remains uncertain* An epidemiologic study concluded 
that, apart from the obvious age effect, risk factors for meta¬ 
physeal osteopathy, craniomandibular osteopathy, and CDV 
infection w T ere dissimilar.^ 1 Metaphyseal osteopathy has been 
reported in related dogs of several breeds, including 
Weimaraner littermates. 105 ’ 107 However, most cases are sporadic, 

affecting isolated pups in a litter 

No specific treatment exists for metaphyseal osteopathy. 

Dietary imbalances or excesses should be avoided and an 
anti-inflammatory analgesic given as needed to reduce pain. 
Good nursing care may be required to avoid dehydration, 

undemutrition and pressure sores* 

Calvarial Hyperostosis 

An unusual hyperostosis affecting frontal and parietal hunt s 
was reported in two unrelated bull mastiffs* 101 From age 
6 months there was progressive outward thickening ol the 
calvarium (the cranial cavity was unaffected) with pyrexia 
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Figure 279*17 Radiograph of a fore limb of a young dog with 

enostosis, showing patchy intramedullary densities in the humeral 
diaphysis. (Courtesy of Veterinary Imaging Associates, Sydney, 

Australia.) 






develop intramedullary osteosclerosis but, unlike enostosis, 
new trabecular bone formation is uniform throughout the 

medullary cavity. 102 

Enostosis can occur concurrently with developmental dis¬ 
eases such as ununited anconeal process and osteochondritis 
dissecans, and it may be difficult to determine which disease 
is causing lameness. Leukocytosis and eosinophilia occur 
inconsistently in affected dogs; serum chemistry is unremark¬ 
able. Enostosis is self-limiting, usually by age 18 months, but 
analgesic NSAIDS may help alleviate pain and lameness. 

Metaphyseal Osteopathy 

Metaphyseal osteopathy (hypertrophic osteodystrophy) is a 
disease of young rapidly growing dogs of larger breeds. Breeds 
at particular risk include Great Dane, Weimaraner, boxer, Irish 
setter, German shepherd, and Labrador and golden retrievers. 
Signs usually begin at 3 to 4 months of age (range 2 to 8 months), 
with metaphyseal swelling and pain, accompanied by depres¬ 
sion, in appetence, and variable pyrexia. Some 
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Fig u re 279-18 Radiographs of metaphyseal osteopathy A, Early stage with irregular radiolucent 
zone (arrows) separated from the physis by a narrow radio-opaque band. B, Later stage with 
radiolucent metaphyseal zones (bottom two arrows) adjacent to the physes still evident. Periosteal 
new bone and soft tissue mineralization ftop fiuo a trows) adjacent to the metaphyseal cortex. 
C, Inactive stage with residual diaphyseal deformity and speculated periosteal exostoses. 


lymph adenopathy and eosinophilia. The swelling stabilized 
at maturity then regressed, llie lesion was a subperiosteal 
hyperostosis with initial deposition of new woven bone 
followed by secondary osteonal remodeling. Similarities 


inherited PK deficiency and human infantile cortical 

hyperostosis, im.iob.io9 

Multifocal Osteopathy 

An idiopathic multifocal osteopathy was described in four 
young adult Scottish terriers, of which at least three 
genetically related (fourth pedigree unavailable]. 1111 The con¬ 
dition was characterized by multifocal absence of bone in 
skull, cervical spine, radius, ulna, and femur {Figure 279-20). 
Histopathologic findings in one case indicated osteoclastic 
osteolysis and replacement of bone by fibrous tissue. 
Associated clinical signs included reluctance to move, stiff and 
stilted gait, carpal valgus and laxity, drooling and dysphagia. 


% 


were 


Avascular Necrosis of the Femoral Head 

Avascular (or aseptic) necrosis of the femoral head [Legg- 
Calve-Perthes disease) occurs in adolescent dogs. Miniature 
and small dog breeds are mostly affected, but Australian shep¬ 
herd dogs also have increased risk of developing this disorder. 39 
Within the predisposed small breeds, about 2% of individuals 
are affected, without apparent sex predi 1 ection. Clinically 
affected individuals are commonly presented at 4 to N months 
of age with hind leg lameness, usually unilateral but 
times bilateral (12% to 20% of cases). The onset of lameness 
is usually gradual, though there may sometimes be a history of 
trauma. The severity varies from a slight limp to complete 
non weight-be a ring lameness. Pain and reduced range of 
ment are found on 


some- 


m ove- 

™ palpating the affected joint. Crepitus, 
shortening (up to 2 cm) of the affected limb (largely due to 
muscle spasm), and muscle atrophy may be evident at initial 
presentation. 

The cause of this condition is unknown, but autosomal 
recessive inheritance has been suggested for West highland 


Figure 279-19 Humerus, ulna, and radius of 


■ 


a young 

breed dog that suffered metaphyseal osteopathy. Reader should 
note the severe deformities and periosteal new bone. 
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Figure 279-21 Later stage Legg-Calve- Perthes disease. Reader 

should note the multifocal osteolysis of the femoral head, thick¬ 
ened femoral neck, and increase in width of joint space. [Courtesy 
of Veterinary Imaging Associates, Sydney, Australia.) 


Excision arthroplasty ts advisable if conservative treatment 
does not produce clinical improvement within 4 weeks , 1u 


Secondary Hypertrophic Osteopathy 

In secondary hypertrophic osteopathy (pulmonary hyper¬ 
trophic osteoarthropathy), firm non edematous swelling devel¬ 
ops in all four limbs, usually in response to intrathoracic disease, 
most often neoplasia. Of 180 canine cases, 98% had intratho* 
racic disease, and 92% of these had either metastatic lung 
neoplasia or primary tumors of lung or thoracic esophagus. 

A few dogs had pneumonitis, endocarditis, or dirofilariasis. Of 

lacking intrathoracic disease, three had urinary 


113 


Figure 279-20 Radiograph of the antebrachium of a Scottish 

with multifocal osteopathy. Reader should note the 
marked attenuation in diameter of the radial diaphysis. (Courtesy 

of CW. Hay.) 


four cases 

rhabdomyosarcoma and one had hepatic carcinoma. Because 
of the association with neoplasia, secondary hypertrophic 

mostly in older animals. No breed or 

gender predilection exists in dogs. The disorder is 

Signs related to limb changes often precede signs of tho¬ 
racic disease, but they can begin simultaneously with or after 
thoracic signs. Affected animals are stiff and reluctant to 

Swelling of all limbs occurs, which are warm, firm, and 
may be painfuh Thoracic disease may be manifested by cough, 
dyspnea, abnormal lung sounds, or cardiac displacement. 
Abnormal laboratory findings, if any, are related to the under¬ 
lying in tra thoraci c disease. 

Radiographic changes are characteristic: soft tissue swelling 
of distal extremities initially, then periosteal new bone forma- 

irregular nodules perpendicular to the cortex 

smoother parallel deposits (Figure 279-22). Bone changes 

begin distally and may spread proximally to involve humerus 
and scapula, femur, and pelvis. Ribs and vertebrae are some¬ 
times affected. 

On histologic examination, the bones are surrounded by 
highly vascular, dense connective tissue containing numerous 
thick-walled arteries. The osteogenic layer of the periosteum i 
hyperplastic, and overlies maturing and remodeling trabecular 
bone. The pathogenesis of secondary hypertrophic osteopathy 
involves increased blood flow to the distal extremities, then 
overgrowth of connective tissue and subsequent osteonrngen- 
esis. This seems to involve a neural reflex originating in the 


terrier 


occurs 


rare in cats. 




white and Yorkshire terriers, toy and miniature poodles, and 
pug dogs, 111 Early exposure to sex hormones, a consequence 
of precocious sexual maturity in small breeds, may be a factor. 
Another suggestion is that injury or infection and increased 
synovial fluid in the hip joint disrupt the blood supply to the 
femoral epiphysis while the growth plate is present. 
Continued weight bearing could then lead to collapse and 

remodeling of the femoral neck and head. 

One of the earliest radiographic changes in this disorder is 
increased radio-opacity of the affected femoral head. Later 
changes include an apparent increase in joint space width, 
shortening and widening of the femoral neck, irregular opacity 
of femoral epiphyseal and metaphyseal regions, and flattening 
and irregularity of femoral articular cartilage (Figure 279-21), 
Secondary osteoarthrosis and acetabular osteophytes may also 

be evident. 

Conservative treatment (short walks on a leash several 
times daily, swimming, analgesic drug as needed) produces 
satisfactory outcomes in 25% to 30% of affected dogs, whereas 
femoral head and neck excision, when performed correctly, 
gives good to excellent results in 67% to 85% of cases, 
though slight intermittent lameness may remain. " 
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Figure 279*22 Radiograph of distal forelimb of a dog with 

secondary hypertrophic osteopathy. Periosteal new bone growth 
occurs, with nodular appearance affecting the metacarpals and 
digits. Adjacent soft tissues are thickened. Courtesy of Veterinary 
Imaging Associates, Sydney, Australia.) 


Figure 279*23 Radiograph demonstrating medullary bone 

infarction in an aged dog with osteosarcoma (OJ of the olecranon. 
The multiple areas of medullary sclerosis in the radius and ulna 
are infarcts. 


radiographically by numerous, irregularly demarcated areas of 
increased radiopadty in the medullary cavities of one or more 
bones [Figure 279-23). The densities obliterate medullary 
cavities to varying degrees. Any bone may be affected, but 
infarcts are mainly found distal to elbow and stifle. lH 

The pathogenesis of the disorder is unknown and does not 
seem to be due to metastatic tumor cell dissemination. 
However, intramural collagen deposition causes occlusion of 
nutrient arteries, hypoxia and widespread necrosis of 
medullary soft tissues and bone, and new bone proliferation 
on endosteum and medullary trabeculae, 114 Common causes 
in humans are dysbaric conditions, fat embolization, hyper- 
adrenoeorticism, hyperviscosity, hemoglobinopathy, and 
anemia. Medullary bone infarcts should be differentiated from 
enostosis, bacterial and fungal osteomyelitis, and metastatic 
neoplasia. 

Bone Cyst 

Benign cystic bone lesions, either monostotic or polyostotic, 
are uncommon in dogs and cats. Young dogs of larger breeds 
are affected most often, with Doberman pinschers and 
German shepherds over-represented Males 
twice as often as females. The cause is unknown, but may 
involve intramedullary metaphyseal hemorrhage, local distur¬ 
bance of bone growth, or other factors. H3 Heritable factors 
might also be implicated, because lesions occurred in three 
Doberman pinscher littermates and in three Old English 
sheepdogs littermates and both parents. 

Bone cysts may be subclinical until they are large or fracture 
with trauma. Pain, lameness, and local swelling may ensue. The 
lesions occur in metaphyses and adjacent diaphyses of long 
bones, sparing growth plates and epiphyses. The distal radius 
or ulna (or both) are affected most often. The cysts are lined 


thorax and affecting connective tissue and periosteum of the 
limbs. The efferent pathway apparently involves nerve fibers 
that leave the lung near the bronchi and join the vagus in the 
mediastinum. The nature of the efferent connection, whether 
neural or hormonal, is unknown. Regression of secondary 
hypertrophic osteopathy may follow removal of the source of 
afferent impulses by excision of the lung lesion, or interrup¬ 
tion of the afferent fibers by peribronchial dissection or vago¬ 
tomy. There may be an alternate afferent pathway from 
parietal pleura along intercostal nerves, because regression has 
sometimes followed thoracotomy and section of intercostal 
nerves or extensive resection of a neoplasm of the thoracic 
wall. The rare association with intra-abdominal lesions is 
obscure. 

Treatment should be directed against the underlying 
thoracic disease, using appropriate medical or surgical methods* 
Successful resection of lung lesions by lobectomy or pneu¬ 
monectomy can quickly remove pain, soft tissue swelling, and 
lameness. The bone abnormalities usually regress gradually 
over several months. Where complete removal of lung lesions 
is not possible, the skeletal signs may be ameliorated by 

removal of larger lesions even if multiple small lesions remain. 
Relief may also follow intmthoracic vagotomy on the same 
side as the lesion, or on the worse affected side if metastases 
are bilateral. 

Medullary Bone Infarction 

Medullary bone infarcts do not cause clinical signs in dogs. 
They affect older dogs and are usually found in conjunction 
with osteosarcoma and, occasionally, skeletal fibrosarcoma 
renal adenocarcinoma. 114 115 Bone infarcts are characterized 
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soft tissue or bone (Figure 279-25). A triangle of laminated 
periosteal new bone (Codman's triangle) forms at the junc¬ 
tion between cyst and adjacent normal diaphyseal bone. Some 
have an underlying tumor (osteosarcoma, giant cell tumor) 
that complicates diagnosis. Signs may be suddenly exacerbated 
by neoplastic erosion of vessels and intralesional hemorrhage 
or by fractured 19 Uncomplicated lesions have a good prognosis 
when treated by en bloc resection, amputation, or curettage. 
Nonresectabie lesions in man are irradiated to stop bleeding 
and lesional growth, but postirradiation sarcoma can ensue. 

Subchondral Bone Cyst 

Subchondral bone cysts are benign lesions in subchondral 
bone between growth plate and articular cartilage. 121 They are 
usually lined with synovium and occasionally communicate 
with the articular synovial membrane. Radiographs show a 
single or multilocular radiolucent defect with well-eircumscnbed 
borders. They are common in horses and pigs and usually a 
manifestation of osteochondrosis. 7 This association was also 
noted in a dog, 171 

Fibrous Dysplasia 

Fibrous dysplasia is a rare fibre-osseous lesion of bone 
believed to be of developmental origin, 7 It affects mainly 
young or newborn animals and may be monostotic or polyos¬ 
totic The lesions are expansile and may cause problems of dis¬ 
figurement or compression of adjacent structures or bone 

weakness and fracture (Figure 279-26). Monostotic lesions 
have been reported in the jaw or infraorbital bone of dog, and 
in mandible, maxilla, or distal ulna of cats. 127 ' 1 -* Fibrous dys¬ 
plasia, aneurysmal bone cysts, and benign bone cysts are dis¬ 
tinct entities but have been confused in the veterinary 

literature, 124 

The lesions have marked homogenous radiopadty and are 
composed of firm, gray fibrous tissue that is gritty when cut. 
Histologically, they consist of fibrous connective tissue stroma 
containing spicules of woven bone replacing normal osseous 
tissue. Cavities of various size containing dear or bloody fluid 
may be scattered throughout. 7 Two feline lesions were 
resected, and both patients were free of recurrence 4 years 
later. 122 

Central Giant Cell Granuloma 

This rare, non-neoplastic lesion affects the tooth-bcaring 
regions of maxilla and mandible of young dogs, 1 Trauma- 
associated intraosseous hemorrhage seems to be an initiating 
factor Radiographically the lesion is a rounded to ovoid, 
expansile, uniloculated radiolucency that is well demarcated 
from surrounding tissue by a thin rim ot smooth non reactive 
bone. Adjacent teeth may lose their laminae dura and be 
displaced, but tooth root resorption is rare. The center of the 
lesion consists of tan-colored soft tissue composed mainly of 
loose fibrovaseular stroma containing pleomorphic mesenchy¬ 
mal cells and numerous large, irregular multinudeated giant 
cells. These cells arise from mesenchymal tissue and are 
neither osteoclasts nor involved in bone resorption* The 
lesions resemble giant cell tumors histologically. T he latter are 
potentially malignant tumors that cause extensive destruction 
at the ends of long bones. Because central giant cell granuloma 
is rare, diagnosis should be confirmed by biopsy* Treatment is 
by curettage or en bloc resection , 12 - 


120 


Figure 279-24 Bone cyst in distal femur of a young Doberman 
pinscher. The lesion has expansile, lytic appearance, with thinning 
of overlying cortex. Bony ridges or partitions are evident internally. 


by a thin membrane and contain fluid that may be blood 
tinged* Radiographically, the lesions are lytic and expansible, 
with thinned cortex and little or no periosteal reaction. There 
may be one or several chambers, partially divided by bony 
ridges or partitions (Figure 279*24). 

Alternative diagnoses are atypical bone neoplasia, aneurys¬ 
mal bone cyst, and fibrous dysplasia of bone. Fine needle aspi¬ 
ration biopsy and cytologic examination may be useful: only a 
benign bone cyst is likely to be fluid filled, although the other 
lesions may contain areas of cystic degeneration or hemor¬ 
rhage. If uncertainty persists, surgical biopsy and histopatho¬ 
logic study are indicated. To stimulate healing of bone cysts, 
surgery has been advocated, using drainage, curettage, bone 
grafting, and external support to prevent fractures. Some 
untreated cysts heal spontaneously without surgery, although 
pathologic fracture of cystic bone is a risk. 117 

Aneurysmal Bone Cyst 

Aneurysmal bone cyst is a n on-neoplastic lesion that results in 
considerable local bone destruction. Although common in 
man, it is rare in dogs and cats. Lesions arise in ribs, pelvis, 
scapula, spine, and metaphyses of long bones in young adults 
and geriatric animals. ni *- 119 The cause is unknown, but tumors, 
developmental abnormalities, and trauma-induced hemor¬ 
rhage causing venous obstruction or arteriovenous shunts in 
bone marrow have been suggested as initiating factors, 7 
Localized partial disruption of medullary blood flow results in 
endosteal bone resorption and outward displacement of the 
periosteum* The periosteum forms successive layers of woven 
bone that are resorbed as the lesion expands, producing the 
appearance of a ballooning aortic aneurysm. 7 Blood-tinged fluid 
and fibrovaseular tissue fill the lesion which has a honeycomb 
appearance with huge vascular channels. Radiographically, 
it appears as a large expansile cyst, with minimal internal 

trabecular septation, surrounded by thin rim of mineralized 
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METABOLIC, NUTRITIONAL, AND ENDOCRINE 
BONE DISORDERS 


The term metabolic bone disease is used here to encompass 
various conditions that cause generalized reduction in bone 
mass, or osteopenia. Osteopenia can be categorized into excessive 
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Figure 279*25 Aneurysmal bone cyst of the tibia in a 2-year-old boxer 
dog that had sustained a tibial fracture 


; a puppy A, Reader should note the 
angular deformity of the diaphyses of the tibia and hbular due to fracture malu- 


nion. A large cystic cavity in the proximal tibia i 


associated with a soft tissue 


is 


mass cranial to the tibia. B, Arteriogram showing a dilated, tortuous 

arteriovenous fistula extending from the tibia into adjacent soft tissue. 
(Courtesy of J,H, Marti.) 


bone resorption, or osteolysis , as occurs in hyperparathyroid 
states, and defective bone formation. The latter is further sub¬ 
divided into insufficient formation of osteoid, or osteoporosis, 
and defective mineralization of osteoid, or rickets-osteomalacia t. 

Major causes of metabolic bone disease involve nutritional 
or hormonal processes (or both). The more important causes 
discussed here are nutritional secondary hyperparathyroidism, 
rickets, renal osteodystrophy, and hypervit a m i n o $ i s A. Other 
metabolic bone diseases that rarely produce bone-related clin¬ 
ical signs are mentioned briefly. 


phosphate concentrations by promoting mineral resorption 
from bone, enhancing intestinal calcium absorption, and facil¬ 
itating renal phosphate excretion and calcium retention. 
However, continued ingestion of the defective diet sustains 
the hyperparathyroid state and causes progressive skeletal 
demineralization and consequent clinical signs. 

Nutritional secondary hyperpa rathyroi dism causes clinical 
disease in pups and kittens of all breeds, but it also occurs occa¬ 
sionally in adults. Signs in young animals are lameness, reluctance 
to stand or walk, and skeletal pain. Costochondral junctions and 
metaphyses may appear swollen, and pyrexia is sometimes pre¬ 
sent. Bone fractures can follow relatively mild trauma. Limb 
deformity may be evident. Paresis or paralysis may result from 
vertebral compression, and constipation may follow pelvic col¬ 
lapse. Effects are less dramatic in adults, but generalized 
osteopenia and skeletal pain are sometimes seen, and resorption 
of alveolar bone may cause loosening and loss of teeth. 

Radiographically, decreased bone density and thin cortices 
are seen, with or without fracturing (Figure 279-27). Growth 
plates are normal, but metaphyses may be mushroom shaped. 
An area of relative radio-opacity occurs in the metaphyses 
adjacent to growth plates, representing the area of primary 
mineralization, and may be best appreciated in the distal 
radius and ulna (Figure 279-28), 


Nutritional Secondary Hyperparathyroidism 

Nutritional secondary hy perpa ra th y ro i dism is a metabolic dis¬ 
order in which bone production is normal but osteopenia 
results from excessive bone resorption. 3t is caused by diets 
providing excess phosphate, insufficient calcium 
Affected animals have usually been fed mainly meat, organ 
tissue, or both. This provides adequate phosphate but insuffi¬ 
cient calcium, and Ca/P ratios of about 1:16 to 1:35, 126 which 
contrast with the recommended 1,2:1 for dogs and 1:1 for 

cats. Added cow's milk provides insufficient calcium to cor¬ 
rect 


or both, w 


the imbalance. The imbalance induces hypocalcemia, 
which increases secretion of PTH, Increased parathyroid 
activity tends to normalize blood calcium and inorganic 
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ratio of 2:1 . This is maintained for 2 to 3 months, after 
which the supplement is withdrawn. Oversupplementation 
with calcium should be avoided. For severely affected cases 
parenteral administration of calcium (eg., 10 to 30 mL 
10% calcium gluconate solution by slow intravenous infusion 
daily for 3 days) may help reduce pain and lameness initially, 
but it does little to correct the calcium deficiency. An NS AID 
might be useful for short-term analgesia. The prognosis is 
generally good, unless skeletal deformity and disability are 
marked. 

Rickets 

Clinical cases of rickets are rare in dogs and cats. Rickets and 

its adult equivalent, osteomalacia, occur when insufficient 
calcium, phosphorus, or both is available for mineralization of 
newly formed osteoid. The more likely causes of rickets in 
dogs and cats are bypovitaminosis D (dietary deficiency), 127 
inborn error in vitamin D metabolism,or low availability of 
minerals from the diet (inadequate concentration, impaired 
absorption). Dogs and cats do not synthesize cholecalciferol 
(previtamin D 3 ) in skin exposed to ultraviolet (UV) light, and 
are mainly dependent on dietary intake. 

Affected animals may be lame and reluctant or unable 
to walk. Fractures or bending of long bones can occur, 
E n 1 argement of c ostochondral j un ction s an d metaphyses may 
be evident. Other possible abnormalities are delayed dental 
eruption, weakness, Ustlessness, and neurologic signs (excitabil¬ 
ity, tremor, convulsion, and coma) from hypocalcemia. Potential 
blood test abnormalities include low calcium, low inorganic 
phosphate, increased alkaline phosphatase, increased PTH, 
and low 25-hydroxycholecalciferol (the storage form of 
vitamin D). 127 - 128132 

Characteristic radiographic findings are axial and radial 
thickening of growth plates and cupping of adjacent meta¬ 
phy ses (Figures 279-29 and 279-30). The distal ulnar growth 

plates are consistently the most severely affected, and this 
finding reflects a failure of mineralization of cartilage that is 
being produced at the normal rate. Additional findings 
osteopenia, thin cortices, and bowed diaphy 

When dietary deficiency is suspected, therapy requires a 
regular diet with adequate and not excessive amounts of 
calcium, phosphorus, and vitamin D, 127(132 The regimen 
described for nutritional secondary hyperparathyroidism 
would be appropriate. Treatment with dihydrotachysterol was 
effective in a dog in which an inborn error in vitamin D 
m et abolism was suspected 

Renal Osteodystrophy 

Renal osteodystrophy is an osteopenic disorder that results 
from chronic renal failure (CRF), This complex abnormality 
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figure 279-26 Fibrous dysplasia in the ulnar diaphysis, with 

secondary lysis and new bone formation in adjacent radial cortex. 
(Courtesy of P.A. Manley) 


Blood biochemical tests are of little value in confirming 
nutritional secondary hyperparathyroidism. The calcium con¬ 
centration is usually within the reference range because of 
compensatory changes. Concentrations of inorganic phos¬ 
phate and alkaline phosphatase may appear high but should 
be interpreted carefully because growing animals often have 
higher values than adults. 

Affected animals should be confined for the first few weeks 
of treatment to reduce the risk of fractures and deformity, 
A good quality, nutritionally complete commercial ration should 
be fed. For all but mildly affected cases, sufficient calcium 
carbonate should be added to produce a cakiurn/phosphorus 
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Figure 279-27 Abdomen of kitten with nutri¬ 
tional secondary hyperparathyroidism. Reader 
should note poor contrast in radio-opacity between 
bones and soft tissues such as liver and kidneys. 

The cortices of long bones are thin, vertebrae are 
lucent, and the vertebral column is deformed in the 
thoracolumbar area. 
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Figure 279-29 Foreleg of a 12-week-old Saint Bernard with 

rickets due to an inborn error in vitamin D metabolism. Enlarged 
physes and cupping of adjacent metaphyseal bone are features of 
rickets, (From Johnson KA et al: Vitamin D-dependent rickets in 
a Saint Bernard dog, J Small Anim Pract 29:657, 1988.) 
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Figure 279-28 Foreleg of a pup with nutritional secondary 
hyperparathyroidism. Bone is abnormally radiolucent and cortices 
are thin. Growth plates are normal, but relatively radio-opaque 
zones are present in the adjacent metaphyses (representing areas 
ot primary mineralization of osteoid)* 


improve calcium balance or administering cakitrioJ to control 

hyperparathyroidism (see Chapters 258 and 260), 

Hypervitammosis A 

Prolonged intake of excessive vitamin A supplements or inges¬ 
tion of mainly liver diets can cause osteopathy. The major 
finding in older cats is extensive, even confluent, exostoses and 
enthesophytes involving cervical and cranial thoracic verte¬ 
brae (Figure 279-31). Enthesophytes may also form around 

limb joints, especially shoulder or e!bow r which may reflect 
increased sensitivity of tendon, ligament, and joint capsule 
attachments to the effects of tension. 1,3 * ,w 

The lesions are painful in the early stages and may ankylose, 
causing neck stiffness and abnormal posture. Associated clinical 
signs are lethargy, depression, irritability, poor grooming, lame¬ 
ness, and gingivitis. 113 Experimental vitamin A toxicosis in 

young animals depressed chondrocyte and osteoblast activi¬ 
ties, which produced thin bone cortices, retarded long bone 
growth, and produced loose or lost teeth in kittens. 134 J 35 
Puppies had joint pain, thin bone cortices, and retarded bone 

growth. 136 

Treatment necessitates avoiding the source of vitamin A* 
Ma ture ca ts will improve clinically, bu t rigi di ty from a nkylosis 
will probably remain despite bone remodeling. Bone growth 
may be retarded permanently in young animals, 154 

Other Endocrine and Nutritional Bone Disorders 

Primary Hyperparathyroidism With uncontrolled hyper¬ 
plastic or neoplastic proliferation of parathyroid tissue, 
sive secretion of PTH may cause increased bone remodeling 
and skeletal demineralization. This could lead to lameness, 


* 


involves both hyperparathyroidism (excessive bone resorption) 
and rickets-osteomalacia (impaired osteoid mineralization). 
Hyperparathyroidism results from impaired renal excretion 
of phosphate and consequent hyperphosphatemia. This 
lowers blood calcium concentration, increases parathyroid 
gland activity, and induces bone resorption. Although this 
tends to normalize blood calcium concentrations, the hyper- 
parathyroid state is maintained by persisting hyperphos¬ 
phatemia. Concurrently, synthesis of 1,25 dihydroxyvitamin 
D declines because of reduced functional renal mass. This and 
other metabolic derangements lead to severe depression of 
enteric calcium absorption, impaired mineralization of 
osteoid, and thus rickets-osteomalacia. 

The syndrome i$ dominated by signs of renal failure and 
uremia. Bone disease is more likely to be recognized clinically 
in growing dogs or, rarely, cats with early onset renal failure. 
Changes may be most evident in the head. The mandible and 
maxilla may be pliable and swollen, owing to bone resorption 
and fibrosis, and teeth may be malaligned, loose, or lost. 
Skeletal pain, fractures, and bowing of long bones can also 
occur. Osteopenia of the mandible and maxilla leads to 
enhanced radiographic contrast between teeth and bone, and 
teeth may appear almost unsupported by bony tissue. 133 

Treatment is directed against the underlying disease, if 
possible Reduced phosphate intake, coupled with oral phos¬ 
phate binder (aluminum hydroxide or carbonate) as necessary, 
can help to control hyperphosphatemia. Once this is achieved, 
consideration can be given to administering calcium to 
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lost teeth, and 


pain, fractures, vertebral collapse, loose or 

pliable, possibly swollen jaw bones (Figure 279-32). However, 
the predominant findings usually relate to hypercalcemia 07 
and include polydipsia (PD), polyuria (PU), listlessness, incon¬ 
tinence, weakness, inappetence, and urocystolithiasis (see 

Chapter 237)* 


Humoral Hyp ere a Icemia of Malignancy With certain 
neoplasms, especially lymphosarcoma or adenocarcinoma of 
the anal sacs in dogs, widespread skeletal demineralization 
ensues through the humoral action of FTH-related pro¬ 
tein. 137 - 138 Although skeletal dysfunction can occur as with 
primary hyperparathyroidism, findings are usually dominated 
by changes related to the underlying tumor and the effects of 
hypercalcemia (see Chapter 237), 

Hyperadrenocorticism Chronic glucocorticosteroid excess 
due to iatrogenic excess or naturally occurring hyperadreno- 
corddsm causes osteopenia. Retarded growth and delayed 
growth plate closure may occur in young dogs, 139 and sponta¬ 
neous fractures and increased prevalence of intervertebral disk 
disease have been suggested. 140 Osteopenia in spontaneous 
canine hyperadrenocorticism is attributable primarily to 
decreased bone formation; bone resorption is apparently 
normal, although parathyroid hyperplasia is present in some 
cases (see Chapter 136), 

Hypogonadism Hypogonadism, whether a developmental 
defect or produced surgically, can delay growth plate closure. 
In dogs, closure was delayed by neutering in both sexes, and 
the extended growth period resulted in longer radius and ulna 
in all males, as well as in bitches neutered at 7 weeks. 141 
Gonadeetomy in cats delayed distal radial physeal closure but 
did not affect bone length 7 4 ^ However, neutered male cats are 
predisposed to spontaneous, nontraumatic fractures of the 
femoral capital physis between the ages of 5 to 24 months. 03445 
Fractures are often bilateral. Radiographic signs include phy¬ 
seal fracture displacement and lysis of the metaphyseal bone 
producing an "apple core" appearance. Histological examina¬ 
tion of specimens resected at surgery revealed that the articu¬ 
lar cartilage and epiphyseal bone of the capital epiphysis had 


140 


7 


Figure 279-30 Foreleg of a greyhound puppy with rickets due 
to dietary deficiency of vitamin D. Reader should note the axial 

and radial enlargement of the physes and cupping of the adjacent 
metaphyseal bone. (Courtesy of R. Malik and Veterinary Imaging 
Associates, Sydney, Australia.) 
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Figure 279-31 Cat with hypervitaminosis A. A, Confluent exostoses affect the dorsum 
of the spine from the second cervical to the fifth thoracic vertebrae. R, Exuberant exos¬ 
toses of distal humerus and proximal ulna are ankylosing the elbow. 








4 I 


• • 






i r»* 


4 , 










V..* 

8 
• i */* 

! frfftr > 




1 








4i 


i 


* 




m 






■ 






L# 








t l 




l 






V 


V 








■ T 






I 








I * 
















. 










1 


e 


a 


Jtr 


• • 




m 












* 






a 












J 


4 


4 


i 


* 














- 




i 










x> 


S’* 




" , lu 


i 4 








i..' 




*51 


7 




U 






t 








* 


■ i • 




* 
















i " 










a r *1# “ 


ic 






■ 


i 






m 










• t.-\ * 


as 








i 


* 










*>4 




w, 


• t. 












1 
































f r* 








r* 


r 7 * 


■T 








! 




* 


ri jjT ** 


t 


t.v ■; r * f 

' 


- 


«*■ - 










s 


■ ' 

i.4 ■ 


i 




< r 




ft r 

--_ 




*. 


* .. 








r ‘ N^i 




■ 






361/ 

J 


> . fc 


-I.: 


* 




i 


fife 


I 








i 


M*. 

- 




fi 




% 


r 




M 


T 




r* : 




w r 


4jj 




7, 




rv-c?T' ■ 


» 


j 


r’l- 






• 9 


9 




. « ft 


J 


■ 


4 


*1 




T ■ 






T -u 


i " 


& 


f 


in \ 








• ft ! 




- 




• I 






* 


r 








r 


i 








a* 


ft 


HJ 






;• 

« -j 

■it 


M 




> • 


ftp 


i 


. 


V.i; 


4 


- r _7 r 


1 




ft Hu 4 


■ 






«. p v 




■ -1. 4 






* a 




Wft 






M 


1 




•• 


I 


yi. 


* r 




i 


4 













SECTION XIX 


Hematology and Immunology 


1988 


lb 




I 


a* 


u 


■■■■ 


■ ■ 


4 


1 








• » 


■ 




* 








. 










« 


v, 




% 


V- 4 i 






■ 


rrvfi 


& 


a*; 


«r. 




» 


ft 










It 




Bfcv 




* 








N. 




« 


IP 


» 


!f|4H 






■ 


t 




y 


T 


i 














KL* 


ngs! 






*■ 




% 






* 


i® 










' 












i ■ 








■ 
















§& 


^SoSaE 




v 


■ .• 


- l a? :- 






♦ 




1 M 




J 








■ 


r vS 

5?.v2 


«■» 






■:. 




a- 










. v.v 




♦ 


■ 






I. 


I 




i :v^4: 


V 


r? 


■ 


« 


i 


■ 






« ■ 


■- 


* 


i-i 






• • V 




> 


■ 


« 


I.• 


V 




'b 








i 








<?• 


B ■ 






* 




4 




m 


3 


M- 




>y 




■x 


m 




■H# 


v. 






e 


V« 




Vjv % 






v 




’A • 


-X 


w 






ES&cf! 


■ 


■ ■. 


fe 


X> 


v 


■» 


. 




■- 


MS 




"■vX 


OBfc 


O i 






* 


V 


■■ r 


e 


!- 




m 


H 


Mi 






Ov. 




B ■ ■© 




. • . 


■ 


« 


a ■ 




"•V 


■- 


v -i 




v - ft 




■v 




■ ■ 




* 


u 




■.. 








C- ■! 






y, 




•' v 




m 




XKSSc.:-: 

« Til ■i ■ JL 


■ € O 




1 . 


... V 


■ _»JI 


-V 




© 




V- 


mm . 


1 I 


I ■ ■ 


V, 




xl 




V 


SL> 




m 






A 


B 


Figure 279-32 Radiograph of art aged Keeshond with parathyroid adenoma and hyperparathy* 
roidism, with profound osteopenia of the skull and mandible, A, In the ventrodorsal view, 
osteolysis ol the zygomatic arch, maxilla, facial bones, and mandible occurs. B, In the lateral view, 
loss of the lamina dura and mandibular cortex occurs, except for the thin ventral cortex. 


normal structure and viability, but the physeal cartilage was 
thickened and necrotic 1 ** Normally this physis doses at 7 to 
9 months of age in sexually intact cats. Delayed physeal do* 
sure after early gonadectomy apparently allows the persis¬ 
tence of cartilage that is unable to support normal 
weight-bearing activities. 

Hepatic Os teodvstrophy Severe hepatic disease 
duce rickets—osteomalacia due to malassimilation of fat and 
vitamin D (and secondarily of calcium) and impaired produc¬ 
tion of 25-hydroxyvitamin D, 146 Osteoporosis may also 
due to diminished hepatic protein synthesis. 146 Although 
well-recognized in human patients, hepatic osteodystrophy 
has yet to be characterized in dogs and cats. 

Anticonvulsant Osteodystrophy Prolonged high-dose 
anticonvulsant therapy with primidone, phenytoin, or pneno- 
barbitone can cause osteodystrophy in human epileptics. 146 
These drugs induce hepatic enzymes that enhance catabolism 
and excretion of vitamin D, resulting in calcium malabsorption, 
hypocalcemia, secondary hyperparathyroidism, and osteoma¬ 
lacia. Phenytoin also directly inhibits intestinal calcium trans¬ 
port and bone resorptive responses to PTH and vitamin D 
metabolites. 146 The significance of these changes to veterinary 
patients is unknown. 

Hypovitaminosis A Vitamin A is important for growth, 
maturation, and remodeling of bone. Hypovitaminosis A 
decreases osteoclastic activity and impedes bone remodeling, 
causing long bones to be deformed. Alfected animals are 
usually lame. The condition is probably rare. 

Hyperviiaminosis D Skeletal demineralization follows 
massive intake of vitamin D, its active metabolites or analogs. 
Although osteopenia, bone deformation, and retarded 
growth are possible, the major clinical effects are related to 


hypercalcemia and soft tissue mineralization. 136 Correcting 
intakes of vitamin D, calcium, and phosphate should resolve 
the bone problems, but soft tissue damage may persist. 

Zinc-Responsive Chondrodysplasia This form of 

dwarfism occurs in Alaskan malamutes and possibly other 
northern breeds. 147 Affected dogs have short, bowed legs; 
flared, irregular, thickened growth plates; and coarse, disorga¬ 
nized metaphyseal trabeculae. Hemolytic anemia with macro- 
cytosis, hypochromia, and stomatocytosis are also present. 
Life-long supplementation with zinc sulfate or gluconate was 
suggested. 

Copper Deficiency 

Lameness and bone fragility can occur in dogs on copper- 
deficient diets/ Radiographic features are thickened growth 
plates and flared metaphyses, with osteopenia and epiphyseal 
slipping in severe cases. Histologically the animal has thicken¬ 
ing of the zone of hypertrophic chondrocytes plus disorgani¬ 
zation and collapse of the primary spongiosa, 14fi The condition 
is rare. 




p co¬ 


occur 


147 


Lead Poisoning Although skeletal signs are absent in 
piumbism, lead lines are seen radiographically in bones of 
some affected immature dogs. The lines are radio-opaque 
bands in metaphyses adjacent to growth plates of long bones 

(Figure 279-33). They result from accumulation of thick 

mineralized trabeculae at these sites because of impaired 
osteoclastic activity. The presence of lead itself adds little to 
the radio-opacity. 

Ovemutrition in Grouting Dogs Provision of balanced 
diets in quantities in excess of recommended daily intake 
feeding diets that contain greater than the recommended con¬ 
tent of protein, energy, minerals, or vi tamins, h a ve been referred 
to as oveniutrilion or overfeeding, Experimental studies of 
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NEOPLASTIC BONE DISEASE 155 


Neoplasia of the skeletal system can be categorized into 
primary bone tumors, metastatic bone tumors, tumors ol soft 
tissues extending into adjacent bone, and benign bone 
tumors. 155 These conditions are discussed elsewhere in this 
text. Non-neoplastic conditions of bone, such as cystic Lesions 
and fibrous dysplasia, that may be confused with primary 
bone cancer, are important differentials, Bone cysts and 
fibrous dysplasia of bone are discussed earlier in this chapter. 


BONE INFECTION 


Bone infection (osteomyelitis] may be bacterial, fungal, or 
possibly viral (see Metaphyseal Osteopathy] in origin. Beta 
lactamase-producing Staphylococcus cause approximately 
50% of cases of bacterial osteomyelitis, often as monomicro- 
bial infections. 30 Polymicrobial infections may have mixtures 
of Streptococcus and gram-negative bacteria Escherichia coli t 
Pseudomonas , Proteus , and Klebsiella), and sometimes anaerobic 
bacteria. More common anaerobic isolates are Actinomyces, 
Peptostreptococcus, Bactewides , an d Fusobacterium . 15li Anaerobes 
are especially common in bite wound infections. Nocardia, 
Brucella canis, and tuberculosis cause osteomyelitis in rare 
instances, 155 Mycotic genera that cause osteomyelitis include 
Cocddioides, Blastomyces, Histoplasma, Cryptococcus, and 
Aspergillus. Fungal osteomyelitis is often a component of 
disseminated mycotic infections that occur in certain specific 
regions of the world. Diagnosis and treatment of deep 
mycoses are discussed in Chapter 174. 

Pathophysiology 

Bacterial contamination of bone can occur with open frac¬ 
tures, surgery, bite wounds, foreign-body penetration, gunshot 
injury, extension from soft tissue, and hematogenous spread. 
However, bone is relatively resistant to infection unless the 
animal has concurrent soft tissue injury, bone necrosis, seques- 
trati on, fractu re insta biii ty, impla n ted forei gn mate ri a 1, altered 
host defenses, or some combination of these problems, 157 In 
chronic infections, avascular fragments of cortical bone 
(sequestra] are colonized by bacteria, surrounded by exudate, 
and may persist for long periods. New bone formed by perios¬ 
teum involucrum] incompletely encapsulates the focus of 
infection and sequestrum. Exudate draining from the bone 
follows sinus tracts that discharge through skin openings, 
generally in a more dependent location. Osteomyelitis is 
exacerbated by fracture and instability. Cortical bone at the 
fracture site is resorbed because of infection and interfrag¬ 
mentary motion, and this causes further widening of the 
fracture gap and additional instability. 

Extraneous material (wood, soil, asphalt, and surgical 
implants] may incite a foreign-body response, interfere 
with local host defense mechanisms, and provide a nidus for 
infection. 15715 * 1 Bacteria have unique mechanisms for bonding 
to surfaces of implanted foreign material. Initially the surfaces 
of implants become coated with matrix and serum proteins, 
ions, cellular debris, and carbohydrates (Figure 279-34], 
Fibronectin, collagen, and fibrinogen are especially important 
in bacterial binding to biomaterial. Staphylococci and other 
gram-positive bacteria possess numerous cel! membrane 
receptors for binding to fibronectin on implant surfaces. 15 - 5 
Gram-negative bacteria are less effective at binding and have 
pili and fimbriae that specifically hind cellular proteins, matrix 
proteins, and glycolipids. 159 Bacteria also bind to exposed 
collagen matrix proteins (sialoprotein] and hydroxyapatite 
crystals of damaged bone.* 591fil 

Once adherent, bacteria have two important mechanisms 
that ensure their persistence: (I) slime production and 


Figure 279-33 Radiograph of distal forelimb of a puppy with 

lead poisoning. Radiopaque bands are present in metaphyses 
adjacent to growth plates. 


young growing Great Danes found that feeding of an exces¬ 
sively supplemented diet was associated with development of 
wobbler syndrome, enostosis, osteochondrosis, and metaphy¬ 
seal osteopathy* 149 Subsequently, it was found that diets with 
excessive protein content have no adverse effects on skeletal 
development. 150 However, Great Dane puppies fed 
containing triple the recommended calcium requirement had 
elevated absorption and retention of calcium and disturbed 
endochondral ossification, and they developed osteochondro¬ 
sis, retained cartilage cores, radius curvus syndrome, and had 
stunted growth. 88 - 151 ' 152 Another study of Great Dane puppies 
fed diets with calcium/phosphorm ratios of 1.2:1, but with 
lower than recommended concentrations of calcium, found 
that bones had lower bone mineral content throughout the 
growth period. 153 Long bone growth was also delayed until 
6 months of age, but after this time bone growth caught 
up and w'as normal by 12 months of age, despite dietary 
deficiency in calcium. 

Young Great Danes fed ad libitum with a balanced com¬ 
mercial diet initially had greater increases in body weight and 
height than httermates fed a restricted (two thirds of the 
caloric intake! diet. 132 The restricted puppies later had a 
period of catch-up growth, and by age 7 months long bones 

of identical length. 13 - Restricted feeding (25% reduction 
in total intake] of a balanced diet limited the incidence and 
severity of osteoarthritis secondary to hip dysplasia in 
Labrador retriever dogs. 154 Accordingly, overfeeding and over- 
supplemented diets should be avoided in growing pups. 
Ad libitum feeding is not recommended because it does not 
result in larger adult dogs, and it increases risk of orthopedic 
problems such as hip dysplasia. 132 ' 154 
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The metaphyses of long bones are commonly affected in 
young animals with acute hematogenous osteomyelitis. 
These regions may be especially vulnerable because capillary 
endothelium therein is discontinuous, allowing extravasation 
of erythrocytes and possibly bacteria. 157 When local defenses 
are compromised, osteomyelitis may ensue. This probably 
accounts for the development of metaphyseal osteomyelitis in 
Irish setter pups with leukocyte adhesion protein deficiency 
and border collies with neutropenia due to impaired release of 
neutrophils from bone marrow (Figure 279-35)* 

Diagnosis 

Acute osteomyelitis may produce signs of systemic illness 
including pyrexia, inappetence, dullness, and weight loss, 
together with neutrophilia and left shift. Heat, pain, and 
swelling in muscle and periosteum surrounding the infected 
bone may be evident. In chronic osteomyelitis, abscessation 
with single or multiple sinus tracts is a prominent sign. 
Lymphadenop a thy muscle atrophy, fibrosis, and contracture 
accompany chronic disease, but hematologic alterations are 
uncommon. 

Radiographs are usually necessary for diagnosis (: 
Radiology), In acute osteomyelitis, soft tissue swelling (but 
osseous changes) occurs, except perhaps in young animals 
with acute metaphyseal osteomyelitis. In chronic osteomyeli¬ 
tis, periosteal new bone forms early and tends to be extensive, 
speculated., and radially orientated (Figure 279-36). Bone 
resorption produces cortical thinning, medullary lysis, and 
rounding of fractured bone ends. In young animals, the dia¬ 
physeal cortex may be entirely resorbed and replaced by 
a shell of mvolucrum, The finding of sequestra is virtually 
diagnostic for osteomyelitis. Sequestra may be small and 
obscured by surrounding bone, but it should always be 
suspected in cases of persistent bone infection. Contrast 
radiography may help delineate sinuses and foreign bodies. 
A water-soluble contrast media (10 to 20 mL of Urografin, 76%) 
is injected slowly through a Foley catheter into each sinus. 
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Figure 279-34 Mechanisms of bacterial persistence in chronic 

. A, Foreign material such as surgical implants 
become coated with host-derived material containing fibronectin 
that binds with membrane receptors of contaminating bacteria. 
B, Adherent staphylococci and some other bacteria produce 
slime that together with the host-derived material is called biofiim. 
Biofilm increases bacterial adhesion, protects bacteria from phago¬ 
cytes and antibodies, and may also contain beta-lactamase. In 
addition, some adherent bacteria are phenotypically transformed 
to more virulent strains. (From Johnson KA: Osteomyelitis in 
dogs and cats. J Am Vet Med Assoc 205:1882, 1994.) 


osteom 


a 


(2) phenotypic transformation. 


Adherent staphylococci 

and some other bacteria produce a slime composed of extra¬ 
cellular polysaccharide, ions, and nutrients. Slime, together 
with host-derived material (matrix and serum proteins, ions, 
cellular debris, and carbohydrate), envelopes bacterial 
colonies and is called biofilm or glycocatyx (see Figure 279-34). 
Biofilm is a virulence factor, because it increases bacterial 
adhesion, shields bacteria from phagocytes and antibodies, 
and modifies drug susceptibility. 1 Most antimicrobial drugs 
diffuse through biofilm, but biofilm may contain high 
centrations of beta-lactamase, which protects some bacteria. 
In addition to providing physical protection, biofilm 
adherent bacteria to transform phenotypically to 
lent strains that are more resistant to antimicrobial drugs than 
when they are tested in vitro , I5S 


159, 


A 


Figure 279-35 Polyostotic metaphyseal osteomyelitis in a 

border collie pup that had persistent neutropenia. A, Disruption 
of metaphyseal architecture of distal femur and proximal tibia, 
with irregular areas of radiolucency and sclerosis and some 
periosteal new bone adjacent. B, Similar changes are evident in 
distal humerus and proximal radius. 
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Incomplete delineation of sinuses is a problem. Isolation of 
bacteria from the site of suspected bone infections should be 
attempted to confirm the diagnosis and determine in vitro 
drug susceptibility. The diagnosis can usually be made from 
the history, physical examination, radiology, microbiology or 
some combination of these factors. 


Treatment 

Contrary to long-held beliefs, most antimicrobial drugs pene¬ 
trate hone well. However, osteomyelitis can be difficult to 
treat because of factors discussed under pathophysiology. 
Beta-lactam agents [penicillins, cephalosporins), tetracyclines, 
and aminoglycosides readily traverse the capillary membrane 
in normal and infected hone, and they are widely distributed 
in interstitial fluid. 1 66 Peak tissue concentrations of these 
drugs are reached 25 to 45 minutes after intravenous admin¬ 
istration in normal and infected bone, and concentrations in 
bone closely reflect those in blood, 16<5 Therefore factors other 
than drug penetration [such as toxicity, administration routes, 
in vitro susceptibility and cost) should dictate drug selection. 
Acute bacterial osteomyelitis may be cured by 4 to 6 weeks of 
antimicrobial drug therapy provided bone necrosis is limited 
and no fracture occurs. However, in chronic osteomyelitis, 
drug treatment is futile without surgical intervention to 
remove sequestra and debride necrotic tissue. 15 " 7 Debrided 
wounds are left open to heal by secondary intention, pro¬ 
tected with sterile dressings, and irrigated daily with sterile 
physiologic saline. Fractures must be stabilized and bone 
defects grafted with autologous cancellous bone. Treatment of 
chronic osteomyelitis is invariably prolonged and expensive, 
and may be frustrated by episodes of recurrence. Treatment of 
recurrent osteomyelitis may necessitate a further search for 
sequestra, repeated debridement and drainage, reassessment 
of fracture stability, and re-evaluation of microbiology and 
antimicrobial drug therapy. 


Figure 279-36 Pelvis of a cat with chronic osteomyelitis prob¬ 
ably due to a bite wound from another cat. The hemipelvis is 
thickened by the formation of irregular, speculated new periosteal 
bone. (Courtesy of Veterinary Imaging Associates, Sydney 
Australi a.) 
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Acetohydroxamic acid, for struvite urolithiasis, 1863 
Acetretin, for primary' seborrhea, 60 
Acetylcholine 

in intestinal fluid regulation, 1337 
in neuromuscular transmission, 901 
N-Acetylcysteine 

for acetaminophen intoxication, 1906 

for hepatic disorders, 1440 
for phenol toxicosis, 258 
AcetyIsalicy lie acid. See Aspirin 
Achalasia, cricopharyngeal, 128, 131b, 1201 
Acid-base disorders. See also Acidosis; Alkalosis 
diagnostic algorithm for, 397-399f 
in heatstroke, 438 
pathophysiology of 396, 400 
in vomiting, 1313 
and weakness, 29 
Acidosis 
metabolic 

in diabetic ketoacidosis, 1568-1569, 1573 

in gastrointestinal disease, 1313 
in hypoadrenocorticism, 1618 

pathophysiology and treatment of, 396, 400 
in renal disease progression, 1772 

in renal failure, 1737, 1747, 1768, 1779-1780 
renal tubular, 1827-1828, !827t 

respiratory 

pathophysiology and treatment of, 396, 400 
and ventilation, 1215-1216 
Acids, corrosive, toxicosis by, 243, 255, 255b 

Acoustic decay test, \ 184 
Acral lick dermatitis, 40t, 44 
Acrodermatitis, 1942 
Acromegaly, 1499-1500, 1499f 

and polyphagia, 120, 121, 121b, 123 
pregnancy and, 1657 
ventricular hypertrophy in, 1098 
Acrylamide, toxicity of, to peripheral nerves, 893t 
ACTH. See Adrenocorticotropic hormone [ACTH) 

Actinic (solar) dermatitis, 44, 50, 58t, 1170 
Actinomycosis 

antibiotics for, 498, 499 

and pericardial disease, 1116 

and pyothorax, 1279, 128Qt 
Activated dotting time, 235, 1930, 1932 
Acupuncture, 532-535, 534t, 869 

Acute abdomen, diagnosis and treatment of, 401-404, 4021 
Acute moist dermatitis. See Pyotraumatic dermatitis 
Acute respiratory distress syndrome, 446, 1262-1263, I263f 
Adamantinoma, 1290 

Addison s disease. See Hypoadrenocorticism 

Aden o-associated viral vectors, in gene therapy, 540 

Aden ocardnom a, See also specific si tes and names of specific tumors 

of anal sac, 751, 1418-1419 
intestinal, 305f 

of lung, aspirate cytology of, 303f 

pancreatic, 1488, 1491 

of prostate, 1817f r 1818, 1818f 
rectal, 1413 


Abciximab, for arterial thromboembolism, 1103 
Abdomen 

abscess of, drainage of, ultrasound-guided, 273 
acute, di agnosis and treatment of, 401-404, 4021 
bleeding into. See Hemoperitoneum 
distention of, 150-153, 152f 
effusions of. See Ascites 

lavage of, 269-271, 270f, 352 

neoplasms of, biopsy of, 271-275, 343 
organs of 

cytology of, 303-304, 304f 3G5f 

ultrasonography of In histologic sampling, 271-275, 273f 

274f, 275f 

Abdominocentesis, 269-271,403-404 

Abducens nerve, 810, 812, 89Qt 

ABLC (Abelcet), See Amphotericin B lipid complex (ABLC) 
Abortion 

in bitch, 651,1647, 1656-1657, 1684-1685 
in queen, 1704 

Abscess. See also specific rites and organs 

abdominal, drainage of ultrasound-guided, 273 
of anal sacs, 1417-1418 
of brain, 838, 839f 
hepatic, 441-442, 1434 
of liver, 1441, 1475-1476 

of mammary gland, 1667 
of pancreas, 1487-1488, 1491 
of prostate gland, 1818-1819 

retrobulbar, 13 lb 

splenic, 441-442 
subcutaneous, 43, 44, 46 

Abyssinian cat 

hemolytic anemia in, 214t 

renal amyloidosis in, 1820-1822, 182It 

Acdnthamoeba infection, 645 

Acanthocytes, 1907f 

Acarbose, for diabetes mellitus, 1579 

Acariasis, See Mite infestation 

Accessory nerve, anatomy and function of 890t 

ACE inhibitors, Stftf Angiotensin-converting enzyme inhibitors 

Acemannan 

for feline immunodeficiency virus infection, 662 
for feline infectious peritonitis, 666 
for feline leukemia virus infection, 658 
Acepromazine 

for arterial thromboembolism, 406, 898, 1101 
for feline idiop a thic cystitis, 18 411 
for hypertension, 47 7t, 479 
for sedation 

in cardiomyopathy, feline, 1094 
in congestive heart failure, 405 
in pulmonary edema, 1241 
for tick paralysis, 893 
for vomiting, in acute renal failure, 1748t 
Acetaminophen 

dosage and indications, 509, 5I9t, 521 
hepatotoxirity of, 1436, 1440, 1467 
and methemoglobinemia, 219, 244, 1906 
Acetic acid, for otitis externa, 1176-11771, 1178, 1179 
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Adenohypophysis. See Pituitary gland 

Adenoma 

pancreatic, 1488, 1491 
perianal, 1418-1419 
Adenosine, for arrhythmia, 1056t r 1075 
S-Adenosyl-L-methionine, See SAMe 
Adenoviral vectors, in gene therapy, 541-543 
Adenovirus, canine, 648-649, 651 

and abortion/neonatal mortality, 1685 
and respiratory disease, 1251 
vaccination for, 606t r 6071, 6081, 649, 651 
ADH. See Antidiuretic hormone (ADH, vasopressin) 
Adrenal glands 

anatomy and physiology of, 1613 

atrophy of] 1612, 1613 
biopsy of ultrasound-guided, 273 
in corticosteroid production, 1612-1613, 16l4f, 1615f 
hyperfunction of. See Hyperadrenocorticism 
hypofunction of See Hypoadrenocorticism 
neoplasms of See also Pheochromocytoma 
a nd hyperadrenocorticism, 1593-1594, ] 609 
surgery for, 1603-1604, 1611, 1615 

nodular hyperplasia of, 1594 
Adrenal hyperplasia syndrome, 1471 

Adrenocorticotropic hormone (ACTH) 
in glucocorticoid production, 1613 
in hyperadrenocorticism, 1602, 1602f 1611 

in hypoadrenocorticism, 1619, 1620b 
in hypoadrenocorticism, secondary, 1612, 1621 
Adrenocorticotropic hormone (ACT! I) stimulation test 

in hyperadrenocorticism, 1599-1600, 16Q0f, 1611 
for hypoa drenocorticiam, 1619, 1620b 
Adrenomeduilin, as marker of cardiovascular disease, 948 
Adriamycin, for soft tissue sarcoma, 756 
Advantage. See Imidadoprid 
Ae/urasrmrtgy/tts abstrusus infestation, 1236,1256 
Aerophagia, and flatulence, 148, 149 
African horse sickness, 699 
Afterload, in systolic function, 915, 937-938 
Agalactia, 1666 
Agar-disk diffusion test, 499 
Aggressive behavior, 177, 184-185, 188 
Aging. See Geriatric disorders 

Aglepristone 

for pregnancy termination, 1670t, 1673 
for pyometra, 1679 
Akita dogs 

hyperkalemia m, 240 

onion toxicosis in, 2 51 

polyarthritis of, 1962-1963 
Alanine aminotransferase, 1424“] 425, 1424t 
Alaskan mala mute, inherited renal disease in, 1822 
Albendazole 

for Giardia infection, 1360 
for lung parasites, 1255 
Albumin 

blood level of; decreased. See Hypoalbuminemia 

in fluid therapy, 415, 416t 
in hepatobiliary disease, 1425-1426, 1444 
Albuminuria, as predictor of renal disease, 116, 1720 
Albuterol, for bronchitis, 391-392, 393, 1234 
Aldostero ne 

elevated levels of] 1612 

in heart failure, 924 

in hypoadrenocorticism, 1619-1620 

potency of] \ 6211 
regulation of, 1613 

Aldosterone antagonists, for congestive heart failure, 963 
Alexander's disease, 825 


Algal infection, and intestinal disease, 1357, 1385t, 1390 

Alimentary tract. See Gastrointestinal tract 

Aliphatic hydrocarbons, toxicity of, 256-257 
Alkali toxicosis, 243, 255, 255b 
Alkalosis 

and hepatic encephalopathy, 1438 
metabolic 

in acute renal failure, 1737, 1747 
in gastrointestinal disease, 1313 
pathophysiology and treatment of 396, 400 
respiratory 

pathophysiology and treatment of 396, 400 
and ventilation, 1216 

Alkylating agents, in cancer therapy, 717-718, 718t 
Allergic dermatitis 

and ear disease, 1171, 1173 

flea bite, 63-65, 64f 65f 
management of 43, 64-65 
scales and crusts in, 56t, 57t 

food in, 566-570, 1361-1362 
clinical signs of, 567-568 

di agn ostic testing for, 1362 

elimination diets for, 568-570, 569f 1363-1364 

scales and crusts in, 57t 

pruritus in, 38, 39, 40t, 4It, 64 
Allergy 

and coughing, 190b 

and drug reactions, 531-532 

to fleas. See Allergic dermatitis, flea bite 

to food, 566-570, 567f 569f 
and anaphylaxis, 458b, 566, 568 

and chronic gastritis, 1323, 1325 

and dermatitis. See Allergic dermatitis, food in 

and enteritis, 1341-1342, 1361-1364, 1361b, 1363b 

and gastrointestinal signs, 140, 568, 570 
in inflammatory bowel disease, 1395 
to Insect bites, 249 
All-meat syndrome, 563 
AEopurinol 

for protozoal infection, 640t 
for urate urolithiasis, 1826, 1842t, 1865f 1866 
and xanthine urolithiasis, 1826, 1865 
Aloe vera, for skin wounds, 525 
Alopecia, 34-37, 35t, 36-37f 
in hypothyroidism, 1537 

of pinna, 1168, 1169t 

pruritus and, 34, 39 
Alopecia areata, 62 
Alp ha-fucosidosis, 265t 
Alpha-galactosidase, for flatulence, 149 
Alpha-hydroxybutyrate dehydrogenase, 940-941,94It 
Alpha-latrotoxin, 247 
AJpha-mannosidosis, 2651 

AJpha |-proteinase inhibitor, fecal test for, 140, 1347 
Alpha-tocopherol. See Vitamin E 
Altemaria spp., and rhinitis, 1191, 1192 

Aluminum-based binding agents, for hyperphosphatemia, 510, 

1777-1778 

Alveolar ventilation, assessment of, 1215, 1239 
Amanita mushroom, toxicity of 244, 252, 1436, 1440 

Amantadine, for analgesia, in bone neoplasia, 7631 

Amblyomma ticks, as disease vector, 631, 633, 642 
Amelia, 1971 

Ameloblastomas, 1290, 1291f 1294 
Amikacin 

for bacterial pneumonia, 1250t 
dosage of in renal failure, 1 776t 
for peritonitis, septic, 403 

AmiJoride, for congestive heart failure, in mitral insufficiency, 1033 
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Ampicillin (Continued) 
for leptospirosis, 618 

for peritonitis, septic, 403 
for pyometra, 1679 

Amprolium, for protozoal infection, 6401 
Amrinone, for congestive heart failure, 953 
Amylase, serum, in pancreatitis, 1485, 1489 
Amylin, in amyloid formation, 1565 
Amyloidosis 

familial, of Shar Pei, 1794, 1795, 182It, 1823 1824, 


Amino acids 

blood levels of, decreased, 73, 75, 1628 

branched chain, for hepatoencephalopathy, 576 

in diet, 558, 558t, 574, 576 
in hepatocutaneous syndrome, 73, 75, 1628 
metabolism of, 574 
in parenteral nutrition, 588 
Aminoglycoside antibiotics. See also specific drugs 
adverse effects of, 900, 1 1831, 1732 
for otitis externa, 1178 
Aminophylline 

for anaphylaxis, 460 

for cardiopulmonary resuscitation, 408 

for cough, 192t, 1031 

for feline bronchial disease, 1236 

for feline heartworm disease, 1143 

for tracheal disease, 1220t 

Amiodarone 

for arrhythmia, 1056t, 1073 
for cardiomyopathy, 1079 
bepatotoxidty of) 1447 
Amitraz 

for demodicosis, 6 6 
and polyphagia, 121b 
for tick control, 68 
Amitriptyline 

for analgesia, in bone neoplasia, 763t 
for feline idiopathic cystitis, 1840, 184It, 1843 
Amlodipine 

for congestive heart failure, 965-966, 966f 
for hypertension, 475-476, 477t, 478, 1781 

Ammonia, blood level of 
determination of, 1427 
in hepatic encephalopathy, 799, 1438, 1439 
in hepatobiliary disease, 1427 
in portosystemic shunt, 801 
Ammonia tolerance test, 1427 

Ammonium biurate crystalluria, 1429, 1455, 1726, 1 726f 

Ammonium chloride, for urolithiasis, 1842t 
Ammonium urate urolithiasis. See Urate urolithiasis 
Amoxicillin 

dosage of, in renal failure, I776t 
for infective endocarditis, 1039 
for leptospirosis, 618 

for I ymphopl asmacytic gastritis, 1322-1323 
for small intestinal bacterial overgrowth, 682 
Amoxicillin-clavulanic add 
for neonatal illness, 1712 

for pyometra, 1679 
Amphetamine, and ptyalism, 124 
Amphimerus pseudofelineus infestation, 1481, 1489, 

1491-1492 

Amphotericin B, 672-673, 689t 
for blastomycosis, 679 
for coccidioidomycosis, 693 
for cryptoc occosis, 685 
dosage of, in renal failure, I776t 

for histoplasmosis, 681-682 

for meningomyelitis, 853 
nephrotoxicity of) 1732-1733 

for protozoal infection, 64Ot 

for pythiosis, 1389 

for urinary tract fungal infection, 1808 

Amphotericin B lipid complex [ABLC), 673, 679, 689t, 693 

Ampieillin 

for bacterial pneumonia, 1235, 1250t 

dosage of, in renal failure, 1776t 
for endocarditis, infective, 1039 
for esophageal perforations, 1303 
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in glomerulonephritis, 1794-1795, 1795f 
and liver disease, 1469-1470 
of pancreatic islet cells, 1565, 1566f 

renal, and proteinuria, 115 

Anabolic steroids, for anemia of chronic renal failure, 1782 
Anaerobic bacteria 


and drug resistance, 499 
in hepatic abscess, 1475 
in septic arthritis, 1958 
Anal sacculitis, 89b, 1417-1419 


Anal sacs 


anatomy of, 1409, 1409f 

imp action/abc essatio n of, 1417-1418 
neoplasms of, 751, 1418-1419 
Anal sphincter, and incontinence, 147, 1420 
Analgesia. See also Pain, management of 
for abdominal pain, 430 

acupuncture and, 532-535, 534t, 869 

in arterial thromboembolism, 406, 910, 1101 

balanced, for surgical pain, 23, 520 

for bone neoplasia, 762, 763t 

for feline idiopathic cystitis, 1840-1843, 1841-1842t 

in head trauma, 411 

nonsteroidal anti-inflammatory drugs for, 

518-521,519t 

over-the counter drugs for, 509-510 

in pancreatitis, 1487, 1490 
Anaphylactoid reactions, 459 
Anaphylaxis, systemic, 458-460, 458b, 459b 
food allergy and, 458b, 566, 568 
glucocorticoids for, 507 
Anaplasmosis, 631, 634-635 

An cy lostomiasis 

and intestinal disease, 1358, 1359t, 1385t, 1387 
and myositis, 903 

spinal cord migration of, 881 
Anemia 

aplastic, 1913-1914 
and bleeding time, 235 

blood transfusion for, 465-466, 465t, 1782, 1890, 1900 

of chronic disease, 790 

classification of, 211, 213-214t, 215, 1911b 

in endocrinopathies, 1911-1912 

in feline leukemia virus infection, 656, 1915, 1916 
gastrointestinal hemorrhage and, 142, 791, 1889 

hemolytic See Anemia, hemolytic 
in hepatobiliary disease, 1429 
hyperestrogenism and, 1914 
of inflammatory disease, 1912-1913, 19l3t 
iron deficiency and, 1889-1890 
in lymphoma, 735f 

nonregenerative, 211, 2131, 1908-1917 

diagnosis of, 1908-1909, 1909b-1911 b, 1917b 
hypo proliferative, 1910-1913, 1911b 

ineffective erythropoiesis and, 1911b, 1916-1917 
nonproliferative, 1911b, 1913-1916 
nutritional deficiencies and, 1916, 1917 
in paraneoplastic syndrome, 790-791 
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Anemia (Continued) 

regenerative, 211, 214t, 1886-1907 

in blood loss, 211, 2l4t, 1888-1890, 1889f 

bone marrow response in, 1886-1888 
hemolytic. See Anemia, hemolytic 

in renal failure, chronic, 1766, 1781-1783, 1910-1911 
and retinal vessel changes, 96 

toxicosis and, 244-245, 251, 1897b, 1904-1907, 1905b 

and weakness, 29 

Anemia, hemolytic, 2l4t, 215, 1890-1907, !913t 
ailoimmune, 1901-1902 

cava] syndrome and, 1132 

chemical-induced, 1897b, 1904-1907, 1905b 

erythrocyte life sp an in, 1890-1891 

immune-mediated (IMHA), 2l4t, 215, 

1896*1901, 1897b 

human immunoglobulin for, 467 

methimazole and, 1555 
in paraneoplastic syndrome, 790-793 
and thromboembolism, 1149 
infection-associated, 1897b, 1902-1904 
inherited erythrocyte defects and, 1892-1896, 1893-I894t 
laboratory Endings in, 1891-1892 

microangiopathic, 214t, 791, 1907 
recluse spicier bites and, 247-248 
uremia and, 32, 1907 
Anesthesia 

and anaphylaxis, 458b 
complications of, 798 

epidural, technique for, 296 
and esophageal stricture, 1303 
and esophagitis, reflux, 124 
in head trauma, 411 
in hepatic encephalopathy, 1439 
and hypothermia, 15-16 
and keratoconjunctivitis sicca, 93 
for 1 aryn goscopy, 1198 
local, in pain management, 23, 24, 463 
and malignant hyperthermia, 12, 9071 
for pediatric spay/neuter, 1668, 1668t 
and splenic congestion, 1949 
Anestrus, 1640, 1645-1647, 1650 

prolonged, in bitch, 1647, 1653-1654, 1681 
in queen, 1700 
shortened, 1654 

termination of; 1645-1647, 1653 
Aneurysm, arterial, 1155-1156, 1155f 
Aneurysmal bone cyst, 1983, 1984f 
Angioedema, 43, 44, 46, 568 
Angiogenesis, inhibition of, in gene therapy, 542f 
Angiography 

in aortic stenosis, 1009-1010, 101 Of 

in congenital heart disease, 977 

in feline heartworm disease, 1139, 1142f 

in patent ductus arteriosus, 984, 986f, 987f 

in peripheral vascular disorders, 1145-1146, 1152f ll60f, 

1162f 1163 f 

pulmonary, 1211, 1287, 1288 
in pulmonic insufficiency, 995f 
in pulmonic stenosis, 1005, 1 OOSfp 1006F 

in respiratory disease, 1212 
in tetralogy of Fallot, 1017 
in ventricular septal defect, 993f 
A ngiostrongylus cantonensis infestation, of spin a I cord ,881 
Angiostrongylus vasorum infestation, 1256, 1256f 
Angiotensin II 

in aldosterone release, 1633 

in heart failure, 923-925, 926f, 932 

in renal disease, 1785, 1785b 


Angiotensin II receptor antagonists, in heart failure therapy, 

969, 970f 

Angiotensin-converting enzyme inhibitors 
adverse reactions to, 190, 581-582, 957-958 
for cardiomyopathy, 1080, 1086-1087, 1094-1095 
for cardiopulmonary resuscitation r 408, 408t 
for congestive heart failure, 954, 955-958, 969, 1131 
for glomerulonephritis, 1797-1798 
for hypertension, 475-476, 478 

in chronic renal failure, 1780-1781, 1785 
for mitral insufficiency, 1031, 1032 

nephrotoxicity of, 1732 
Angitis, 1153-1155 

Animal bites and scratches, in zoonotic infections, 702 
Anion gap, 400 

Anipryl, for cognitive dysfunction, 182 
Anisocytosis, 1889, 1897f 
Ankylosing spondylitis, 884-886, 885f 
Anorexia, 117*118, 119f. See also Cachexia 
in heart disease, 579-581, 583, 583b 
neoplasia and, 790 
in renal failure, 585, 1764-1765 

Anosmia, and anorexia, 117, 119f 
Anth d minthics. See also specific drugs 
for enteric infections, 1359t, I397t 
hepatotoxidty of, I466t 
for i diop athic enteropathies, 13 60 
Anthrax, 700 

Anti arrhythmic drugs, 1056-1058t, 1069-1075. See also specific drugs 
beta blockers, 1072-1073 
calcium channel blockers, 1074-1075 
classification of 1069-1071 
digitalis glycosides, 1056t, 1074-1075 

miscellaneous drugs, 1075 
potassium channel agents, 1073-1074 
sodium channel blockers, 1071*1072 

Antibiotics, 498-503. See also specific drugs and a ntihwtic classes 
adverse reactions to 
anaphylaxis, 458b 
hepatotoxidty, 1466t 
nephrotoxidty, 1732, 1733b 
ototoxicity, 1183, 11 S3t 
vestibular disorder, 900 

for arthritis, septic, 503, 1959-1960 
for barton ellosis, 637 
for borreliosis, 621 
for bronchial disease, feline, 1237 
for brucellosis, 62 7 

cerebrospinal fluid penetration of 852b 
in chemotherapy, 718, 719t 

for cholangitis/cholangiohepatitis, 1450 
for diarrhea 

acute, 1353-1354 

chronic idiopathic, 1360-1361, 1366-1367 
large bowel, 1397t 

for discospondylitis, 860 

dosage of, in renal failure, ] 776t 

dosing regimens for, 500-501 

for encephalitis, 829 

for endoc arditis, infective, 103 9 

for gastrointestinal emergences, 430 

in heatstroke, 440 

for leptospirosis, 449, 618 

for meningitis, 838, 839 

for meningomyelitis, 852 

minimum inhibitory concentration of 499, 500t, 1805 

for mycobacteriosis, 625 
for osteomyelitis, 1991 

for otitis externa, II76, 11 76-1177t, 1178 
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Antioxidants, dietary, 522-523 
content of, in pet food, 560 
for heart disease, 582 
for hepatic disease, 575 
for hepatobiliary disease, 1436-1437 
for hepatotoxicosis, 1468-1469 
Antiparasitic agents. See Anthelminthics 

Antiphospholipid antibodies, in systemic lupus erythematosus, 1957 
Antisense oncogene, in gene therapy, 543 
Antithrombin III, in coagulation inhibition, 3 148 

Antithyroglobulin antibodies, in thyroiditis, 1542 

Antithyroid drugs, 1553-1555 

Antithyroid hormone antibodies, in thyroiditis, 1542 
Antitoxin, botulism, 630, 891 
Antitoxin, tetanus, 629 

Anlitussives, See also specific drugs 
for bronchiectasis, 1235 
for canine chronic bronchitis, 1234 

for cough, 191, 192t 

for tracheal disease, 1220-1221, 1220t, 1228 
Antivenin 

for snake bite, 246, 247 
for spider bite, 247, 248 

Antiviral therapy 

for feline immunodeficiency virus infection, 662 
for feline leukemia virus infection, 658 
Anuria, in acute renal failure, 1731, 1737 
Anus 


Antibiotics (Continued) 
for otitis media, 1182 
for parvovirus infection, 647 
for perianal fistula, 1417 

for peritonitis, septic, 403 

for pneumonia, bacterial, 1235, 1249-1250, I250t, 1260 

prostatic penetration of 1816, 1816f 

for protozoal infection, 64 Ot, 840 

for pyelonephritis, 449 

for pyoderma, staphylococcal, 52t, 62 

for pyometra, 1679 

for pyothorax, 1280-1281, 1280t 

for rickettsial infections, 632, 634, 635 

for sepsis, 454 

for tetanus, 629 

tissue distribution of, 502 

topic al p rep arations, adverse reactions to, 254, 1173, 1178, 

1183, 1183t 

for urinary tract infection, 1806-1808, I806t 

with urolithiasis, 1863, 3864 
Antibody tests, 299, 600-602. See also Serology 
interpretation of, 489-491, 600-601 

Anticholinergic drugs, for bronchopulmonary disease, 392 
Anticoagulants. See also specific drugs 

for arterial thromboembolism, 1103-1104 

in rodenticide toxicosis, 244, 258, 1933-1935, 1934b 
for thromboembolism, 1149-1150 
Anticonvulsants, 165-170, 168-170b. See also 

specific drugs 

adverse reactions to^ 120, 121b, 165, 170, 1466-1467 
and elevation of serum enzyme levels, 1424t 
Antidepressants, for behavioral disorders, 187 
Antidiuretic hormone (ADH, vasopressin) 
for cardiopulmonary resuscitation, 408, 4081 
in diabetes insipidus, 1502-1504, 1505 

in paraneoplastic syndrome, 793*794 
secretion and action of 102 
in water balance, 237 
Antiemetics, See also specific drugs 
for acute renal failure, 1747-1748 
for gastritis, 1319 

for gastrointestinal emergencies, 430 
Antiendotoxin, for p arvovirus infection, 1355 
Antifreeze toxicosis. See Ethylene glycol toxicosis 
Antifungal drugs, 672-675. See also specific drugs 
hepatotoxicity of, 1466t 
for large bowel diarrhea, 1397t 
for meningomyelitis, 853 
nephrotoxicity of 1733b 
for nervous system infections, 840 
over-the counter, 510 
topical preparations, toxicity of 255 

for urinary tract infection, 1808 

Antigen tests, 297, 603. See also Serology 
interpretation of 489-491, 603 

Antihistamines. See also specific drugs 
for anaphylaxis, 460 
for insect stings, 249 

over-the counter, 510 
and polyphagia, 121b 
Anti-inflammatory drugs 

for inflammatory bowel disease, 1396, 1397t 
nonsteroidal See Nonsteroidal anti-inflammatory drugs 

(NSAIDS) 

steroidal, 506-507. See also Glucocorticoids 
Antinuclear antibodies 

in meihim azole treatment, 1555 

in skin disorders, 1885b 

in systemic lupus erythematosus, 1955-1956 


anatomy of 1408-1410, 1409f 
atresia of 1416 
disorders of, 1416-1417 
and dyschezia, 145, 146f 
and hematochezia, 141b 
fistulas of 1416-1417, ]416f 

neoplasms of 1418-1419 

sphincter of, and incontinence, 147, 1420 
stricture of 1414-1415 

Aoncho theca spp., in chronic gastritis, 1324 
Aorta 


aneurysm of 1155 
anomalies of 1020-1021 

thromboembolism of. See Arterial thromboembolism, systemic 
Aortic arch, right, persistent, 1020 
Aortic body tumor, 1113 

Aortic thromboembolism. See Thromboembolism, arterial 

Aortic valve, 318f 1017 

Aortic valve insufficiency, 3 98, 994 

Aortic valve stenosis, 1006-1012 

clinical findings in, 1008-1010, 1009-101 If 

management of 1012 

murmur of 198, 974t 

natural history of 1010-1012 
pathology of 1007-1008, 1008f 
Aorticopulmonary septal defect, 1020-1023 
Ap athetic hyperthyroidism, 1547 

Aplasia anemia, 1913-1914 
Aplastic pancytopenia, 1913-1914 
Apocrine gland, neoplasms of 750 

Apolipoproteins, metabolism of 592-593, 592f 
Appetite 

loss of See Anorexia 
regulation of 117, 120 
Aqueous flare, systemic disease and, 93 
Aqueous humor 

disorders of, and vision loss, 96b 
immunoassays for infectious organisms in, 603 
Arachidonie acid, dietary requirement for, 560 
Argasid ticks, in skin infestation, 68 
Arginine esterase, in prostatic disease, 1814-1815 
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Arginine, in hepatic encephalopathy, 1439 
Arrhythmias 

atrial extrasystole, 1054, 1054f 

atrial fibrillation, 1055, 1059-1060, 1059f 106If 
atrial flutter, 1050f, 1055 
atrial standstill, 1067, 1067f 
atrial tachycardia, 1054-1055, 1055f 
atrioventricular block, 1065-1066, 1065f 1066f 
bundle branch block, 1059, 1059£ 1066-1067, 1066f, 1067f 
in cardiomyopathy, 1079 

classification of, 1051 
clinical impact of; 1051 
differential diagnosis of 245 

ectopic beats, 1059t, 1064f 
emergency treatment of 404-405 
in gastric dilatation/volvulus, 1321 
in heart failure, 933 
and hypotension, 480 

identification of 1051-1053, 1052f 
pre-excitation syn dromes, 1068, I068f 

respiratory sinus arrhythmia, 1046f 1053 
sick sinus syndrome, 26, 1068-1069 
sinus bradycardia, 1054, I054f 
sinus tachycardia, 1054, 1054f 

and syncope, 25f 26 
torsade de polntes, 1064, 1064f 
toxic causes of 245, 251, 254 
trauma-induced, 463 

treatment of 

pacemaker implantation, 348-351,350f 

1075-1076 

pharmacologic See Antiarrhythmic drugs 
radiofrequency ablation, 1075 
ven tri cular ex tr asystoles, 1060, 1062F 

ventricular fibrillation, 1064, 1064f 

ventricular flutter, 1064 
ventricular parasystole, 1065 
ventricular tachycardia, 1062, 1064f 

wandering pacemaker, 1046, 1046f 1053-1054 
Arsenic toxicosis, 245 

Arterial angiography, 114 5-1146 
Arterial blood gases. See Blood gases 
Arterial cannulation, for blood 

283-284, 284f 

Arterial puncture, for blood sampling, 388 

Arterial thromboembolism, systemic See Thromboembolism, arterial 
Arteries, 1145b, 1150-1159. See abo specific vesseb, 

e g,. Aorta 

aneurysm of 1155-1156, 1155f 
embolization of fibrocartilaginous^ 1152-1153 
great, transposition of 1018 

inflammation of 1 153-1155, 1153f 

occlusion of 1150-1152, 1152f 
pseudoaneurysm of, 1155-1156 
spasm of 1159 
traumatic disorders of 1159 
Arterioles. See Arteries 

Arterioportal fistulas, 1454, 1455, 1458f 1463 
Arteriosclerosis, 474, 1156, 1156f 
Arteriovenous fistula, 1157-1159, 1158f 1159f 
Arthritis, 83-87, 1958-1965. See abo Polyarthritis 

in borreli osis, 620, 621 

classification of 83-85, 85f 
degenerative. See Osteoarthritis 
diagnosis of 85-87, 85f 276-277, 277f 278f 

imm un e-m ediated 

erosive, 83-84, 1961-1962, 196If 1962f 
nonerosive, 85-86, 1962-1964, 1963f 1964f 
treatment of 1963-1965 


Arthritis (Continued) 

infectious, 1958-1961 

p ath ogenesis of 1958 

septic, 83, 87f 1958-1960, 1959f 

diagnosis of scintigraphic, 365 

treatment of 503, 1959-1960 

in systemic lupus erythematosus, 1953, 1962 

Arthrocentesis, 276, 277f 278f 

in inflammatory arthritis, 84f, 85-87, 86f 87f 

Arthroscopy, 277-279 

Artificial insemination 

in cats, 1707-1708 
in dogs, 279-282 

semen collection and evaluation for, 1690*1692, 

1691 f 1691t, 1692f 

transcervical catheterization in, 281-282, 

338-341 

Artificial tears, over-the-counter, 511 
Arytenoid lateralization, 1202 
Ascites, 150-153,152f 

in hepatobiliary disease, 1422, 1426, 1438-1439 
portal hypertension and, 150, 153, 1422, 1438-1439 

In protein-losin g enteropathy, 1345 
in pulmonary hypertension ,1285 
Ascorbic acid. See Vitamin C 
Asiatic lily, toxicity of 253 

L-Asparaginase 

in chemotherapy, 720t 
side effects of 7111, 712 

Aspartate aminotransferase, 1424, 1424t 
Aspergillosis, 694-699, 694-696f 

of central nervous system, 840 
hypopigmentation in, 60 
and pericardial disease, 1116 
and respiratory disease, 1254 

and rhinitis, 119M192, 1191f H92f 1193-1194f 
Aspiration pneumonia, 443-445, 445f 1248, 1259-1260 

as complication of enteral feeding, 336 
in myasthenia gravis, 895, 896 

radiography of, 121 If 1249, 1249f 1260f 
Aspiration pneumonitis, 443-445, 445f 

Aspirin 

adverse reactions in cats, 532t 
dosage and indications, 509 
for fever, 13 

for glomerulonephritis, 1798 

for heartworm disease, 1129, 1131 
in cats, 1143 

interactions with ACE inhibitors, 958 

for pain, 519t, 521 

platelet inactivation by, 1924 

for thromboembolism, 521, 910, 1103, 1131, 1150 
Asthenozoospermia, 1694 
Asthma, feline, 1235-1237,, 1236f 

metered dose inhaleis for, 393, 393f 1237 

monitoring of response to therapy, 1217 

potassium bromide and, 1 70b 
Astrocytoma, 833 
Astrovirus infection, 668t, 670 
Asystole, cardiac, 407, 408 

Ataxia 

hereditary, 864 

lesion localization in, 158-160, 159f 
in spinal cord disorders, 844 
Atenolol 

for arrhythmia, 1034, 1056t, 1073 
for cardiomyopathy, 1081, 1093, 1095 
for hypertension, 477t, 478 

for hyperthyroidism, 1554t, 1556 


pressure measurement. 
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Azadirachtin, for fleas, 525 
Azalea, toxicity of 245, 2S l 

Azathioprine 

adverse reactions, in cats, 5 311 

and bone marrow supression, 1914 

for chronic gastritis, 1325 

for eosinophilic granulomatosis, 1130 

for hepatitis, chronic idiopathic, 1436, 1441 

for immune-mediated arthritis, 1964 

for immune-mediated hemolytic anemia, 1901 

for immunosuppression, in kidney transplantation, 

1754 

for inflammatory bowel disease, 1370, 1396 

for perianal fistula, 1417 
for systemic lupus erythematosus, 1957 
Azidothymidine (AZT) 

and bone marrow supression, 1914 

for feline immunodeficiency virus infection, 662 

for feline leukemia virus infection, 658 

for mycobacteriosis, 625 

Azithromycin, for protozoal infection, 640t 
Azoospermia, 1693 

Azotemia, 1716, 1731-1734, 1732b, 1733b 
in ACE inhibitor therapy, 957 
in acute renal failure, 1 739-1740 

in chronic renal failure, 1768-1769 
defined, 1736,1757 

in diabetic ketoacidosis, 425 
in hyperthyroidism, 1548-1549, 1558 

in hypoadrenocorticism, 1636 

AZT. See Azidothymidin e (AZT) 


Atheroma, 1156 

Atherosclerosis, 1156-1157, 1156f 1157f 
Atlantoaxial sub luxation/instability, 849-850, 850f 

Atopic dermatitis, 43 

and otitis externa, 1171, 1173 
pruritus in, 38, 39, 40t, 411 

scales and crusts in, 571 
A tra curium besylate, 545t 
Atresia ani, 3416 
Atrial extrasystole, 3054, 3054f 
Atrial fibrillation, 1055, 1059-1060, 1059f, I063f 

and acute decompensation, 934 
Atrial flutter, 1050f 1055 

Atrial natriuretic peptide, as marker of cardiovascular disease 

936, 945-947 

Atrial septal defect, 987-993, 9S8f 990f, 99If 
murmur of 198, 974t 
Atrial standstill, 1067, 1067f 
Atrial tachycardia, 1054-1055, 1055f, 1070f 

Atrioventricular block, 1065-1066, I065f, 1066f 
Atrioventricular node, 1040 

Atrioventricular valves. See Mitral valve; Tricuspid valve 

Atrium 

anomalous development of, 1012-1013 
enlargement of 320t 


left 


echocardiography of, 319, 322f 

enlargement of, in mitral insufficiency, 1026-1027, 1027f, 

1028f, 1238 

rupture of and cardiac tamponade, 1034-1035, 3113, 1116 
right, collapse of in cardiac tamponade, 1111, 131 If 

septal defects of, 987-993, 988f, 990f, 99If 

Atropine 

for anaphylaxis, 460 

for arrhythmia, 1056t, 1072 

for cardiopulmonary resuscitation, 408, 408t 

for insecticide toxicity, 260 

Atropine test, in electrocardiography, 1050 
Audiometry, impedance, 1182-13 83 
Aura, 164 

Aural hematoma, 1171 

Auranofin, for immune-mediated arthritis, 1964 
Auricular chondritis, 1171 

Autoagglutination, in immune-mediated hemolytic anemia, 1897, 

" 1898, 1898f r 1899f 


Babesiosis, 640t, 643, 700-701 

and arthritis, 1960 
coinfection in, 635-636 
and hemolytic anemia, I903f 1904 
and pancreatitis, 1484 
Bori/lws anthracis, 700 
Bacillus pitiformis, and acute diarrhea, 1357 
Bacillus spp>, antibiotics for, 498 
Baclofen, for micturition disorders* 107, 108t, 309 
Bacteremia 

in endocarditis, 1036. See also Sepsis 
and septic arthritis, 1958 
Bacteria 

cutaneous, normal flora, 51 
fermentation by, in large intestine, 1382 
of respiratory system, normal flora, 1215, 1234b 
of small intestine 

normal flora, 1337 
overgrowth of 1364-1367, 1365b 

in histoplasmosis, 682 

in pancreatic exocrine insufficiency, 1494 
tests for, 139-140, 1351, 1366 

of stomach, normal flora, 1311-1332 

susceptibility testing of 499, 500t, 1805 

urease producing, and struvite urolithiasis, 3862-3863 
in urinalysis, 1726, 1726f 
of urogenital tract, 1801-3802 

vaginal, normal flora, 1685 

Bacterial infection. See also Rickettsial infection; specific diseases 
animal bites, and zoonosis, 702 

antibiotics for, 498-503, 5G0t. See also specific antibiotics 

and arthritis, 1958-1960 

of biliary tract, 1480-1481 

of central nervous system, 829, 836b, 838-839, 850-853 


Auto antibodies 

in systemic lupus erythematosus, 3952, 1956-1957, 1956t 
in vasculitis, 1154 

Autoimmune hemolytic anemia. See Anemia, hemolytic, 

immune-mediated 

Autoimmunity. See also Immune-mediated disorders 
in hypoadrenocorticism, 1613 
in hypothyroidism, 1536-1537 
in pancreatic exocrine insufficiency, 1492 

and skin disease, 1882-1885, 1883f 1884-1885b 

in systemic lupus erythematosus, 1952 
Autonomic nervous system 
disorders of 

dysautonomia, 109, 841, 899, 1304, 13051, 1402 
and syncope, 24-26, 2Sf 

in heart failure compensatory mechanisms, 922-923, 924f 

927t, 954 

Autoregulation of circulation, 474, 475, 475f 

AutosomaJ genetic defects, 266 

Autotransfusion, 441 

Avocado, toxidty of, 253 

Axilla, erosions and ulcers of 49b 

Axillary nerve, functional evaluation of, 889t 

Axons, disorders of 888, 891, 892t 
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Bacterial infection (Continued) 
diagnostic testing for, 297, 298f 
and enteritis, 1356-1357 
and fever of unknown origin, 12 
and hepatic abscess, 1475 
of large intestine, 1385t, 1390-1392 
and myositis, 903 
and otitis, 1174, 1181 
in respiratory disease, 1209, 1247-1251 

and rhinitis, 1191 
systemic, 33,616-631 

of urinary tract, 1806-1808, 1807t, 1850, 1862-1863, 1871-1872 

Bacterial overgrowth of small intestine. See Small intestine, bacterial 

overgrowth of 

Baeteroides infection 
antibiotics for, 499 
and pyothorax, 12 8Gt 
Bacteruria, defined, 1800 
Balance, loss of See Vestibular disorders 
Balantidium coti infection, 638-642, 64Ot, 1385t, 1387 
Balloon catheter dilatation 

for esoph age al stricture, 1303-1304f, 1303-1304 
for rectal stricture, 1415 

Balloon embolectomy, for arterial thromboembolism, 1101-1102 

Balloon valvuloplasty, 977, 1006, I007f 1012 

Barium-impregnated polyethylene spheres (BIPS], 1328, 

1348, 1350f 

Baroreflex control, in congestive heart failure, 923 
Bartonella spp,, and zoonosis, 702, 1038 
Bartonellosis, canine, 635, 636-637 
Basal cell tumors, 750 
B ase excess, 396,400 

Basenji 

Fanconi syndrome in, 182It, 1822, 1826-1827 
lymphocytic-plasmacytic enteritis in, 1372 
Baylisascaris infestation 
of spinal cord, 881 

zoonotic, 703 

Beagle 

renal amyloidosis in, 182It, 1822 
vasculopathy in, 13 54 

Bedomethasone, for bronchopulmonary disease, 392 
Bedlington terrier, copper toxicosis in, 265t, 268, 1446. 

See also Copper-associated hepatitis 
dietary management of, 577 
hemolytic crisis in, 214t, 1436 
Bee stings, 249 
Behavior 

alterations of, in hypocalcemia, 1529 
assessment of, in neurologic exam, 803, 806 
in feeding, cats vs. dogs, 556 
maternal, 1667 
tn pain assessment, 18, 19 
Behavior modification techniques, 183 
Behavioral disorders, 183-189 

after early neutering, 1669 

in cats, 187-189 

client counseling for, 183 
in dogs, 184-187 

and inflammatory bowel disease, 1398 
in mating, 1683 

Benazepril 

for congestive heart failure, 957 
for hypertension, 477t, 478, 1781 
Bence Jones proteins, 792 
Benzocaine 

adverse reactions in cats, 53It 
for dermatologic conditions, 511 

and methemoglobinemia, 219, 1906 


Benzodiazepines 

for anorexia, 118 
and polyphagia, 121b 

Bernese Mountain dog, inherited renal disease in, 182It, 1822 
Besnoitia infection, 638-639 

Beta cells, pancreatic 

in diabetes mellitus, 1563-1567 
neoplasms of, 1 560-1563, See also Insulinoma 

Reta z agonists, in metered dose inhalers, 391-392 
Beta-adrenergic agonists 

for canine chronic bronchitis, 1234 
for cardiomyopathy, feline, 1086 
for feline bronchial disease, 1236 
inotropic effect of, 958-959, 959f 
Beta-adrenergic receptor blockers 
for arrhythmia, 1072-1073 

for cardiomyopathy, 1080, 1093, 1095 
for congestive heart failure, 963-964 
for hypertension, 478 

in hyperthyroidism, 1555-1556 

Betamethasone 

potency of, 505t, 16211 

topical, adverse reactions to, 254 

Bethanechol 

adverse reactions in cats, 532t 

for dysautonomia, 899 

for feline idiopathic cystitis, 18411 

for micturition disorders, 106, 108t, 109 

Bicarbonate 

for cardiopulmonary resuscitation, 408t 
constant rate infusion of 549t 

for diabetic ketoacidosis, 427, 1572b, 1573 
for hypercalcemia, 152It, 1522 
for hyperkalemia, 449, 1746, 1746t 

for metabolic acidosis, 400, 447, 1747 
metabolism of, 396 

Bicipital tendonitis, glucocorticoids for, 507 
Bile acids 


in hepatobiliary disease, 1428-1429 

in jaundice, 224 
metabolism of 1436, 1478 

Bile duct. See Biliary tract 

Bile salts, unconjugated, in small intestinal disease, 

1351, 1366 

B ili ary excretion of dru gs, 49 6 
Biliary tract, 1478-1482 
anatomy of 1478, 1479f 

disorders of 1480-1482 

diagnosis of 1431-1433f 1478-1479 

an d j a undice, 223,224f 

laboratory evaluation of 1425, 1427-1429 

pancreatitis and, 1484 
fluke infestation of 1481 

neoplasms of, 1476-1478, 1476t, 1480, 1481 

obstruction of 1434, 1479, 1480. See also Cholestasis 
rupture of 1481-1482, 1481f 

and acute abdomen, 402, 404, 442 


Bilirubin 


blood level of increased. See Hyperbilirubinemia 

in hepatobiliary disease, 1427-1428 
metabolism of 222-223, 1891 
in urine. See Biiirubinuria 
Bilirubinuria 

in bdiary obstruction, 1479 
in hemolytic anemia, 1891, 1898 
in hepatobiliary disease, 1429 
in j aundice, 224 

in urinalysis, 1722-1723 
and urine color, 112t, 113f 114 
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Blindness 

acute, 96-99, 96b, 97b, 171 f 

cranial neuropathies and, 175 

toxic causes of, 243 

in brain disorders, 814 
hypertension and, 96 
retinal disorders and, 94, 97, 97b 
Block vertebrae, 855, 884 
Blood culture, in infective endocarditis, 1038 
Blood flow, alterations of, and thrombosis formation, 1147 
Blood gases 

in acid-base disorders, 369-400, 397-399f 
arterial blood collection for, 388 
tn assessment of oxygenation, 401 
in cyanosis, 220, 2221 
in pulmonary thromboembolism, 1287 
in respiratory disease assessment, 1215-1216, 1239, 1248 
values for, normal, 1215 
Blood glucose meters, portable, 308, 310 
Blood loss anemia, 211, 214t, 1888-1890, 1889f 
Blood pressure 

assessment of, 470-472, 4711 
autoregulation of, 474, 475, 475f 

cardiovascular determinants of 915, 916f 935 
elevated. See Hypertension 
lowered. See Hypotension 
measurement of, 282-285, 285f 
norma] values, 470-471. 

Blood transfusion. See Transfusion 

Blood types, 466, 1901-1902 
Blood urea nitrogen. See Urea nitrogen 

B Lood vessels. See aha Arteries; Veins; specific vesseh, e g ., Aorta 
disorders of See Vascular disorders 
neoplasms of, 1145b 
Blue morning glory, toxicity of 253 
Blue-green algae, toxicity of 242, 244 
Body condition, assessment of 4fi 5f 76-77, 554 
Body odors, 88-91, 89b, 90f 91b 
flatulence and, 88, 89, 148-149 
Bombesin, 1624t, 1627 

Bone 


Bioflavonoids, as antioxidant, 523 
Biopsy. See aha Cytology 

of abdominal organs, ultrasound-guided, 271-275, 273f 274f 

of bone, 762, 1969 

of bone marrow, 285, 287-288 

of brain, 288-289, 820, 832 

of gastrointestinal tract, endoscopic, 377 

of kidney, 1729-1730, ]730f 

in acute renal failure, 1741 
in glomerulopathy, 1789-1790 
ultrasound-guided, 273 
of large intestine, 1380, I380t, 1386 
of liver, 272, 1429-1430, 1444 

in portosystemic shunts, 1456, 1456t 
of lower airways, 383 
of lung, 344-345 

of lymph nodes, 273,345-346, 347f 

of muscle, 289-290, 902-903 

of nasal cavity, 229, 379-380 

of pancreas, I486, 1490 

of peripheral nerves, 290-291, 888 

of prostate gland, 1815, 18l5f 

in respiratory disease, 1214, 1215 

of skin, collection of, 306-307, 389-391. See also Skin, 

biopsy of 

in small intestinal disease, 1346b, 1351-1352, 1352b, 1369 
of urogenital masses, 301, 301f 
Biopsy devices, 272 
B ioterrorism, 704 
Biotin 

deficiency of 573t 
dietary requirement for, 558t 

B1PS, 1328,1348, I350f 

Birman cat, neutrophil granulation anomaly in, 1940 
Birth. See Parturition 

Bisacodyl, for constipation, 511, 1404, 1404t, 1405 

Bismuth subcitrate, for acute gastritis, 1316 
Bismuth subsalicylate 
for diarrhea, 510 
for flatulence, 149 

Bisphosphonates, for hypercalcemia, 1520-1521, 152It 

Black widow spider bites, 243, 247 
Bladder 

anatomy and physiology of, 105-106 
atony of 106, 107, 109 
biopsy of ultrasound-guided, 273 
disorders of 

and incontinence, 103 f, 106-107,109- 111, 111 f 

pharmacologic treatment of 108t 

and stranguria, 107, !07f 
and urine retention, 106-109, 107f 
endoscopy of. See Cystoscopy 
herniation of in perineal hernia, 1411, 1412 
infection of. See Urinary tract, infection of 
inflammation of. See Cystitis 
innervation of 106, 110 

neoplasms of, 784-785, 785f 
pelvic, 1874 

rupture of, 1870-1871, 187If 
Bladder tumor antigen test, 1720 

Blastomycosis, 675-680, 677-678f 

of central nervous system, 840, 850-853 

geographic distribution of 676F 

pulmonary, 303f, 1252, 1253f 
skin lesions tn, 31, 60, 62 

Bleeding. See Hemorrhage 
Bleeding diathesis. See Coagulopathy 
Bleomycin, in chemotherapy, 718 
Blepharitis, systemic disease and, 92 


cysts of, 1982-1983, 1983f 

disorders of 

congenital, 1970-1972, 1970b, 197 If, 1972f 
developmental, 1972-1978, 1974b, 1975-1978f 
diagnosis of 1967-1970, 1968b 
and elevation of serum enzyme levels, 1424t 
and failure to grow, 80, 80b, 82 

idiopathic, 1978-1983, 1979-V985f 

metabolic, 1970b, 1983-1988, 1985f 1986f 1988f 

n utri tion al, 5 6 ], 563-566, 1984-1986, 1987f, 

1988-1989, I989f 

dysplasia of, and dwarfism, 1970b, 1973-1975, 1974b 

fractures of 

pathologic, in nutrition-re la ted skeletal disorders, 563, 56 5f 
scintigraphic evaluation of 367, 370f 
growth and modeling of 1966-1967, 1967f 
hyperostosis of, idiopathic, 857, 858f 
hypertrophy of paraneoplastic, 795, 1242, 1242f, 

1981-1982,1982f 

infarction of medullary, 1982, I982f 

infection of, 503, 1989-1991, I990f, 199If. See aha 

Osteomyelitis 

neoplasms of 1989, See also Osteosarcoma 
appendicular skeleton, 761-768, 764f 768f 
axial skeleton, 768-772, 769-77If 
metastatic, 725t r 772, 772f 
radiation therapy for, 724-725t 
osteolytic lesions of in multiple myeloma, 744, 745, 745f 
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Bone (Continued) 

scintigraphy of, 354t, 1968 

background and techniques, 360-365, 362t, 363t 
neoplastic disease, 363-365, 366£ 367f 

nonneoplastic disease, 365-369 
normal scans, 364f, 365f 
three-phase, 368-369, 369t, 37If 
structure of, 1965-1966, 1966f 
traumatic injury to, 437 

Bone marrow 

aspiration and biopsy techniques, 285-288, 286f, 287f 
disorders of, and anemia, 2l3t 
feline leukemia virus infection of, 654 
in iron deficiency anemia, 1890 
regenerative response in, 1886-1888 

suppression of 

and anemia, 1913-1915 
chemotherapy and, 710-711, 7 lit, 712 
feline leukemia vims and, 655-656 
in thrombocytopenia, 235, 1920 
Bone marrow transplants, in genetic disorders, 268 

Borborygmus, 148, 149,1345 

Bordetella bronchiseptica infection 
antibiotics for, 502 
and laryngitis, 1203 
and pharyngitis, 1201 
in tracheobronchitis, 1219, 1220 

vaccination for, 6Q7t, 608t, 614t 

zoonosis, 704 

Boric acid, for otitis externa, 1177t, 1178, 1179 
Bomavirus infection, 652, 668t, 670 

Borreli osis, 619 -62 2 
and arthritis, 1960 

in cats, 622 

of central nervous system, 851 -853 
renal failure in, 1734 
skin 1 esions in, 31 

vaccination for, 6081, 6091, 621-622 

zoonosis, 622 

Botulism, 243, 629-631, 891 

Bougienage, for rectal stricture, 1415 
Bowel. See Colon; Small intestine 
Bowen's disease, 44 
B oxer 


Brain (Continued) 

neoplasms of, 830-835, 83It, 842 
response to damage of, 803 
traumatic injury to, 409-412, 435, 436 
hyperbaric therapy for, 550 
vascular disease of, 829-830, 836b, 840-841 
Brain disorders, 803-835, See also Neurologic disorders; 

specific disorders 
arterial embolism and, 1151 
and ataxia, 158 

diagnosis of, 816, 817-818f 819-820 

neurologic examination in, 803-816. See also Neurologic 

examination 

infectious, 829, 836b, 837-840 

diagnosis by immunoassay, 603 
inflammatory disease. See Encephalitis 

metabolic encephalopathy, 153-155, 798-802, 836b, 841-842 
multifocal disease, 836-842, 836b 

and p aresis, 158 

and polyphagia, 120, 121b 

and seizures. See Seizures 

and sleep disorders* 180 

and stupor/coma, 161-162, J 63f 

and tremors, 157, 806, 812, 828-829, 841 
and w eakness, 30 
Brain natriuretic peptide 
in heart failure, 926 

as marker of cardiovascular disease, 936, 945-947 
Brain stem auditory evoked response 
in brain disorders, 820, 832 
in hearing assessment, 1184-1185 

in stupor/coma, 162 
Brain stem disorders 

ataxi a and p aresis in, 158-160 
and dysphagia, 1201 
signs of, 812-814 
and stupor/coma, 161-162, 163f 
Brain stem reflexes 

in head trauma assessment, 410 
in hearing assessment, 1184 

Branham's test, 1158 

Breath tests, in small intestinal disorders, 1350-1351, 1366 
Breech birth, 1663 

Breeding management. See also Artificial insemination; Infertility; 

Reproductive system 

of bitch, 1647-1649, I648f 

brucellosis control in, 627 

genetic defects and, 268 

optimization of neonatal survival, 1709-1711 

preventive health care in, 1713 
of queen, 1703-1704 
Briard dog, retinopathy in, 541 
Brittany spaniel, inherited renal disease in, 182 It 
Bromethalin rodenticide toxicosis, 259 

Bromocriptine, 1655t 

for pregnancy termination, 1670t, 1673 

for pseudopregnancy, 1655 

for shortening of anestrus, 1645-1647, 1646f 
Bronchi 

anatomy of, 384f 

ciliary dyskinesia of, 1237-1238, 1237f 

compression of, 1238 
diagnostic sampling of, 383 

disorders of 1233-1239 

endoscopy of See Bronchoscopy 

foreign bodies of 1238 
mineralization of, 1239 
neoplasms of 1239 


cardiomyopathy in, 1080^ 1081, 1080f 
histiocytic ulcerative colitis in, 1398 
tachyarrhythmia and syncope in, 26 
Brachial plexus 
avulsion of, 898 

nerves of, functional evaluation of, 889t 
neuritis of, 894-895 

Brachycephalic syndrome, 1200, 1202-1203 

Brachyspira pilosicoli infection ,138 St, 13 90 

Brachytherapy, 725-726, 726f 

Brady arrhythmia. See also Arrhythmias 

pacemaker implantation for, 348-351, 350f, 1075-1076 
and syncope, 26 
Bradycardia, 1046 

Bradykinin, in shock, 213t 
B rain. See a Iso specific parts of brain 
abscess of 838, 839f 
biopsy of, 288-289, 820, 832 

congenita] and hereditary disease of, 820-829 

inborn errors of metabolism, 823-826 
malformations, 820-823 
movement disorders, 827-829 
glucose requirements of 798, 800 
herniation of 161, 803 
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C fibers, in feline idiopathic cystitis, 1830-1831, 183Qf 
Cabergoline, 1655t 

For estrus induction, 1682, 1708 
for galactostasis, 1666 

for pregnancy termination, I670t, 1673, 1675 

for pseudopregnancy, 1655 

Cachexia, 78-80, 79b, 79f 
cardiac, 579-580, 933-934 
neoplasia and, 789-790 
and weakness, 30 
Caffeine, and ptyahsm, 124 

Cairn terrier, inherited renal disease in, 182U, 1822 
Calciferol. See Vitamin D 

Calcinosis circumscripta 
skin lesions in, 44 

spinal cord compression in, 853, 853f 
Calcinosis cutis, 44, 46, 50 

Calcitonin, for hypercalcemia, 259 r 1521-1522, 152 It 
Caidtriol. See also Vitamin D 

for hyperparathyroidism, renal secondary, 1783-1784 
for renal secondary hyperparathyroidism, 1767 

Calcium 

blood level of, decreased- See Hypocalcemia 
blood level of, increased. See Hypercalcemia 
in diet 

in secondary hyperparathyroidism, 1531, 1984 

in skeletal developmental disorders, 563, 564, 565 
in fluid therapy, 419 * 

metabolism of, 236-237, 563, 564f 

in neuromuscular activity, 1529 

oral supplementation of, 1533t, 1534-1535, 1667, 1707 
renal deposition o£ 1771-1772 

Calcium carbonate 

for eclampsia, 1667, 1707 
as phosphate binder in chronic renal failure, 510 
Calcium channel blockers 
for arrhythmia, 1074-1075 
for hypertension, 475-476, 478 

in chronic renal failure, 1781 
Calcium gluconate 

as cardioprotectant, in hyperkalemia, 449 

for cardiopulmonary resuscitation, 408t 

constant rate infusion of, 5451 

for eclampsia, 451, 1667, 1707 

for hyperkalemi a, 1745, 1746t 

for hypocalcemia, 1531, 1533, 1533t 

for uterine inertia, 1660, 1662 
Calcium ipodate, for hyperthyroidism, 1554t, 1556 
Calcium oxalate. See Oxalate 
Calcium oxalate urolithiasis. See Oxalate urolithiasis 
Calcium phosphate urolithiasis, 1855t, 1868 
Calcium receptor agonists, for hypercalcemia, 1522 
Calcium-based binding agents, for hyperphosphatemia, 510, 

1777-1778 

Cal cuius, urinary. See Urolithiasis 
Calicivirus infection, feline, 667-669, 668t 
and laryngitis, 1203 

and pharyngitis, 1201 
and respiratory disease, 1251 
and rhinitis, 1191 

skin lesions in, 49 
Calico cat. See Tricolor cat 
Caloric restriction, in weight loss, 77-78 
Calvarial hyperostosis, 1979-1980 

Campylobacter infection 

and diarrhea, 1356, 1385t, 1390-1391 
zoonotic, 703 

Cancer See Neoplasms 


Bronchial brushing, technique for, 1214-1215 
Bronchial disease, feline, 1235-1237, 1236£ See also 

Asthma, feline 
Bronchiectasis, 1235 

Bronchitis, chronic, canine, 393, 1233-1235, I233f 
Bronchoalveolar lavage, 383, 1214, 1218-1219 
Bronchodilators 

for bact eri al pn eumonia, 1250-1251 
for bron chial disease, feline, 1237 

for bronchiectasis, 1235 

for canine chronic bronchitis, 1234 

for cough, 192t 

for heartworm disease, feline, 1143 
in metered dose inhalers, 391-393 

for pulmonary edema, 1241 
for tracheal disease, 1220t, 1226, 1228 
Bronchoesopha geal fistula, 1238 
Bronchoscopy 

in bronchiectasis, 1235 
in respiratory disease, 1210-1211, 1213-1214 
technique for, 383, 384f 
in tracheal disease, 1218, 1225, 1232 
Brown recluse spider bites, 247-248 
Brucellosis, 625-628 

and abortion, 1647, 1656, 1685 
in cats, 627 

and discospondylitis, 858 

zoonotic, 627-628, 704 

Brush border, of small intestine, 1333, 1334f, 1341 
Buccal mucosal bleeding time, 235, 291-292, 292f, 

1922,1923f 


Budesonide 

for bronchopulmonary disease, 392 
for inflammatory bowel disease, 1370, 1396 
Bufo toad toxicosis, 245, 254, 254t 

Bull terrier 


acrodermatitis in, 1942 
renal disease in, 182It, 1822 
B uli a osteotomy, 1182-1183 
Bullae, pulmonary, 1258-1259, 1282-1283 
Bull dogs, head tremors in, 158 
Bumetanide, for congestive heart failure, 955 
Bundle branch block, 1059, !059f, 1066-1067, 1066£ I067f 

Bundle of His, 1041 

a-Bungarotoxin, in diagnosis of myasthenia gravis, 895 
Buparvaquone, for protozoal infection, 64Ot 

Ruprenorphine 

for feline idiopathic cystitis, 1840, 184It 
for gastric ulceration, 1319 
in pain management, 23 

Burmese cats, hypokalemic myopathy in, 239, 909 
Buspirone, for feline idiopathic cystitis, 1842t, 1843 
Butorphanol 

constant rate infusion of, 545t 
for cough, 192t 

in canine chronic bronchitis, 1234 
in mitral insufficiency, 1031 
in tracheal disease, 1220t 

in pain management, 23 

for arterial thromboembolism, 406, 898, 1101 

in bone neoplasia, 763t 
in feline idiopathic cystitis, 184It 
for gastrointestinal emergencies, 430 
for pediatric spay/neuter, 1668 
for sedation 

in cardiomyopathy, feline, 1094 
in peritoneal lavage, 269 
Butterfly vertebrae, 855 
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Candida infection, 686-687 

of central nervous system, 840 
and stom atitis, 1 29 5 

of urinary tract, 1808, 1871 

Canine respiratory disease complex. See Tracheobronchitis 

QapiUaria aerophila infestation, 1236, 1255, 1255f 

C apillaria plica i nfestation, and cystitis, 1872 

Capillary refill time, 211 

Captopril, for cardi omy op athy, 1080 

Carbamate insecticides, 65, 259-260 

Carb aryl, for ectoparasites, 68, 1177t 

Carbimazole, for hyperthyroidism, 1553-1555, 1554t, 1559 

Carbohydrates 
in diet 

in feline diabetes mellitus, 578 

in gastrointestinal disease, 572-573 
in hepatic disease, 576 
metabolism of 

in hepatobiliary disease, 1429 
in paraneoplastic syndrome, 790 
in parenteral nutrition, 588 
small intestinal absorption of, 1335 

Carbon dioxide, 396, 400 
Carbon monoxide poisoning, 1261 
Carbonic anhydrase, 396 

Carboplatin 

in chemotherapy, 718, 720t 
for osteosarcoma, 765, 765t 
Carcinoid tumors 

hepatic, 1478 
intestinal, 1631-1632 

Carcinoma. See also Adenocarcinoma; specific sites and 

of specific tumors 

biliary, 1476,1477-1478 
hepatocellular, 1476-1478 
of prostate, 1817 
Carcinoma in situ, 1399, 1413 
Carcinomatosis 1 

and ascites, 151, 153 
of central nervous system, 842 
Cardiac arrest, resuscitation for, 405, 407-409, 4Q8t 
Cardiac arrhythmias. See Arrhythmias 

Cardiac asystole, 407, 408 
Cardiac catheterization. See also Angiography 
in congenital heart disease, 976-977 
in congestive heart failure, 935 
in constrictive pericarditis, 1118 
in pulmonary hypertension, 1285 
in pulmonary thromboembolism, 1287 
Cardiac emergency treatment for 

arrhythmias, 404-405 
arterial thromboembolism, 406 
cardiopulmonary arrest, 405, 407-409, 408t 
heart failure, 405-406 
pericardial effusion, 406 
Cardiac function evaluation, 319-324 

chamber dilatation, 319-320, 320f 32 If 322f 

diastolic function, 324, 936b, 937-938 
ejection phase indices, 320-321 
heart size, 319-320 

hemodynamic parameters, 324, 936-937, 936b 
left ventricular volumes, 320, 322f 
systolic function, 936-937, 936b 
systolic time intervals, 321, 323, 326t 
Cardiac glycoside toxicosis, 245, 251 

Cardiac output 

decreased, signs of 25f 26, 29 
measurement of, 977 
in systolic dysfunction ,915 


Cardiac pacemakers, implantation of 348-351, 350f 

1075-1076 

Cardiac tamponade 

in constrictive pericarditis, 1116-1118 

in left atrial rupture, 1034-1035, 1113, 1116 
in pericardia] effusion, 406, 1108-1109 
Cardiomyopathy, 1077-1104 
acromegaly and, 1098 
arrhythmogenic right ventricular 
canine, 1080-1081 

feline, 1097-1098 
classification of 1082 
dietary management of 580, 582 

dilated 

ACE inhibitors in, 962-963 

beta- blockers for, 964 

canine, 1077-1080, 1077f 

carnitine supplementation for, 582 

echocardiography of 321f 
taurine deficiency and, 559, 580 
feline, 559, 580, 953,1082-1087 
troponin in assessment of 943-944, 944f 
in dystrophin-deficient myopathy, 906-907 
hyperthyroidism and, 1098, 1547 

hypertrophic 

canine, 1081-1082 

feline, 1087-1095 

arteriosclerosis in, 1156 

diagnosis of 1091-1093 
etiology of 1087-1088 

incidence of 1087 

pathophysiology of 1088-1091, 1090f 
treatment of 1093-1095 
management of 968 
troponin in assessment of 943f 944 

hypothyroidism and, 1082, 1538, 1543 

vs. mitral insufficiency, 1030 

of overload, 939 

restrictive, feline, 1096-1097, !097f 
thromboembolism in, 1098-1104, 1149. See also 

Thromboembolism, arterial 
unclassified, feline, 1095-1096 

Cardiopulmonary arrest, resuscitation for, 405, 407-409, 408t 

Carnitine 

for cardiomyopathy, 1078, 1081 
dietary requirement for, 560 

in heart disease, 582 
in hepatic disease, 575 

for hepatic lipidosis, 576, 1447 

Camitinuria, 1825 

Carotenoids, as antioxidant, 523 
C a rprofen 

adverse reactions in cats, 532t 
for analgesia, in bone neoplasia, 763t 
and hepatotoxicity, 1467 

for lameness, in systemic lupus erythematosus, 1957 

for osteoarthritis, 520-521 
for pain, 519t, 520 

Cartilage, ulnar, retained cores of, 1976, 1977f 
Cartilaginous exostoses, multiple, 767, 876-877, 1978, 1978f 
feline leukemia virus infection and, 657, 772 
Carvedilol 

for arrhythmia, 1072, 1073 

in mitral insufficiency, 1032 
for cardiomyop athy, 1080 
for congestive heart failure, 964 

Caspofungin, 675 

Castor bean, toxicity of 245, 252 

Castration. See Sterilization 
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Cerebral cortex (Continued) 

congenital malformations of, 820-821 
dysfunction of 

clinical signs of, 814 
in hypothyroidism, 1537-1538 
Cerebral edema 

and stupor/coma, 161 
treatment of, 162, 411 
Cerebral perfusion pressure, 410 

Cerebrospinal fluid [CSF), 838-839 

analysis of 

in brain disorders, 820 

in brain neoplasia, 832 

in cryptococcosis, 684 

in discospondylitis, 859 

in encephalitis with meningitis, 837, 838-839 

in intervertebral disk herniation, 867 

in lymphosarcoma, 838f 

in spinal cord disorders, 843-844, 851-852 
in spinal tumors, 875 

antibiotic penetration of, 852b 

collection of 295 

immunoassay of for infectious diseases, 603, 621 r 837-838 
Cerebrovascular disease, 829-830, 830f 
hypertension and, 474 
and multifocal neurologic disease, 836b, 841 
and neurologic dysfunction, 800 
Ceroid lipofuscinosis, 826 

Cerumen removal, from ear canal, 1174-1176, 1175t 
Ceruminolytics, 117 5t, 1178 
Ceruminous gland tumors, 750-751 

Cervical instability/stenosis. See Spondylomyelopathy, cervical 

Cervical mucocele, 1295-1296, 1296f 1297f 

Cervical pain, intervertebral disk herniation and, 868 
Cervical ventroflexion in cats, 906, 906f 
Cervicovaginal secretions, and timing of mating, 1684 
Cervix 

anatomy of 339, 339£ 340f I643f 1697 
catheterization of 281-282, 338-341 
fibrosis of 1663 
palpation of 279-280 
Cesarean section, indications for, 1664 
Chagas T disease, 1081 
Chamomile, toxicity of 526b 
Charcoal, activated 
for flatulence, 149 
in gastric lavage, 337 
for toxicosis, 1468 

Ch£diak-Higashi syndrome, 1938-1939 

Chelator therapy 

for copper-associated hepatitis, 1437-1438 
for heavy metal toxicosis, 260 

Chemical toxicities, 256-261, 1897b, 1904-1907, 1905b 
Chemodectoma, 1113,1270 

Chemonucleolysis, for intervertebral disk disease, 869 

Chemoradiotherapy, 709, 731-732 

Chemoreceptor trigger zone, 133, 429f 
Chemotherapy 

and anorexia, 117 

for brain neoplasms, 833 

for hemangiosarcoma, 760-761, 760b 

for histiocytosis, 782 

for lymphoid leukemia, 741-742 

for lymphoma, 736-739, 73 7t, 738t, 784 

m an agernent of 708-720 

administration of 709-710, 714-716 

client information on, 713 

combination, 709, 712, 716 
dosage in, 710, 715-716 


Casts, in urinalysis, 1724-1726, 1725-17 26f 

in acute renal failure, 1741 
in glomerulopathy, 1788 

Cat scratch disease, 702, 1038 
Cataplexy, 27, 180 

Cataracts 

acute vision loss and, 96b 
in diabetes mellitus, 1590 
systemic disease and, 94 
C atecholamines. See also specific catecholamines 
receptors for, 1634t 

synthesis and catabolism of 1632-1633, 1633f 

Catheterization 

cardiac. See also Angiography 

congenital heart disease, 976-977 
congestive heart failure, 935 
constrictive pericarditis, 1118 
pulmonary hypertension, 1285 
pulmonary thromboembolism, 1287 
of cervix, 281-282, 338-341 
of jugular vein, 293-294, 293b 
of urethra 

in dogs, 300-301, 300f 30If 
in male cats, 385-386, 385f 386f 
Catheters, embolization by, 1160 
Cauda equina, 849 
Cauda equina syndrome, 870, 870b 
Cava] syndrome, in heartworm disease, 1132-1134, 

1132f 1133f 

Cavalier King Charles spaniel, mitral insufficiency in, 

I022f 1024 


Cecum 

inflammation of 1398-1399 
neoplasms of 1399 
resection of 1407 

Cefadroxil, for staphylococcal pyoderma, 521 
Cefazolin 


for bacterial pneumonia, I250t 
for gastrointestinal emergencies, 430 
Cefoxitin, for peritonitis, septic, 403 
Celiac disease, 1364 

Cell-based delivery, in gene transfer, 541 
Cellulitis, juvenile, 44, 1171 
Central nervous system See also Brain; Spinal cord 
acupuncture effect on, 533-534 
antibiotic penetration of 501 

disorders of in hypothyroidism, 155, 801-802, 841, 1537 
lymphoma of, 738, 784 

Central retinal degeneration, feline, 94 h 97b, 559 
Central venous pressure measurement, 294, 294f, 935 
Cephalexin 

dosage of in renal failure, 1776t 
for staphylococcal pyoderma, 52t 
Cephalic venipuncture, 386-387 
Cephalosporins 

for bacterial pneumonia, 1250t 
for central nervous system infections, 852 
for discospondylitis, 860 
for infective endocarditis, 1039 
Cephalothin, dosage of in renal failure, 1776t 
Cerebellar ataxia, hereditary, 827, 827f 
Cerebellum 
disorders of 

and ataxia, 160 

congenital/her editary, 821, 827, 827f 
and tremors, 156-157, 812 
hypoplasia of 157, 669, 821 

Cerebral cortex 

blood flow regulation in, 409-410 


IND 


Volume I pp 1-912 * Volume II pp 913-1992 





INDEX 


xiv 


Chemotherapy (Continued) 

drug resistance in, 712, 716 
drug selection in, 714, 717-720, 718-720t 
patient monitoring in, 716-717 
patient selection for, 713-714 
supportive treatment in, 717 
with surgery, 709, 714 
tumor biology and, 708 
for mast cell tumor, 776 
for multiple myeloma, 745-746 
for myeloproliferative disorders, 743 
for oral neoplasia, 1294 
for osteosarcoma, 765, 765t, 766 
for pericardial tumors, 1115 
for pheochromocytoma, 1637 
for prostatic neoplasia. 1818 
for soft tissue sarcoma, 756, 757 
for spinal neoplasia, 876 
for thyroid neoplasia, in dogs, 1560 
toxicity of 710*712, 71 It 

and coagulopathy, 717, 1935-1936, 193St 
and cystitis, 717, 1872 
to heart, 944-945 

to kidney, 1733b 
and thrombocytopenia, 226 
for transitional cell cardnoma of bladder, 785 
for transmissible venereal tumor, 786 
Chest. See Thorax 

Chest tube, indwelling, 382-383, 382t 
Cheyletieilosis, 67, 69t 

diagnosis and treatment of 67 
pruritus in, 38, 40t, 4It 
skin lesions in, 50, 55, 56t 
skin scrapings for, 388-389 
Cheyne-Stokes respiration, 162 
Chiari-like malformations of brain, 821, 82 If 
Chigger infestation, 67-68 
Chinaberry, toxidty of, 252 
Chlamydia psittaci. See ChLamydophilia felis 
Chlamydophilia fdis infection, 93, 614t 
Chlorambucil 

in chemotherapy, 717, 718t 

for chronic gastritis, 1325 

for inflammatory bowel disease, 1396 

for lymphoid leukemia, 742 

for lymphoma, 737 

for multiple myeloma, 746 

side effects of 711, 71 It 

for systemic lupus erythematosus, 1957 
Chloram phenicol 

adverse reactions in cats, 532t 

for discospondylitis, 860 

dosage of in renal failure, 1776t 

for inflammatory bowel disease, 1370 

for meningitis, 838 

for meningomyelitis, 852, 853 

for otitis externa, 1176t 

Chlorhexidine 

for otitis externa, 1176t 

for stomatitis, in acute renal failure, 1747, 1748t 
Chloride 

blood level of 

in metabolic acidosis, 400 
in renal tubular acidosis, 1827 
intestinal transport of 1337, 1381 
Chlorothiazide, for congestive heart failure, 955, 1131 
Chlo rph eniramine 

with hydrocodone, for cough, 192t 
for pruritus, 510 


Chlorp romazine 

contraindication for, 449 

for feli n e i di op athic eystitis, 18421 

for vomiting 

in acute renal failure, 1748t 

for gastritis, 1319 
in parvovirus, 1355 

Chocolate, toxicity of, 242 

Cholangiohepatitis, 576-577, 1447 

Cholangiolitis, 1441-1442 

Cholangitis, dietary management of 576-577 

Cholangitis/cholangiohepatitis, bacterial, 1479 

Choiangitis/cholangiohepatitis complex, In cats, 1448-1453, 

]449t, 145 If 1490 
Cholec aldferol, See Vitamin D 
Cholecystitis, 1479, 1480-1481, 148 If 
Cholecystokinin, ]623t, 1625, 1627 
Cholelithiasis, 1479, 1480, 1481, 148 If 

and cholangitis/cholangiohepatitis complex, 1450, 145If 
Cholestasis 

biliary obstruction and, 1434, 1479, 1480 
hepatic enzyme levels in, 1425 
infectious hepatitis and, 1 475b 

and jaundice, 223, 225 

in xenobiotic toxidty, 1465 
Cholesteatoma, 1180-1181 

Cholesterol 

in bile duct obstruction, 1479 

blood level of, increased. See Hypercholesterolemia 

in glomerulopathy, 1799 

in hepatobiliary disease, 1429 

metabolism of, 592-593, 592f 

Cholestyramine, for hypercholesterolemia, 595 
Choline 

deficiency of 573t 
dietary requirement for, 558t, 560 
in hepatic disease, 575 
in hepatic lipidosis, 576 
C hondritis, auricular, 1171 
Chondrodysp Lasia 

hereditary deforming. See Osteochondromatosis 

zinc-responsive, 1988 

Chondrodystrophy. See also Osteoch ondrodysplasia 
and failure to grow, 80, 80b, 82 
and intervertebral disk disease, 864 
Chondroitin sulfate, for osteoarthritis, 565 
Chondrosarcoma, 767, 768f, 77Of, 1274 
CHOP protocol, for lymphoma, 736, 738 
Chordae tendineae, rupture of, 934, 1034 

Chorea, 827-828 

Chorionic gonadotropin. See Gonadotropin, chorionic 
Chorioretinitis, systemic disease and, 94 
Choroid plexus tumor, 833-834, 834f 842 
Chow chow, inherited renal disease in, 1822 
Chromium, in diabetes mellitus, 578 
Chromosomal disorders, 266 

and heart failure, 1088 
and infertility, 1681, 1693 
and muscular dystrophy, 904-905 
nephropathy in Samoyed, 265t 
severe combined immunodeficiency, 1941-1942 
Chylomicron test, 594 

Chylomicrons, metabolism of 2651, 592-593, 592f 

Chylothorax, 1281-1282, 128If 
effusion in, 207, 1278t 
and fibrosing pleuritis, 1276, I277f 
Chylous ascites, 151, 152f 153 
Chymopapain, for intervertebral disk disease, 869 
Ciliary dyskinesia, primary, 1190-1191, 1237-1238, 1237f 
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Coagulation, See Hemostasis 
Coagulation factors, 1929-1932 
deficiency of 265t, 541, 1932 

in hepatic disease, 1426-1427 
Coagul opathy. See also specific disorders 

acquired, 1933-1937 

blood component transfusions for, 466-467, 467t, 1928-1929 

diagnostic tests for, 227, 235, 291-292, 1932-1933, 

See also under Platelets 

and epistaxis, 225-226, 227, 228b 
and bematochezia, 142b 

and hemoperitoneum, 151, I52f 

and hemoptysis, 229-31, 231b 

inherited, 1924, 1926t, 1932-1933, See also 

von Willebrand disease 
in leptospirosis, 617 

in liver disease, 442, 1426-1427, 1935 

and melena, 142 

methim azole and, 1555 

and nasal discharge, 208b, 209 

in paraneoplastic syndrome, 744, 792 

and pericardia] effusion, 1116 

platelet disorders in, 1920-1927, 1925-1926t. See also 

Thrombocytop athia; Thrombocytopenia 

and purpura, 232-235, 233-234f 
rodentirides and, 244, 258, 1933-1935, 1934b 
in uremia, 1737, 17484749, 1766-1767, 1910-1911 
von Willebrand disease in, 232, 466, 467t, 1924-1929, 

1927t, 1928t 


Cimetidine 

for acetaminophen toxicity, 1469 
constant rate infusion of, 545t 
for gastric acid reduction, 511 
for gastrinoma, 1631, 163lb 
for gastritis, in acute renal failure, ]748t 
for gastrointestinal ulceration, 430, 449 
Circling, in brain disease, 806, 815 

Circulatory failure, causes of, 914, 914f 
Cirrhosis 

and ascites, 151 
development of 1445 
dietary management of, 576-577 
and edema, 711 

skin lesions in, 50 
Cisapride 

adverse reactions to, 1405 
for anorexia, 118 

for constipation, 14Q4t, 1405 
for delayed gastric emptying, 1329 
for esophagitis, 1301 

for vomiting, in acute renal failure, 1748t 
Cisplatin 

adverse reactions to, 711, 71 lt # 712 
in cats, 53It 

nephrotoxicity, 765, 766t, 1733 
in chemotherapy, 718, 720t, 732 
constant rate infusion of 545t 
for mesothelioma, pericardial, 1115 

for osteosarcoma, 765, 765t 

fo r p rostatic neoplasia ,1818 
for transitional cell carcinoma, 785 
Citrate, in calcium oxalate urolithiasis, 1859 
Citrus oil, toxicity of, 256 
Clarithromycin, for mycobacteriosis, 625 
Cleaning products, toxicity of, 255-256 
Cleft palate, 1200 

Clemastine fumarate, for pruritus, 510 

Client relations, 486-489, 535-538 

Clindamycin 

dosage of, in renal failure, 1776t 
for encephalitis, 829 
for meningitis, 838 
for myositis, infectious, 903 
for protozoal infection, 640t, 840 
for staphylococcal pyoderma, 52t 
for tetanus, 629 
for toxoplasmosis, 642 
Clitoris, abnormalities of 1688, 1689f 
Clofazimine, for mycobacteriosis, 625 
Clomipramine 

for canine compulsive disorder, 187 
for feline idiopathic cystitis, 1843 
for feline urine spraying, 187 
and thyroid hormone suppression, 1539 
Clomdine supression test, in pheochromotytoma, 1637 

Cloprostenol, for pregnancy termination, 1670t, 1672, 

1673, 1675 

ClostruiiwTtt bondimtm infection, 243, 629-631, 891 

CJbsfriiiiutti infection 

antibiotics for, 499, 1280t 

and diarrhea, 1357, !385t, 1391 
and myositis, 903 
and pyothorax, 1280t 
Cfcfftridmm tetrni infection, 628-629, 839 

Clotrimazole, 6891 

Clotrimazole; for nasal aspergillosis, 697-699, 698f, 1192 
Cl oxacillin, for discospondy litis, 860 
Cluster seizures, 165, 167-168b 


Coat, See Hair 

Cobalamin 

deficiency of 140, 573t 
and anemia, 1916 
and malonic aciduria, 823 

in pancreatic exocrine insufficiency, 140, 1494, 1495 
in pancreatitis, 1490 

small intestinal absorption of 1335-1336, 1335f 
in small intestinal disorders, 139-140, 1349, 1366, 1369 
Cocaine, and ptyalism, 124 
Coccidioidomycosis, 690-694, 69If, 692f 
of central nervous system, 840, 850-853 
geographic distribution of 676f 

of lung, 1252, 1254f 

and pericardial disease, 1111, 1116, 1111118 
skin lesions in, 31 

Coccidiosis, 1359-1360, 1385t, 1388 
Cocker spaniel 

chronic hepatitis in, 1446 
copper storage disease in, 577 
dilated cardiomyopathy in, 1078 
inherited renal disease in, 1821t r 1822 
otitis externa in, 1173, 1178 
Codeine, for cough, 1220t 
Codeine-acetaminophen, for analgesia, in bone 

neoplasia, 7631 

Coenzyme Q10, for heart disease, 582 
Cognitive dysfunction of aged dogs, 181-182 

Colchicine 

for familial amyloidosis of Shar Pei, 1965 
for hepatic amyloidosis, 1470 
for hepatic fibrosis, 1437, 1445 
for idiopathic pericardial effusion, 1114 
for renal amyloidosis in Shar Pei, 1795 
toxicity of 252 

Colectomy, subtotal, for megacolon, 1406, 1407 
Colitis. See also Inflammatory bowel disease (IBD) 
clinical signs of 1394-1395 
criteria for, 1392-1393 
diagnosis of 1395 
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Colitis (Continued) 

histiocytic ulcerative, 1398 

pathophysiology of 1393-1394, 1393f 1394t, 1395f 

perianal fistula and, 1399 

treatment of, 507, 1395-1398, 2397t 
Collie dog 

cyclic hemopoiesis in, 1939-1940 
derm atomy ositis in, 32 

ivermectin toxicosis in, 66 
Colloid osmotic pressure, 4I3f 414 
and edema formation, 39 
Colloid solutions, 4 15, 416-417t 
in fluid therapy, 415, 419 
for acute renal Failure, 1744 
for heatstroke, 440 
for shock, 457 
Colon 

algal infection of 1385t, 2389 
anatomy of 1378-1380, 1379f 

bacterial flora of 1382 

bacterial infection of 1385t, 1390-1392 
biopsy of 1380, I380t, 1386, 1392 

disorders of 

and constipation, 144, 1401-1406, 1402t, I403f 
diagnosis of 1383-1386, 1383t, 1384f 1385t 
and hematochezis, 341b 

and irritable bowel syndrome, 1406 
and megacolon, 144 

small intestinal disease and, 1337 
and vomiting, 133b 

endoscopy of 375-376, 1386, 1386f 1400 
enlargement of See Megacolon 

fungal infection of 680, 68It, 1385t, 1388-1390 
immune responses of 1379, 1382 

and inflammation, 1393, 1393f 1394t 

infarction of 1151 
inflammation of See Colitis 
intussusception of 1400-1401, 1401 f 
motility of 1382-1383 

disorders of 1393-1394, 1394t, 1395f 2401-1406 
neoplasms of 1399-1400 
obstruction of 1399-1401 

parasitosis of 1385t, 1386-1388 

perforation of 1406-1407 
physiology of 144, 1380-1383, 138 I t 
protozoal infection of 1385t, 1387-1388 
surgery of 1407-1408 
ulcers of 1398, 1406-1407 
Colonoscopy, 375-376, 1386, 1386f 1400 
Colostrum, 1709, 1710-1711 
Coma, 161-162, 163f 
in diabetes mellitus, 425 
in head trauma, 410 

Compassionate care, 535-538 

Complement component 3 deficiency, 265t 
Complex inheritance, 266 

Compulsive disorder, 186-187, 189 
Computed tomography (CT) 

in bone disorders, 1968-1969, 1969f 

in bone neoplasia, 762 

for brain biopsy, 288-289 

in brain disorders, 411, 819-820, 819f 830 

in congenital heart disease, 975-976 

in ear disease, 1172, 1182f 

in hyperadrenocortidsm, 1602-1603, 1603f 
of lungs, 1243-1244, 1244f 1288 

in mediastinal disease, 1211, 1267 

in nasal/pa ran asal sinus disease, 209, 695, 1188 
in pancreatitis, 1485, 1489 


Computed tomography (CT) (Continued) 

in peripheral nerve neoplasia, 897 
in pharyngeal/laryngeal disease, 1197 
in pheochromocytoma, 1636, 1636f 
in portosystemic shunts, 1458 

in prostatic disease, 1813, 1813f 
in respiratory disease, 1212 
in soft tissue sarcoma staging, 753, 754f 
of urinary tract, 1856 
Conception, failure of 1683-1684, 1704 
Conduction disorders, cardiac, 1051, 2065-1067, 1065f, 1066f 
Conflict-related aggression, in dogs, 184 

Congenital disorders. See also Inherited disorders; 

specific conditions 


1 


and alopecia, 35t 

of brain, 820-829 

inborn errors of metabolism, 823-826 
malformations, 820-823 
movement disorders, 827-829 

and cyanosis, 219, 220b 
and failure to grow, 80b, 82 

of heart. See Heart disorders, congenital 

of muscle, 904-905, 906-909, 907t 

of nose and nasal sinuses, 208b, 1190-1191 

of peripheral nerves, 892t 

portosystemic shunts. See Portosystemic shunts 
and pty alism, 123 

and skeletal disorders, 1970-1972, 1970b, 197If 1972f 

of spinal cord, 846-847b 

Conjunctival disorders, systemic disease and, 92-93 
Conn's syndrome, 1612 

Consciousness, altered states of 161-162, 163f 
in brain disorders, 410, 814 

Constant rate infusions, 544-550, 545t-549t 
Constipation, 144-145, 1400-2406, 1402b 
management of 1403-1406, 1403f 1404t 

over-the counter drugs for, 511 

Consumptive coagulopathy. See Disseminated intravascular 

coagulation (DIG) 

Contact dermatitis, 4Gt, 43, 60 

Contraception, 1669-1671, 1670t, 1674f 1675 

Contractility, cardiac, 915 r 937 
Contrast agents, for angiography, 1145 
Convulsions. See Seizures 
Convulsive syncope, 26 

Coombs' test, in immune-mediated hemolytic anemia, 1899-1900 

Coonhound paralysis* 155, 243, 894 

Copper 

deficiency of 559 
and anemia, 2917 
and bone disease, 1988 
toxicity of and hemolytic anemia, 1906 

Copper-associated hepatitis, 1443, 1469 

in 8edlington terriers, 2 l4t, 265t, 268, 1436, 1446 
breed distribution, 1422, 1443b 
dietary management of 268, 577, 1440 
treatment of 1437-1438, 1441 
Cor pulmonale, 1284-1285 
Cor triatriatum, 1012-1013, 1012f 
Coral snake bites, 243, 246-247 

Cordybbia anthropophaga myiasis, 701 

Con's disease, 905 

Cornea 


disorders of acute vision loss and, 96b 
healing of in diabetes mellitus, 93 

systemic disease and, 93 
Corona vims infection 

canine, 609t, 647-648, 1355-1356 

feline, 663, 668t, 1356. See also Infectious peritonitis, feline (FIPJ 
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Coronoid process, medial, fragmented, 365-367, 369f 
Corpora lutea, 1644, 1654, 1657, 1700-1701 
Corticoid-responsive tremor syndrome, 157 
Corticosteroids. See Glucocorticoids; M in era locorti co ids 

Cortieotrop in-releasing hormone, in glucocorticoid production, 1613 
CortisoL See Hydrocortisone 

Cortisol/creatinine ratio, in urine, 1599, 1599f 1602, 1611 
Cortisone, potency of, 505t 

Cough, 189-192, 190b, 19 If 

chylothorax and, 1281 
in heart failure, 933 

in mitral insufficiency, 1025, 1031-1032 

o ver-th e coun ter drugs for, 510 
treatment of, 191, 192t 

Coumadin. See Warfarin [Coumadin) 

Counter-conditioning, 183 

Cowpox infection, 668t, 670 

COX inhibitors. See Cyclooxygenase inhibitors 

Coxiella burnetii infection, 704 

Cranial nerves 

anatomy of, 812-814, 813f 890t 
disorders of 17 M 76, 171 -17 5£ 
in brain disease, 812-814 
in hypothyroidism, 900, 1537 
otitis intern a and, 1183-1184 
and ptyalism, 126 

evaluation of 6-7, 808-814, 89Gt 

idiopathic neuropathy of, 900 

in swallowing reflex, 126 
Creatine kinase 

in cardi ovascular disease, 941-942, 9411 
in diagnosis of myopathy, 902 

Creatinine 

in acute renal failure, 1740 

clearance of, in glomerular function testing, 1718-1719, 17l9t 
in staging of renal disease, 1758 
Crenosoma vuIpis infestation, 1256 
Cresol, and ptyalism, 124 
Cretinism, 1537, 1538, 1538f 
Cricopharyngeal achalasia, 128, 131b, 1201 

Cricopharyngeal dysphagia, 128, I29f 131b, 1299, 130]f 
Critical care 

acid-base disorders, 396-400, 397-399f 
acute abdomen, 401 -404, 402t 
anaphylaxis, systemic, 458-460, 458b, 459b 

brain inj ury, traumatic, 409-412 
cardiac emergencies, 404-406 
cardiopulmonary resuscitation, 407-409, 408t 
diabetic ketoacidosis, 424-427 
Quid therapy. See Fluid therapy 

gastrointestinal emergencies, 428-433 
gynecologic emergencies, 450-452, 450t 
heatstroke, 437-440, 439f 
hepatic emergencies, 440-442 

hyperglycemic hyperosmolar syndrome, 427-428 

hypoxemia, 401 

pulmonary emergencies, 443-446, 444f 445f 

renal emergencies, 447-449, 448f 

sepsis, 452-454 

shock, 455-457, 456f 

splenic emergencies, 440-442 

thoracic trauma, 461-463 

transfusion of blood products, 464-468, 464t, 465t 
traumatic emergencies, 433-437, 435f 436f 

Cromolyn sodium, for bronchopulmonary disease, 392 
Cruciate ligament, cranial, tears of 367, 370f 
Crusts, on skin, 55-60, 56-58t, 59f 
in autoimmune disease, 1882, 1884b 
Cryoprecipitate, for coagulopathy, 4641, 466 


Cryptococcosis, 682-685, 683f 684f 

antigen tests for, 603 

of central nervous system, 840, 850-853 
of lungs, 1252 
and rhinitis, 1192 
skin lesions in, 31, 60, 62 
Cryptorchidism, 1694-1695, 1704 
Cryptosporidiosis, 638-639, 640t 
and acute diarrhea, 1359-1360 
zoonotic, 703 

Crypts, small intestinal, 1333, !334f 
Crystalloid solutions 

in fluid therapy, 4 15, 419, 4 24 
types of 414-415,416-417t 

Crystal] uria 

renal tubular disorders and, 1825-1826 

in urinalysis, 1726-1727, 1727f 

and urine color, 112t, 114 
an d u rol ith fo rma tion, 1853 
CSR See Cerebrospinal fluid (CSF) 

CT. See Computed tomography (CT) 

Culture 

of blood, in infective endocarditis, 1038 

in derm atomy cosis, 41, 55 

in diagnosis of infectious disease, 297 

in osteomyelitis, 1969-1970 

in urin ary tract disorders, feline, 1833 

of urine, 1727*1728, 1728t, 1804-1805, 1805t 

Curietherapy, 725 
Cushing response, 410 

Cushing's syndrome. See Hyperadrenocorticism 
Cutaneous mucinosis, 44, 801-802, 1537, 1543 

C uterebra infestation, 69 

and encephalopathy, 830, 1152 
tracheal migration of 1222 
Cyanogenic glycosides, in toxicosis, 253 
Cyanosis, 219-222, 220b, 221 f 

arterial blood gas patterns in, 220, 2221 

in congenital heart disorders, 982-984, 1013-1018 
Cycad palm, toxicity of 244, 252 
Cydizine, as antiemetic, 510 
Cyclooxygenase inhibitors. See also Nonsteroidal 

anti-inflammatory drugs [NSAIDS) 
for colonic neoplasia, 1400 
and gastrointestinal ulceration, 1316 
nephrotoxicity of 1732 

for pain, 23, 518-521 
and thrombocytopathia, 292 
Cyclophosphamide 

adverse effects of 711, 71 It, 717 
and bone marrow supression, 1914 
in chemotherapy 718t 
dosage of, in renal failure, 1 776t 
for eosinophilic granulomatosis, 1130 
for feline infectious peritonitis, 666 
and hemorrhagic cystitis, 717, 1872 
for immune-media ted arthritis, 1964 

for immune-mediated hemolytic anemia, 1901 
for lymphoma, 736, 737 

for multiple myeloma, 745-746 

for proliferative urethritis, 1870 
for soft tissue sarcoma, 757 
Cyclosporine 

adverse e Sects of, 4 7 3 

for feline bronchial disease, 1237 

for histiocytosis, 782 

for immune-mediated hemolytic anemia, 1901 
for immunosuppression, in kidney transplantation, 

1753, 1754 
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Cyclosporine (Continued) 

for inflammatory bowel disease, 1370, 1396 
for perianal fistula, 1417 
Cylindruria, 1724-1726, 1725-1726f 

in acute renal failure, 1741 
in glomerulopathy, 1788 

Cy pro h ep tadine 

adverse effects of, 121b 
for anorexia, 118, 757 
for feline bronchial disease, 1237 
Cystatin C, in glomerular function testing, 1718, I719t 
Cystic calculus. See Urolithiasis 
Cystic endometrial hyperplasia 
and infertility, 1684 

luteinized ovarian cysts and, 1653, 1653f 

and pyometra, 1676-1680, 1677t, 1678f 1678t 

in queen, 1704 

Cystic-bulb us lung disease, 1258-1259, 1282-1283 
Cystine crystaliuria, 1727, I727f 
Cystine urolithiasis, 584t, 1825 
in cats, 5 849 

in dogs, 185St, 1867-1868 

Cystinuria, 265t, 1825 
Cystitis 

bacterial, 1850 

in dogs, 1871-1872, 187 If 1872f See also Urinary tract, 

infection of 
feline idiopathic 

diagnosis of 18334837, 1834f 1835-1836b 
dietary management of, 584t, 586, 1839, 1840b 

early neutering and, 1669 
epidemiology of 1829-1830 
pathophysiology of 1830-1833, 1830-1833f 

treatment of 


Cytokines (Continued) 
in shock, 213t 

in small intestinal immune system, 1338 

in weakness, 29 
Cytology. See also Biopsy 

of abdominal organ aspirates, 303-304, 304f 305f 

collection and preparation of 302 

in crusting dermatoses, 55 

of gastrointestinal tract, 377 

of joint fluid, B6f, 87, 87f 276 

of nasal cavity, 229 

in otitis externa, 1172 

in peritoneal lavage, 271 

in prostatic disease, 1814-1815, 1814f 

in pruritic dermatitis, 40-41 

rectal, in intestinal disorders, 377, 1348, 1386 

in respiratory disease, 1214, 1218-1219 

of skin masses, 46, 305-307 

of thoracic organ aspirates, 302-303, 303f 

vaginal. See Vaginal cytology 
Cytosine arabinoside, for lymphoid leukemia, 741 


Dacarbazine, in chemotherapy, 71 St 

Dactinomycin, in chemotherapy, 718, 719t 

Dalmatian 

chronic hepatitis in, 1446 
dilated cardiomyopathy in, 1078-1079 
urate crystalluria/uro!ithiasis in, 1726, 1726f 1825-1826, 1865 
Dalteparin, for thromboembolism, 1288 
Danazol, for immune-mediated hemolytic anemia, 1901 
Dancing Doberman disease, 828, 899 
Dantrolene, for micturition disorders, 108t, 109 
Dapsone, for recluse spider bites, 248 

Day lily, toxicity of 244, 253 

D-dimer test, 1937 

Deafness, 1184-1186, 1185b 

Decoquinate, for protozoal infection, 640t 
Defecation 

disorders of, 144-147, 145-146f 
as inappropriate behavior, 586, 187 

physiology of 144, 1409-1410, 1410f 
spinal cord disorders and, 844 
Deferoxamine; for iron toxicity, 261 
Defibrillation, electrical, for cardiopulmonary 

resuscitation, 408 
Deglutition. See Swallowing 
Dehydration 

estimation of 424t 

management of in chronic renal failure, 1778 
th erapy of 418b, 419, 423. See also Fluid therapy 

Demodicosis, 66-67, 69t 

alopecia in, 351 

in cats, 33, 4It, 66 

crusts and scales in, 55, 56t 

diagnosis of 55, 66, 69t, 389 
in dogs, 33, 40t, 66 

erosions and ulcers in, 50 
hyperpigmentation in, 62 
and otitis externa, 1173 

pruritus in, 38, 40 

Demyelating neuropathy, 894 

Dendritic cells, 779-780, 1338 

Denervating disease, distal, 898 
Dental disease 

and dysphagia, 531b 
and epistaxis, 228b 


environmental changes, 1837-1839, 1838b 
pharmacologic, 1840-1843, 1841-1842t 
with pheromones, 1839-1840, 1840t 
feline interstitial, 1828-1829, 1830-1833, 1830-1833f 

hemorrhagic, in chemotherapy, 717, 1872 
viral, 1850 

Cystocentesis, 299-300, 299f 1844 
C ystoisospora infection, 638-639, 640t 
Cystometrographic studies, in incontinence, 106, 5876 
Cystorelin, 1655t 
Cystoscopy, 301-302, 3Q2f 
in dogs, 1851, 1851b, 1851f 
in feline cystitis, 1829f 1837, 1837f 

in micturition disorders, 111 
Cystotomy, 1856 
Cysts 


*. 


of bone, 1982-1983, 1983f 
dermal, 43, 44, 46, 877 
hepatic, 1434 

intra-arachnoid cysts, of spinal cord, 879-881 
intraperic ardi al, 1107 
mediastinal, 5268-1269, 1269f 

ovarian, 1651-1653, 1652f 1681, 1682 
prostatic, 1694, 1819, 18l9f 
pulmonary, 1258-1259, 1282-1283 
salivary, 1198-1199 - 

Cytauxzoonosis, 64 Ot, 643-644, 1904 
Cytokine gene, in gene therapy, 542 
Cytokines 

in anaphylaxis, 459, 459b 
in cachexia, 78, 579-580 

in disseminated intravascular coagulation, 1148 
in fever, 10-11, 1 It 

in heart failure, 930-932, 93It 
omega 3 fatty acids and, 580, 581 
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Dental disease (Continued) 
neoplasms and, 1291, 1293 
and sneezing/nasal discharge, 208b 
Depigmentation, See Hypopigmentation 
L-Deprenyl, for hyperadrenocorticism, 1608 
Deracoxib, for pain, 519t, 520 
Dermacentor ticks 

as cyta uxzoon osis vector, 643 

identification, 69t 
life cycle of, 68 
as rickettsial vector, 631 
and tick paralysis, 248, 893 

Dermatitis. See also Allergic dermatitis; specific disorders 
intestinal parasitism and, 40t, 41,69-70 
perivulvar, and vaginal discharge, 99t 
pruritic. See Pruritus 
scales and crusts in, 56-58t 
as sign of systemic disease, 31-33, 50 
skin masses in, 44 
Dermatomyositis, 904 
hypopigmentation in, 60 

and megaesophagus, 1305t 

skin lesions in, 32, 50, 57t 
Dermatop hytosis 
alopecia in, 35t 
granulomas and, 44 
hyperpigmentation in, 62 

pru ritus in, 41, 411 
scales and crusts in, 55, 56t 
Dermatoses. See Skin disorders; specific disorders 

Dermoid cyst/sinus, 877 

Deroxicab, for analgesia, in bone neoplasia, 763t 
Desmopressin 

for diabetes insipidus, 1505, 1506 
for thrombocytopathia, 1928 
for uremic thrombocytopathia, 1 766 
Desoxycorticosterone 

for hypoadrenocorticism, 1620, 1621 

for minerslocorticoid replacement, 1604 

potency of 162It 

Detergents, toxicosis, and oral lesions, 243 
Detrusor muscle, in micturition disorders, 109, 1873 
Devil h $ ivy, toxicity of, 251 

Devon Rex cat, myopathy of, 9071, 908-909, 908f 

Dewormers, equine, and acute blindness, 243 
Dexamethasone 

for adrenocorticoid replacement, in adrenal tumor 

surgery, 1603 
for anaphylaxis, 460 

effect of, on liver enzyme levels, 1424t, 1425, 1470-1471 

for heartworm disease, feline, 1142 

for hypercalcemia, 1520, 152It 

for hypoadrenocorticism, 506, ] 620 

for hypoglycemia, in insulinoma, 1562 

for immune-mediated hemolytic anemia, 1900 

for immunosuppression, 507 

for inflammatory bowel disease, 1396 

for microfilaremic adverse reactions, 1126, 1128, 

1129 

potency of 505t, 162It 
for pregnancy termination, 1670t, 1675 
Dexamethasone supression test, 1600-1602, 160If 1611 
Dextran 70 
for edema, 72 
in fluid therapy, 415, 416t 

for acute abdomen, 403 
for acute renal Failure, 1744 
and thrombocytopathia, 292 
Dextromethorphan, for cough, I92t, 510, I220t 


Dextrose 

in fluid therapy, 414, 416t 
for hypoglycemia 

in hypoadrenocorticism, 1620 
in insulinoma, 1562 

with insulin, for hyperkalemia, 449, 1746, 1746t 
for insulin overdosage, 800 
in parenteral nutrition, 588 
Diabetes insipidus, 1502-1507, 1506f 
central, 105, 1503-1507 
clinical signs of 1504 
differential diagnosis of 1504-1505 

nephrogenic, 105, 1504, 1507, 1828 

neurologic dysfunction in, 800 
pathogenesis of 1503-1504 
and polyuria/polydipsia, 105 

treatment of, 1505-1507 
Diabetes mellitus, 1563-1591 
and acromegaly, 1499 
cataracts in, 94, 1590 

classification and etiology of 1563-1567, 1564b, 1565t 
clinical signs of 1569-1570 
and coma, 425 

and corneal healing, 93 

diagnosis of, 1570-1571, 1571b 

dietary management of 577-578, 1577-1578 

glucosamine and, 517 

with hyperadrenocorticism, 1595, 1610 

hyperlipidemia in, 593 
and hypertension, 473 

hyperthyroidism with, 1549 
with ketoacidosis, 424-427, 1568-1569 
and hemolysis, 1906 

hyperglycemic hyperosmolar syndrome in, 424, 

427-428, 799b, 800 
treatment of 157M575, 1572b 

and neurologic dysfunction, 800, 891, 1591 

and oral ulcers, 50 

and pancreatic exocrine insufficiency, 1495 
pathophysiology of 1567-1569 

and polyphagia, 120, 121b 
in pregnancy, 1657 
prognosis for, 1591 
skin changes in, 33 

transient, in cats, 1566, 1568f 
treatment of 

complications of 1575b, 1585-1591 
with ketoacidosis, 157M575, 1572b 
monitoring of 1579-1585 

by ear vein sampling, 308-310, 309f 31 Of I584f 
by urine sampling, 1582 
in nonketotic patient, 1575-1579 

Diabetic dermatopathy. See Hepatocutaneous syndrome 

Diabetic neuropathy, 800, 891 
Dialysis 

for toxicosis, 352, 1750-1751, 1751F 

for hypercalcemia, 152It, 1522 

for hyperka] emia, 1746, 1746t 

for uremia, 352-353, 449, 1750-1751, 1750b 

Diaphragm 

anatomy of 1272 
development of 1105, 1105f 
displacement of 1272 
hernia of 

pericardioperitoneal, 1105-1107, 1106f 1107f 1273 
traumatic, 462, 1272-1273, 1273f 

Diarrhea, 138-141, 139f 

acute, 137, 1353-1354, 1353t 
treatment of 1353-1354 
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Diarrhea (Continued) 

antibiotic-responsive, 1360-1361, 1364-1367 

chronic, 137-140, 138£ See also specific chrank enteropathies, 

e.g, t Inflammatory bowel disease 
chronic idiopathic large bowel, 1406 
classification of 1343-1344, 1343b 

as complication of enteral feeding, 336 

dietary fat and, 572 

di etary m anagemenr o( 571-573 

differential diagnosis of, 4311, 1332, 1344b 
food intolerance and, 568 
in hepatobiliary disease, I423t 

in hyperthyroidism, 1546 

large bowel, differential diagnosis of, 13 S4f 

mechanisms of, 1343-1344, I343f 

over-the counter drugs for, 510 
protozoal infection and, 638, 1359-1360 

in small intestinal disorders, 139-140, 1343-1344, 1343b, 1344b 

small intestinal motility and, 1340-1341 

uremia and, 1765 

viral infection and, 646, 647, 1354-1356 
Diazepam 

constant rate infusion of, 54St 
for feline idiopathic cystitis* 1843 
and hepatic necrosis in cats, 170b, 1467 
for micturition disorders, I08t, 109 
for sedation, in peritoneal lavage, 269 
for seizures, 167-168b, 170b 
Diazoxide, for insulinoma, 1562 
D1C. See Disseminated intravascular coagulation (DIG) 
Diehlorophen, for intestinal parasitism, 1359t 
2,4-Dichloropbenoxyacetic acid [2,4-D), toxicity of, 243, 260 
Didoxacillin, dosage of, in renal failure, 1776t 
Dicyclomine, for urinary incontinence, 1873 
Dieffenbachia , toxicity of, 251 
Diestrus, 1640, 1650 

prolonged, in bitch, 1653 

in queen, 1698 
Diet, See also specific nutrients 
for adult pets, 555-560, 558t 

adverse reactions to, 140, 566-570, 567f 569f 1362-1364 
allergens in, 567, 571-572, 1364 
gluten, 568, 572, 1364 
allergy to, 566-570, 567f 569f 1362 
and anaphylaxis, 458b, 566, 568 
and chronic gastritis, 1323, 1325 

classification of, 567f 

and dermatitis, Stfe Allergic dermatitis, food in 

elimination diets for, 568-570, 569£ 1363-1364 
and enteritis, 1341-1342, 1361-1364, 1361b, 1363b 

and gastrointestinal signs, 140, 568, 570 
in inflammatory bowel disease, 1395 
antioxidants in, 523 
assessment of 554-555, 554b 
and body odors, 89b 
changing, of cats, 1848b 
and colonic microbial flora, 1382 
deficiencies of 557f. See also specific dieta ry components 

and cardiomyopathy, 550, 559, 1083, 1087 
and neurologic disorders, 154, 800, 836b 
and weakness, 30 

elimination, for adverse reactions, 568-570, 569£ 1363-1364 

energy needs in, 556-557, 587, 596 

in flatulence, 148 

in hypertension, 473, 477 

intolerance to, 1362-1363 

in lactation, 556, 557 

for neonates, 561-562 

nutritional requirements in, 558-560, 558t 


Diet (Continued) 

overfeeding of and skeletal disorders, 1988-1989 
palatability of, 5 56 
in pregnancy, 556, 557 
and ptyalism, 123 

in skeletal disorders, 561, 563-566, 1984-1986, 1987f, 

1988-1989,1989f 


toxins in, 567 

and vomiting, 133b, 134 

Diet, in management of 1395f 

cachexia, 79, 580-581 
cardiomyopathy, 580, 582, 1078, 1087 

cognitive dysfunction, 182 

diabetes meliitus, 577-578, 1577-1578 

diarrhea, acute, 1353 

endocrine disease, 577-578 

enteropathies, chronic idiopathic, 1360, 1395 

flatulence, 148-149 

food intolerance/allergy, 41,43, 568-570, 1363-1364 

gastrointestinal tract disorders, 140, 570-573 

glomerulonephritis, 1798 

heart disease, 579-583 

hepatic disease, 574-577, 1440 

hepatic encephalopathy, 575, 576, 1439, 1463-1464 

hepatic lipidosis, 575-576, 1472-1473 

hepatocutaneous syndrome, 75 
hyperlipidemia, 578 

inflammatory bowel disease, 1370 
insulinoma, 578 
obesity, 76, 77-78 
osteoarthritis, 565 

pancreatic exocrine insufficiency, 1494 
protein-losing nephropathy, 5841, 585 
renal failure 


acute, 585, 1749 

chronic, 584-585, 584t, 1774-1775, 1777 
urinary tract disease, feline idiopathic, 584t, 585, 1839, 1840b 
urolithiasis, 584t, 585-586, 1847t 
cystine, 1825, 1867 
oxalate, 1846t, 1849, 1860-1861 
struvite, 1845, 1846t, 1863 
urate, 1826, 1866 
Dietary supplements, 515-517, 583 
Diethylcarbamazine, 1125, 1447 
Di ethy Istilbestrol 

for mism atmg, 1672 
for urinary incontinence, 1873 
and vagina] bleeding, 1652 
Digestion 

in small intestine, 1333 
in stomach, 1311 
Digitalis glycosides 

for arrhythmia, 1056t, 1074-1075 
for congestive heart failure, 959-961 
toxicity of 960-961, 1075 

Digitoxin, use of in renal failure, 960 
Digits 


anomalies of 1971-1972, 197If 1972f 

osteosarcoma of 765 
Digoxin 

adverse reactions in cats, 532t 

for arrhythmia, 1032, 1034, 1056t, 1074-1075 

for cardiomyopathy, feline, 1087 

for cats, dosage of 960 

cellular effects of 959f 

for congestive heart failure, 405, 960, 1131 

dosage of, in renal failure, 1776t 

for mitral insufficiency, 103 2 

toxicity of 245, 251 
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Dihydrotac hysterol, for hypoparathyroidism, 1534 f 1534t 
l, 2 5 - D ihydroxyvi tami n D, for hypoparathyroidism, 1534 
Diltiazem 

for arrhythmia, 1034, 1056t, 1074 
for cardiomyopathy, feline, 1093, 1095 
for cardiopulmonary resuscitation, 4Q8t 
constant rate infusion of, 545t 

for heartworm disease, with congestive heart failure, 1131-1132 
Dimenhydrinate, as anti emetic, 510 
Dimeselamine, for inflammatory bowel disease, 1396 
Dimethyl sulfoxide (DMSO), for renal amyloidosis, 1795 
Diminazene, for protozoal infection, 640t 
Dinoprost tromethamine, for pregnancy termination, 1673 
Dioctyl sodium sulfosucdnate (DSS) 
for constipation, 1404, 1404t, 1405 
for otitis externa, 1177t 

Dipeialonema reconditum t differentiation from Dirofilaria immitis, 

1121 , 1 1211 

Diphenhydramine (Benadryl) 
for anaphylaxis, 460 

in microfilaremic adverse reactions, 1126, 1128, 1129 
for pruritus, 510 

Dipylidium caninum infestation, 1358-1359, 1359t 
Dipyridamole, for thromboembolism, 1150 
Dipyrone, for fever, 13,521 
Diwfilaria mitts. See also Heartworm disease 
aberrant migration of, 881, 898, 1134, 1137 
antigen tests for, 603 

differentiation from Dipeialonema reconditum , 1121, 11211 

life cycle of, 1118-1119, 1119f p 1137 

surgical removal of, 1128, 1128f, 1134, 1142 
Discoid lupus erythematosus, 55, 57t, 60 
DiscospondylMs, 365, 858-860, 859f, 860f 
Disk, intervertebral, disease of. See Intervertebral disk disease 
Disseminated intravascular coagulation (DIC), 1148, 1936-1937 
in ca val syn drome, 1132 

vs. coagulopathy of hepatic failure, 1426 
in heatstroke, 437, 440 

in immune-mediated hemolytic anemia, 1901 
plasma component transfusion for, 466, 467t 

Distemper, canine, 649-650 

central nervous system involvement, 603, 649, 839, 860-861 
and infertility, 1685 

and neonatal mortality, 1711 

and respiratory disease, 1251 
and rhinitis, 1191, 1191 f 

skin changes in, 31 
vaccination for, 60St, 650 
Di uretics 

for acute renal failure, 447, 1744-1745 

for ascites in hepatic failure, 1438 
for cerebral edema, 162 

for congestive heart failure, 954-955, 967, 1131 
for hypercalcemia, 1520, 152It 
for hypertension, 477-478 
for mitral insufficiency, 1032 

Diverticula 

esophageal, 1307 
vesicourachal, 1874 

DMSO. See Dimethyl sulfoxide [DMSO) 

Doberman pinscher 

chronic hepatitis in, 1441, 1445 
copper storage disease in, 577 
dancing disease in, 828, 899 
defective neutrophil function in, 1942 
dilated cardiomyopathy in, 1079 
head tremors in, 158 
inherited renal disease in, 182It, 1822 

tachyarrhythmia in, 26 


Dobutamine 

for cardiomyopathy, feline, 1086 
for cardiopulmonary resuscitation, 408t 

for congestive heart failure, 405, 952-953 
constant rate infusion of, 546t 
for heart failure, 72 
for mitral insufficiency, 1033 
Docusate, for constipation, 511 
Dolasetron, for vomiting, in acute renal failure, 1748t 
Doll's eye reflex, 810 
Dominance aggression, in dogs, 184 
Domperidone, for anorexia, 118 
Donors, for kidney transplantation, 1752-1753 
Dopamine 

for acute renal failure, 447, 1745 

for anaphylaxiSy 460 

for cardiomyopathy, feline, 1086 

for cardiopulmonary resuscitation, 408t 
for congestive heart failure, 953 
constant rate infusion of, 546t 
contraindications for, with metoclopramide, 449 
for hypotension, 482 
for hypovolemic shock, 419 
Doppler echocardiography 

in cardiac tamponade, 1111-1112 
color flow, 319 

in congenital heart disease, 975-976. See also specific disorders 

continuous wave, 319 

in mitral insufficiency, 1029-1030 

pulsed vrave, 315, 318-319, 3l8f 

spectral, 315,319f; 326t 
Doppler sphygmomanometry, 284-285, 285f 
Doramectin, for ascariasis, 67 
Doxapram, for laryngoscopy, 1198 
Doxorubicin (DQX) 

adverse reactions in cats, 5321 

c ardiotoxicity of, 713, 765 
in chemotherapy, 7 l8 r 719t 
for lymphoma, 736 

for mesothelioma, pericardial, 1115 
for osteosarcoma, 765, 765t 
for renal lymphoma, 784 
side effects of, 711, 71 It, 712, 717 

for soft tissue sarcoma, 757 
Doxycycline 

for an apl asmosis, 635 

for bartonellosis, 637 

for bonreliosis, 621 

for brucellosis, 627 

dosage of, in renal failure, 1776t 

for ehrlichiosis, 634 
for encephalitis, 829 

for infectious tracheobronchitis, 1203, 1220 

for leptospirosis, 449, 618 

for meningitis, 838 

for memngomyelitis, 853 

for mycoplasmosis, 656, 1903 

for pneumonia, 1250t 
for Rocky Mountain spotted fever, 632 
Droperidol, and head tremors, 828 
Drotrecogin alfa, 454 

D rugs. See also specific drugs and drug classes 
administration of 

compounding of, 512-514, 513b, 514b 
constant rate infusions of, 544-550, 545t-549t 
dosage adjustment o£ in renal failure, 53Ot, 1775-1776, 1776t 
dose-response relationship in, 492 

dosing regimens for, 495f 497-498, 500-501 
interactions of, pharmaceutical, 544 
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Drugs (Continued) 

oral methods for, 583b 

over-the counter, 509-511 
pharmacokinetics in, 492-497, 493f 495f 
therapeutic range in, 498 
transderm a 1 delivery of 513-514 

adverse reactions to, 527-532, 528-529fi 530t 
augmented type, 527, 531 
in cats, 53It, 532t 
classification of, 527 
identification of, 527, 530-531 
idiosyncratic reactions, 527, 531-532 
interactions with herbal remedies, 526 
and anemia, hemolytic, 1897b, 1905b 
and anorexia, 117, 119f 
and arthritis, 84, 1963 

and bone marrow supression, 1913-1914 
and coughing, 190 
and epistaxis, 226 

and hepatotoxicity, 1447, 1465-1469, 1466t 
and hypertension, 473, 479 

and hypokalemia, 239 

and keratoconjunctivitis sicca, 93 

and melena, 142b 

and methemoglobinemia, 219, 244 

and nephrotoxicity, 673, 1733-1734, 1733b 

and ototoxicity, 1183, 1183t 

and pancreatitis, 1484, 1489 
and polyphagia, 120, 121b, 123 

and pruritus, 39,40t, 4 It 

and ptyalism, 124 

and purpura, 232 
and seizures, 169b 

and systemic lupus erythematosus, 1952-1953, 1953b 

and thrombocytopenia, 226, 228b, 232, 1923, 1926t 

and thyroid hormone suppression, 1539 

and urolithiasis, 1869 

and vasculitides, 1963 

and vestibular disorder, 900 

and vomiting, 133, 133b 

and weakness, 30 

DSS. See Dioctyl sodium sulfosuctinate (DSS) 

Ductus arteriosus, patent. See Patent ductus arteriosus 

Dumbcane, toxidty of 245, 251 
Duodenum 


Dyspnea, 192-195, 194-195f 

emergency treatment of 450-451, 450t 
in heart failure, 933 
in hyperthyroidism, 1547 
metered dose inhalers for, 393 
nasal cavity tumors and, 1194 
pleural effusion and, 1276 
pneumothorax and, 1283 

Dystocia, 1658-1664 

clinical assessment of, 1659 

fetal causes, 1662f, 1663-1664 

maternal causes, 1660-1663, 1660t, 166If 

in queen, 1706 

Dystonia, 827-828 

Dystrophin muscular dystrophy, 265t, 904-905 

Dystrophin-deficient myopathy in cats, 906-908, 9071, 908f 

Dysuria, 109 


Ear See also Deafness 

anatomy and physiology of, 1171-1172, 1180 

cleaning of, 307-308, 1 ] 74-1176, 1175t 

examination of 7, 1168, 1172, 1181 

external, disorders of See Otitis externa 

foreign bodies of, 117 3 

internal, disorders of 1183 

middle, disorders of. See Otitis media 

mite infestation of, 4 It, 67, 69t, 1169-1170, 1173, 11 78 

neoplasms of 44, 50, 724t, 1171, 1179 

odors from, 91 


pmna 


disorders of, 1168-1171,1169t 

marginal dermatosis of 58t 
tick infestation of 68, 1171 
toxicity to, 1183, 1183t, 1185 

Ear canal ablation, 1182-1183 
Easter lily, toxidty of 244, 253 

Ecchymoses, 232-235, 233-234f, 192If 
ECG, See Electrocardiography (ECG) 

Echinacea, toxidty of, 526b 

Echinococcus granulosis infestation, 703, 1358-1359, 1359t 
E chocardiography, 311-325 

in cardiac function evaluation, 319-324 

chamber dilatation, 319-320, 320f 32If 322f 
diastolic function, 324, 936b, 937-938 
qection phase indices, 320-321 
heart size, 319-320 

hemodynamic parameters, 324, 936-937, 936b 
left ventricular volumes, 320, 322f 

systolic function, 936-937, 936b 
systoli c time intervals, 321,323, 326t 
in cardiac neoplasia, 111 2f 1113, 1113f 
in cardiomyopathy 

canine, 1078, 1078f, 1080 

feline, 1085, 1085f 1087f 1088f 1092, 1097f 

in congenital heart disease, 975-976. See also 

specific disorders 
in congestive heart failure, 935 
with contrast, 319 
Doppler 

in cardiac tamponade, 1111-1132 
color flow, 319 
continuous wave, 319 

in mitral insufficiency, 1029-1030 
pulsed wave, 315, 318-319, 318f 
spectral, 315, 319f,326t 

equipment for, 311 




endoscopy of 3 7 5 

juice from, examination in bacterial overgrowth, 

1352-1353, 1365-1366 


ulcers of 794 

Dura mater, ossification of 861 

Dwarfism, 1973-1976, 1973t, 1974b 
pituitary, 1500-1502, 1501f 1502f 1976 

Dysautonomia, 841, 899 

and dysuria, 109 

and megacolon, 1402 

and megaesophagus, 1304, 1305t 

Dyschezia, 144, 145-147, 346f 

in rectoanal disease, 1410-1411, 14 lib 
Dyschondroplasia. See Osteochondromatosis 
Dysgerminomas, 788 

Dyskinesia, 156, 806, 827-829 
Dysmetria, 812, 812f 
Dysphagia, 128, 129f 131b 
assessment of 1197 
cranial neuropathies and, 174f 176 
cricopharyngeal, 128, 129f 13 lb, 1299, 13Glf 
in esophageal disorders, 1298-1299, 1299t, 1300f 

oropharyngeal, 131b, 1201 
and ptyalism, 124, 126 
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Echocardiography (Continued) 

in heartworm disease, 1124, 1124f, 1133, 1133f 

feline, 1139, 1142f 
in hyperthyroidism, 1547-1548 
in infective endocarditis, 1037f ± 1038 
in mitral insufficiency, 1028-1030, 1028f 
M-mode, 313-315, 313f, 318f 
normal values, 323t, 324, 324t, 326t 
in pericardial effusion, 406, 1111-1113, 111 If 
in pericardioperitoneal hernia, 1106, 1107f 
in pericarditis, effusive-constrictive, 1116, 1117f 
positioning and technique, 311-312, 312f, 313b 
in pulmonary hypertension, 1286f 
in pulmonary thromboembolism, 1287 
report form for, 325 
three-dimensional, 319 
of thromboembolism, 1099, 1099f 
transesophageal, 319 
in tricuspid insufficiency, 1035 
two-dimensional, 312-313, 313£ 314f, 316-317£ 

Eclampsia, 1531, 1667 

emergency treatment of, 450t, 451 
and hyperthermia, 12 
in queen, 1707 

Ectop arasitism. See also specific parasitoses 
and dermatosis, 5 fit, 63-70, 69t 
and otitis externa, 1173, 1178 

and pruritus, 38-39,40t, 4It, 64 
and skin masses, 44 

systemic disease and, 33 

Ectrod acty ly, 1972 

Edema, 70-72 

cerebral, 161, 162, 411 
facioconjunctivaL See Angioedema 
in glomerulopathy, 1798 
lymphatic, 1146b, 1162-1165, 1163-1165f 

mediastinal, 1268 

of optic nerve, 94 

pathophysiology of, 39, 70-71,7 If] 711 

pulmonary. See Pulmonary edema 
of scrotum, in rickettsial infections, 632, 633 
Edrophonium chloride, in diagnosis of myasthenia gravis, 895-896 
Edrophonium, for arrhythmia, 1075 
EDTA. See Ethylenediaminetetraacetic acid (EDTA) 

EEG. See Electroencephalography (EEG) 

Effusions 

abdominal, 150-153, 152 1 See also Ascites 
analysis of, 151453, 152f 206-207 
classification of, 150, 152f] 205f, 1278-1279 
eosinophilic, 3279 
in feline infectious peritonitis, 663 

pleural, 204-207, 205f, 1275-1282. See also Pleural effusion 
Ehrlichiosis, 631,632-634 
and anemia, 1915 
in cats, 635 

of central nervous system, 851-853 
coinfection in, 635-636 
neurologic dysfunction in, 633, 840 
respiratory disease and, 1251 

skin lesions in, 31 

Eisenmenger's syndrome, 989, 1013, 1284, 3285 
Ejaculation, disorders of, 1693 
Electrical alternans, 1048, 1048f 
in pericardial effusion, 1110, 11 lOf 

Electrocardiography (ECG), 326-327, 1040-1051 
ambulatory, 1050-1053,1OSOf 
in cardiomyopathy, 1077, 1080, 1080f 
in caval syndrome, 1133 

in congenita] heart disease, 974-975. See also specific disorders 


Electrocardiography (Continued) 
in congestive heart failure, 935 
electrode placement in, 326t, 327t 
in heartworm disease, 1122 
in hypercalcemia, 1516 
in hyperthyroidism, 1548 
in hypoadrenocorticism, 1618, 16l8f 
in hypocalcemia, 1530 

lead systems for, 326-327, 1041-1045, 1043£ 1045f 
mean electrical axis in, 1043-1044, 1044f 

in mitral insufficiency, 1026, 1026f 
norm al cri teria for, 104Qb F 1041b 

normal tracings, 1046-1049, 1046f 
in pericardial effusion, 1110-1111, 111 Of 

in pericardioperitoneal hemU, 1106 

principles of, 1040-1046 
in pulmonary hypertension, 1285 

technique for, 326-327, 1049 
in tricuspid insufficiency, 1035 
Electroencephalography (EEG) 
in brain disorders, 820, 832 
in stupor/coma, 162 

Electrolyte imbalances, 236-240, 236£ See also specific electrolytes 
dial ysis for, 17 50 
in heatstroke, 438 

in hepatic lipidosis, in refeeding, 575 

and myopathy, 156 

and neurologic dysfunction, 154-155 

in renal failure, 1737, 1768, 1779-1780 
and weakness, 29, 239, 240 

El ectrolytes. See also specific electrolytes 

fractional clearance of] in tubular function evaluation, 

1721-1722 

intestinal transport of] 1336-1337, 1380-1381 
Electromechanical dissociation, 1067, 1068f 
treatment of, 407, 408 
Electromyography (EMG) 
in diagnosis of myopathy, 902 

in lumbosacral vertebral canal stenosis* 871 
in myotonia, 906, 908f 

in peripheral nerve disorders, 888 

technique for, 328 

Electrophysiology. See also specific procedures 
in diagnosis of myopathy, 902 
in spinal cord disorders, 844 
Electroretinography, in acute vision loss, 98 
Elimination behavior p rob! ems, 186, 187, 188f 
ELISA. See Enzyme-linked immunosorbent assay (ELISA) 

Ellik evacuator, for urolith removal, 1857, I857f 
Elliptocytosis deficiency, 265t 
Elmiron, for feline idiopathic cystitis, I842t, 1843 
Embolism. See also Thromboembolism 
of brain. See Cerebrovascular disease 
composition of, 1150 

cyanoacrylate, for arteriovenous fistula, 984-987 
fibrocartilaginous, of spinal cord, 869-870, 1152-1153 
percutaneous, for patent ductus arteriosus, 984-987, 987-988f 
Emergency treatment. See Critical care 
Emesis. See Vomiting 
Emetic center, 132-133, 132f 

Emetics, over-the-counter, 511 
Emphysema, subcutaneous 

in pneumomediastinum, 1268 
and tracheal trauma, 1231-1232 
Emphysematous cystitis, 1872 
Enalapril 

for cardiomyo pathy, 1080, 1093 
for congestive heart failure, 957, 962f 
for glomerulonephritis, 1797-1798 
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Enalapril (Continued) 

for hypertension, 477t, 478 

in chronic renal failure, 1781, 1784 
for mitral insufficiency, 1031, 103If 

Encephalltis, 829, 836b, 837-841. See # [so Meningoencephalitis 
b reed-associated, 829, 840-841 

distemper virus and, 603, 649 
foreign body, and polyphagia, 121b, 122 
Encephalitozoon amknfr infection, 645 

Encephalopathy, 823-826 
feline ischemic, 1152 
hepatic. See Hepatic encephalopathy 

hypertensive, 474 

ischemic, feline, 830, 1152 

metabolic, 153-15S, 798-802, 836b, 841-842 

and polyphagia, 121b 

spongiform, 823-824, 824f 
uremia and, 155,801, 1738-1739, 1765-1766 
Endocardial fibroelastosis, 1019-1020, 1020f 
Endocarditis, infective, 1036-1039, 103 7f 

vs mitral insufficiency, 1030 

and septic arthritis, 1958 

and thromboembolism, 1151 
Endocrine disorders. See also specific disorders 
and anemia, 1911-1912 
and diarrhea, 139 
dietary management of; 577-578 
and elevation of serum enzyme levels, 1424t 
and failure to grow, 80b, 82 
hyperthermia in, 12 

and myopathy, 156, 904, 910 

and neurologic dysfunction, 155, 798-800, 836b, 841-842, 891 
obesity in, 76 

in paraneoplastic syndrome, 792-794 
and regurgitation, 131, 131b 
skin changes in, 32-33, 57t, 62 

and vomiting, 133b, 134 
and weakness, 29, 30 

Endocrine neoplasia, multiple, 1559, 1633, I635t 
Endometrial hyperplasia, cystic 
and infertility, 1684 

luteinized ovarian cysts and, 1653, I653f 

and pyometra, 1676-1680, 1677t, 1678f p I678t 

Endoscopy. See also specific procedures, e+g. t Bronchoscopy, and 

specific regions of body 

for artificial insemination, 281-282, 338-341 

descriptive terminology, 376 

of esophagus, 375, 1299 

in gastrinoma, 1629 

of gastroin testin al tract, 374-377 

for gastrostomy tube placement, 333, 334-335f 
of large intestine, 375-376, 1386, 1386f, 1400 
of nasal cavity, 378-380, See also Rhinoscopy 
of respiratory tract, 383, 384f 

in small intestinal disease, 1351, 1362 
Endothelin 

in heart failure, 925*926 

as marker of cardiovascular disease, 947-948 
in shock, 213t 

Endothelin antagonists, for congestive heart failure, 970-971 
Endothelium, in hemostasis, 1147, 1918, 1929 
Endothelium-derived relaxing factor, 948 
Endotoxemia, pyometra and, 1677 
Enemas 

adverse reactions in cats, 53It 
for constipation, 1404, 14041 
phosphate, and hyperphosphatemia, 511, 1531 
Energy requirements, nutritional, 556-557, 587, 596 
English bulldogs, sleep apnea in, 3 77 


English ivy, toxicity of, 252 
Enilconazole, for fungal rhinitis, 689t, 697, 1192 
Enostosis [panosteitis}, 365, 369f 566, 1978-1979, 1979f 
Enoxaparin, for thromboembolism, 1103-1104, 1288 

Enrofloxacin 


adverse reactions in cats, 532t 

for bacterial pneumonia, 1235, 1250t 

dosage of in renal failure, 1776t 

for encephalitis, 829 

for infective endocarditis, 1039 

for mycobacteriosis, 625 

for Mycoplasma i nfection, 1903 

for otitis externa, U 77t, 1178 

for peritonitis, septic, 403 

for staphylococcal pyoderma, 521 

Entamoeba histolytica infection, 638-642, 640t, 1385t, 1387 
Enteral nutrition, 596-598, 597b, 598t 

for acute renal failure, 1749 
advantages of 587, 596 
complications of 335-336 
in hepatic lipidosis, feline, 575 
for renal failure, 585 

tube placement techniques, 329-335. See also specific types 

of feeding ruhes 

Enteric immune system, 1337-1340, 1339f 
Enteric neurons, in immune function, 1338 
Entembacter infection, antibiotics for, 499 
Enterochromaffin cells, neoplasms of See Carcinoid tumors 
Enterococcus infection, antibiotics for, 499 
Enterocytes 

dysfunction of 1341 
function of 1333, 1334f 
in immune function, 1338 
Enteroglucagon, 1625 
Enterohepatic circulation 

of bile adds, 1428, 1436, 1478 
of drugs, 496 

Enteropathy, protein-losing. See Protein-losing enteropathy 

Enuresis, 109 
Envenomation, 246-250 

Enzyme-linked immunosorbent assay [ELISA). See also 

Immunoassays 
for microalbuminuria, 116 
in pruritic dermatitis, 43 
Enzymes, in cancer therapy, 718, 720t 
Eosinophilia 

in hypereosinophilic syndrome, 1941 
neoplasia and, 791 
in parasitism, 1890 

Eosinophilic bronchopneumopathy, 1256*1257, 1257f 
Eosinophilic enteritis, 1368f 1372-1373 

Eosinophilic gastritis, 1325 

Eosinophilic granuloma complex, 44, 46, 1294-1295, 1294f 
Eosinophilic granulomatosis, 1120, 1130, 1258 
Eosinophilic panosteitis. See Pan osteitis 
Eosinophilic plaque, and pruritus, 4 I t, 46 
Eosinophilic pneumonitis, in heartworm disease, l i 20, 13 24f 

1130,1137 


Eosinophils 

disorders of J 941 
in small intestinal mucosa, 1338 
E picardi um 

effusive-constrictive pericarditis and, 1116 

structure of 1105 
Epidermoid cyst, 877 
Epididymitis, 1693 

Epidural anesthesia, technique for, 296 
Epidural lymphosarcoma, 874 
Epidurography, technique for, 296 
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Epilepsy, See Seizures 
Epinephrine 

for anaphylaxis, 460 

for cardiopulmonary resuscitation, 408, 408t 
constant rate infusion of 546t 
for feline bronchial disease. 1236 

for hypotension, 482 

Epiphyses, dysgenesis of, in congenital hypothyroidism, 1976, 1976f 
Episodic weakness, differential diagnosis of, 27 

Epistaxis, 208, 208b, 225-229, 226$ 228b 

in nasal disease, 1195-1196 
Epithelial cells, in urinalysis, 1723-1724, 1724-1725f 
Epithelioma, intracutaneous comifying, 749 
Epitheliotropic lymphoma 
hypopigmentation in, 60, 62 

skin lesions in, 50, 58t 

Epostane, for pregnancy termination, l67Gt, 1673-1674 
Epulides, 1290 

ErgocalciferoL See Vitamin D 

Ergot aid ferol, for hypoparathyroidism, 1533-1534, 1534t 
Erosions. See Ulcers 
Eructation, 148 

Erythema chronicum migrans, in Lyme disease, 31 
Erythema multiforme, 31, 57t 

Erythemic myelosis, in feline leukemia virus infection, 656 
Erythrocyte indices, 211 
Erythrocytes 
in anemia 

hemolytic, 1891 

regenerative, 1886-1888, 1887f 
aplasia of, 1913 

inherited defects of and hemolytic anemia, 1892-1896, 

1893-I894t 

laboratory evaluation of 1886-1888, 1886f 

life span of, 1890-1891 

oxidative damage to, and hemolysis, 1906 

transfusion of, 464t, 465-466, 465t, 1928t 
in urine. See Hematuria 
Erythrocytosis* See Polycythemia 
Erythromycin, for delayed gastric emptying, 1329 
Erythromycin, for staphylococcal pyoderma, 52t 
E ryth ropo i esis, ineffective, and anemia, 213t, 1911b, 1916-1917 

Erythropoietin 

adverse reactions to, 473 

for anemia 

in chronic renal failure, 1782-1783, 1910 
in feline leukemia virus infection, 656 
in bone marrow regulation, 1886 
in hypoproiiferative anemia, 1910-1911 
in polycythemia, 217 
production and function of, 216 
in reticulocyte count evaluation, 1908 
Escherichia coli infection 
antibiotics for, 499 

enteropathic strains, and diarrhea, 1357, 1385t, 1391-1392 
and pyothorax, 1280t 
Esmolol, for arrhythmia, 546t, 1056t, 1073 

Esophagitis, 1299-1302, 1301$ 1302f 1305t 

Esophagostomy tube 
feeding via, 597-598 
placement of 331-332, 332f 

Esophagus 

anatomy of, 1298 
bronchial fistula of 1238 
dilatation of See Megaesophagus 

disorders of 1299-1310 

diagnosis of 1298-1299, 1299t, 1300f 

and dysphagia, 1298-1299, 1299t, 1300f 130If 

esophagitis, 1299-1302, 130 If 1302f 1305t 


Esophagus (Continued) 

and failure to grow, 80b, 82 
gastroesophageal intussusception and, 1310 

hiatal hernia and, 1309 

and pneumomediastinum, 1268 

ptyalism in, 39, 123 

regurgitation in, 130f 131, 13lb 

Spirocerca Lupi infestation and, 701-702 
vascular ring anomalies and, 1306-1307, 1306f 
diverticula of 1307 
endoscopy of 375, 1299 
fistula of 1307 

foreign bodies of 1302*1303, 1302f 1305t 
motility of 1298, 1304-1306 
neoplasms of 1307-1309, 1308f 

obstruction of 1305t, 1308, 1309-1310 
perforation of 1303, 1309, 1309f 
stricture of, 1303-l3O4f 1303-1304, 1306 
ulceration of 255-256, 430-432 
Essential oils, toxicity of, 526b 
Estradiol 

in anestrus, 1645 

in estrous cycle, 1640-1641, 1640f 1650 
in feline estrous cycle, 1700, 1701 f 
in ovarian remnant syndrome, 1702 
in parturition, 1657 

in pyometra, 1676 

Estradiol benzoate, for pregnancy termination, 1672 
Estradiol cypionate 

for pregnancy termination, 1670t, 1672, 1675 
and vaginal bleeding, 1652 
Estriol, for urinary incontinence, 1873 
Estrogen. See also Estradiol 
elevated levels of 

and bone marrow supression, 1913-1914 
in Sertoli cell tumor, 786-787 

and thrombocytopenia, 226 

exogenous, and vaginal bleeding, 1652 
for urinary incontinence, 1872-1873 
Estrous cycle 

canine, 1640-1647, 1640f 1650 
abnormalities of 1647, 1651-1655 

initi ation of 1645-1647 
normal variations of 1650-1651 

feline, 1697-1701, 1699f 1700f 
Estrus, 1640, 1650 

induction of 1682, 1708 
prevention/suppression of 1671 

prolonged, 1647, 1651-1653, 1682, 1701 
in queen ,1703 
in queen, 1698 

silent, 1651, 1682 

split, 1647, 1651, 1682 
Ethanol 

constant rate infusion of 546t 
for ethylene glycol toxicosis, 257, 449 
for parathyroid tumor ablation, 1524 
for thyroid tumor ablation, 1558 
toxicity of 242, 257 
Ethylene glycol toxicosis, 257-258 

acute renal failure and, 244, 447-449, 1732 
diagnosis of 257, 447, 1729, 1742 

hypocalcemia in, 1531 
neurologic signs in, 242 

treatment of 257, 449, 1743, 1743t 
dialysis in, 352, 1750-1751, 1751f 

Ethylenediaminetetraacetic acid (EDTA) 
for hypercalcemia, 152It, 1522 
for lead toxicity, 260 
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Ethylenediaminetetraacetic acid (EDTA) (Continued) 
for otitis extema, ] 177t, 1178 
for zinc toxicity, 261 

Etodolac, 519t 

for analgesia, in bone neoplasia, 7631 
and keratoconjunctivitis sicca, 93 
For lameness, in systemic lupus erythematosus, 1957 
for osteoarthritis, 520-521 
Etoposide, side effects of 712 
Eurytrema procymis infestation, 1491, 1495 
Euthanasia and compassionate care, 537-538 
Evans' syndrome, 1896 
Evidence management, 486 
Excitation ^contraction coupling, 901 
Excitotoxidty, in neurologic disorders, 798, 799f 

Exercise hyperthermia, 11-12 

Exercise, in management of inflammatory bowel disease, 1396 
Exocrine pancreatic insufficiency. See Pancreatic exocrine 

insufficiency 

Expectorants, for cough, 192t 

Expectoration, 128 

Extramedullary hematopoiesis, 1950 

Extremities. See Limbs 

Exudates 

abdominal, 150-153, 152f 
thoracic, 206, 1278-1279, 1278t 

Eye. See also specific ocu lar structures 
disorders of 

in blastomycosis, 676-677 
in cryptococcosis, 683 
distemper virus and, 649 
in Feline infectious peritonitis, 663 
glucocorticoids for, 506 
in histoplasmosis, 680 
in hypothyroidism, 1538 
infectious, immunoassay for, 603 
inherited, 265t 
plant toxicities and, 251 

systemic disease and, 92-96, 92t, 95f 672t 

in neurologic examination, 161-162, 808-810 
Eyelid disorders, systemic disease and, 92 


Famotidine (Continued) 

for gastrinoma, 1631, 1631b 

for gastritis, in acute renal failure, 1748t 

for lymph oplasm acytic gastritis, 1322-1323 

Fanconi syndrome, 182 It, 1822, 1826-1827 
Fasciculation, 156 
Fat, dietary 

in gastrointestinal disease, 572 
in heart disease, 580-581 
in hepatic disease, 576 
palatabihty and, 556 
in renal failure, 584 
small intestinal absorption of, 1335 
Fatigue, 28 

Fatty acids. See also Omega 3 fatty acids 
deficiency of skin lesions in, 5St 
dietary, in gastrointestinal disease, 572 
dietary requirement for, 560 
Faucitis, and ptyalism r 124 
Fearfulness, in dogs, 185-186 
Febantel, for intestinal parasitism, 1359t 
Fecal elastase, in pancreatic exocrine insufficiency, 1493 

Fecal incontinence, 144, 147, 1419-1420 

Fecal proteolytic activity, in pancreatic exocrine 

insufficiency, 1493 


Feces 


abnormal color of 222 

acholic, 223, 1423t 

blood in, 141-142, 142b, 143£ See also Melena 
culture of 1347, 1383-1384 
in disease transmission, 703 
examination of 377 

in large intestinal disease, 1383, 1385t 
in small intestinal disease, 1346-1347, 1348f 
immunoassays of for infectious organisms, 603, 646 
inappropriate elimination of 186, 187, 188f 
Feeding behavior, of cats vs. dogs, 556 
Feeding. See Diet 

Feline lower urinary tract disease. See Cystitis, feline idiopathic 
Feline urologic syndrome. See Cystitis, feline idiopathic 
Feliway. See Pheromone, feline 
FeLV. Sre Leukemia virus infection, feline [FeLV) 

Feminization syndrome, 1696, 1914 
Femoral head, avascular necrosis of 367-368, 

1980-1981, 1981f 

Femoral nerve, functional evaluation of, 889t 
Fenbante], for protozoal infection, 64Qt 

Fenbendazole 

for CapiUaria infestation, 1872 
for fluke infestation, 1255, 1491 
For idiopathic enteropathies, 1360 
for intestinal parasitism, 1359t 
for lung parasites, 1255, 1256 
for protozoal infection, 640t, 1360 
Fenestration of intervertebra l disks, 86 8 
Fentanyl, for analgesia, 23 

in arterial thromboembolism, 1101 
in bone neoplasia, 763t 
constant rate infusion of 546t 
in feline idiopathic cystitis, 184 It 
Ferrous sulfate, for oral iron supplementation, 1781, 1890 
Fertility, disorders of See Infertility 

Fertilizer, toxicity of 245 
Fetus. See also Parturition; Pregnancy 
abnormal presentation of 1663-1664 
challenges to, at parturition, 1708-1709 
loss of 651, 1647, 1656-1657 
oversized, 1657,1663 
retention of 166 5 


Face 


erosions and ulcers of 49b 
neoplasms of, 44, 50, 55 

rubbing of in hypocalcemia, 1529 
sensation of 810 
Facial nerve 

anatomy and function of @90t 
evaluation of 810, 812 
idiopathic neuritis of 900 

paralysis of 173f 176, 900, 1183-1184 

Facioconjunctival edema. See Angioedema 

Fading puppy or kitten syndrome, 267, 1711-1712 

Failure of passive transfer, plasma component transfusion 

for, 466 

Failure to thrive, 80-83, 80b, 81 f 
in feline infectious peritonitis, 663 
genetic defects and, 267 
small intestinal disease and, 1345 
Fainting, See Syncope 

Familial disorders. See Congenital disorders; Inherited disorders 

Famotidine 

for esophagitis, 1301 

for gastric acid reduction, 511 

for gastric ulceration, 449, 1319 
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Fever, 9-13, 11b, 12f 13f 

neoplasia and, 790 
nonspecific, antibiotics for, 503 
nonsteroidal anti-inflammatory drugs for, 521 
Fever of unknown origin, 12-13, 1958 
Fiber, dietary 

for consti pati on, 1405 
in diabetes mellitus, 578 
in gastrointestinal disease, 572-573 
in inflammatory bowel disease, 1360, 1395-1396 
in weight-loss diets, 77 
Fibrinolysis, 1931 

Fibrocartilaginous embolism, of spinal cord, 869-870, 1152-1153 
Fibrodysplasia, 904 

Fibroelastosis, endocardial, 1019-1020, 1020f 
Fibrosarcoma. See also Sarcoma, soft tissue 

multiple subcutaneous, 657 
of oral cavity, 1291, 1291 f 1294 
skeletal, 767 

Fibrous dysplasia, 1983, 1985f 

Filaroides kirtki infestation, 1255 

Fila wides osleri infestation, 1221-1222, 12 21 f 

Finasteride, for prostatic hyperplasia, 1694, 1816 

Fine-needle aspiration 

of abdominal organs, 271-275, 275f 
ofliver, 1429-1430 

of lung, 344 

of lymph nodes* 345, 346f 
in lymphoma, 735, 735f 
in mast cell tumor, 778 

of prostate, 1814 

of skin tumors, 748 
in soft tissue sarcoma, 754 
transthoracic, 1215, 1244 
FIF. See Infectious peritonitis, feline (HP) 

Fipronil 

adverse reactions to, 254, 255t 

in flea control, 65 
for mite infestation, 41 

mode of action, 255t 

in tick control, 68 
Fish oil. See Omega 3 fatty acids 
Fistulas 

arterioportal, 1454, 1455, 1458f, 1463 
arteriovenous, 1157-1159, 1158f 1159f 
esophageal, 1238, 1307 
oro nasal, 228b 

perianal, 1399, 1416-1417, I416f 
uretero vaginal, 1874 

urethrorectal, 1874 

FFV. See Immunodeficiency virus infection, feline (FTV) 

Flail chest, 435, 463, 1274 

Flank alopecia, seasonal, 63 

Flatulence, 148-149,149f, 1345 
Flaviviridae infections, 699-700 

Fleas, 63-65, 691, 703, See also Allergic dermatitis, flea bite 
Flecainide, for arrhythmia, 1072 
Fluconazole, 673-674, 689t 
for blastomycosis, 679 
for coccidioidomycosis, 693 
for cryptococcosis, 685 
for nasal aspergillosis, 697 
for nervous system infections, 840 

for urinary tract fungal infection, 1808 

Flucytosine, 675, 689t 

for cryptococcosis, 685 
for meningomyelitis, 853 

Fludrocortisone, for mineralocorticoid replacement, 1604, 

1621,162It 


Fluid balance 
disorders of 

in acute renal failure, 1736-1737 
in edema formation, 70-71, 71f 
and neurologic dysfunction, 154-155 
large intestine in, 1381, 138 I f 

physiology of; 102, 237-238, 412-414, 413f, 4l4f 

small intestine in, 1336-1337 
Fluid therapy, 412-424, 418-419b, 423f 
in acute abdomen, 403 

in acute blood loss, 1888 

in acute renal failure, 447, 1743-1744 

in anaphylaxis, 460 

in brain injury, 411 

in caval syndrome, 1133-1134 

in chronic renal failure, 1778 

in deh ydration P 418b, 419, 4 23 

in diabetic ketoacidosis, 425, 426f, 1571-1572, 1572b 

emergency database for, 4l8t 

in gastric dilatation/volvulus, 1320 

in heatstroke, 438-440 
in hypotension, 482 
intraosseous administration, 1713 
intra peritonea I administration, 1713 
maintenance requirements, 415, 419b, 423 

m oni toring of 420-4211, 423-424 

in neonates, 1712-1713 

for perfusion maintenance, 415, 418b, 419-424, 

422t, 423f 

selection of solution type, 414-415 
in shock, 457 
in trauma cases, 436 

Fluke infestation 

of biliary tract, 1481 

of pancreas, 1489, 1491-1492 
Flumazenil 

for cardiopulmonary' resuscitation, 408t 
for hepatoencephalopathy, 442 
Flunixin meglumine, for pain, 519t 
Fluocinolone, for otitis externa, 1176t, 1178 
5-Fluorocytosine, for meningomyelitis, 853 
Fluoroquinolone antibiotics, 501, 647. See also specific drug? 
Fluoroscopy 

in pharyngeal/laryngeal disease, 1197 
in respiratory disease, 1210 
in tracheal disease, 1218, 1226 
5-Fluorouracil, side effects of, 71 It, 712 
Fluoxetine 

for canine compulsive disorder, 187 
for feline idiopathic cystitis, 1842t, 1843 
Fluticasone, for bronchopulmonary disease, 392, 393, 1237 
Fly infestation, 68-69, 69t, 1170 
Foamy virus infection, feline, 668t, 670 
Folate 

deficiency of and anemia, 1916 

in diet, 573t 

in pancreatic exocrine insufficiency, 1495 
small intestinal absorption of 1335, 1335f 
in small intestinal disorders, 139, 1349, 1366, 1369 
Follicle-stimulating hormone (FSH), 1642, 1643f 1650 
Follicular cystitis, 1871 
Follicular phase, of estrous cycle, 1640-1642 

Folliculitis, 49, 51, 52, 54 

Fomepizoie, for ethylene glycol toxicity, 257, 449 
Food. See Diet 

Food allergy/hypersensitivity. See AD ergy, to food 
Food poisoning, 567, 1362, 1905b 
Foramen ovale, patent, 987 
Forebrain disorders, signs of, 159, 814 
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Foreign bodies 

aura], I ] 73 
bronchial, 1238 
and dysphagia, 131b 

and encephalitis, with polyphagia, I21b f 122 
and epistaxis, 228b 

esophageal, 1302-1303, 1302f, 1305t 

gastrointestinal, 432 
and granuloma, 44 
nasal, 1194 

oropharyngeal, 1198, 1201 
and pericardia] effusion, 1116 
and ptyalism, 124 
and regurgitation, 13 Of 131, 131b 
tracheal, 1228 

Formaldehyde, and oral lesions, 243 
Form in g-Forming virus, feline, 6681 
Foxglove, toxicity of; 245 

Foxhound, English, inherited renal disease in, 182It, 1822 

Foxtail awns, 858, 1116 

Fractures 

pathologic, in nutrition-related skeletal disorders, 563, 565f 
scintigraphic evaluation of, 367, 37Qf 
FreAmine III, in fluid therapy, 416t 
Frontal sinuses. See also Nasal sinuses 
congenital malformations of, 1190 
neoplasms of, 1194-1195 
trauma to, 1195, 1195f 

Frontline. See Fipronil 
Frostbite, of pinna, 11 70 
Fructo-oligosaccharides (FOS), 572-573 
Fructosamine 

in diabetes mellitus, 1570, 1581-1582, 1582t 
in insulinoma, 1562 

interpretation of in hyperthyroidism, 1549 
FSH. See Follicle-stimulating hormone (FSK) 

Functional heart murmurs, 198 
Fundus, ocular, systemic disease and, 94 
Fungal infection 

cutaneous. See Dermatophytosis; Malassezia dermatitis 
systemic, 671-699. See also specific mycoses, 

Cryptococcosis 
and arthritis, 1960 

and coughing, 190b 

diagnostic testing for, 297-299. See also Serology 
differential diagnosis of, 672t 

and epistaxis, 227 
of eye, 97b 

and fever of unknown origin, 12 
and hemoptysis, 231,231b 
in intestinal disease, 1357-1358 
of large intestine, 1385t, 1388-1390 
of nasal cavity, 380, 1191-1192, 1191f 

and nasal discharge, 208b, 209 

and neurologic disease, 155, 836b, 837, 840, 853 

and pericardial disease, 1116 

of respiratory tract, 1209, 1252-1254, 1253f 1254f 
skin lesions in, 31, 44, 47b, 60, 62 

treatment of See Antifungal drugs 
and vision loss, 97b 
zoonotic, 704 

of urinary tract, 1808, 18 71 
Furazolidone, for protozoal infection, 640t 
Furosemide 

for acute renal failure, 447, 1745 
adverse reactions in cats, 532t 

for ascites, 153 

for cardio my apathy, feline, 1086, 1093, 1094 
for cerebral edema, 162 


Furosemide (Confirmed) 

for congestive heart failure, 405, 951, 955, 1131 
in mitral insufficiency, 1032, 1033 
constant rate infusion of, 546t 
dosage of in renal failure, 1 776t 
for edema, 72 

for hemorrh a gic cystitis, in chem otherapy, 7 ] 7 

for hypercalcemia, 259, 1520, 152It 
for hypertension, 477t 

for pulmonary edema, 1241 

Furunculosis, 44, 51,52, 54 

Fusobacterium infection, and pyothorax, 128Gt 


Gabapentin, for seizures, 801 
Gagging, 126-128, 127f 
Gait, assessment of 6, 806-807 
Gal actostasis, 1666 

Gallbladder, 1478-1482 
anatomy of 1478, 1479f 
biopsy of ultrasound-guided, 272 
disorders of 1480-1482 

diagnosis of 1431-1433f 1478-1479 

laboratory evaluation of 1425, 1427-1429 
inflammation of 1479, 1480-1481, 148If 
lithiasis of 1479, 1480, 1481, 1481f 
mucocele of 1480 

neoplasms of 1476-1477, 1480, 1481 
rupture of, 1481-1482 

Gallop heart sounds, 196 

Gallstones, 1479, 1480, 1481, 148 If 

and cholangitis/cholangiohepatitis complex, 1450, 1451 f 

Gamma glutamyl tr anspepti dase, 1424t, 1425 
Ganglion euritis, sensory, 895 
Ganglioneuroblastoma, 896 
Ganglioneuroma, 896 

Gangliosidosis, 265t 
Garlic 

for arrhythmias, 525 
toxicity of 244, 526b, 1906 
Gastric acid secretion 

drugs inhibiting, 1318-1319 
excessive, 1316, 1317 
regulation of, 1310-1311, 1312f 
Gastric dilatation/volvulus, 1312t, 1319-1321, 1320f 

and acute abdomen, 402 
myocarditis in, 945 
surgery for, 432 

Gastric emptying, delayed, I3l2t, 1326-1329, 1326t, I327f 1328t 
Gastric inhibitory polypeptide, 1623t, 1625 
Gastric lavage, 337-338, 338b 

Gastric secretory testing, 1315 

Gastrin, 1622-1623, 1623t, 1625 

in gastrinoma, 1630 

serum levels of in gastric disease, 1315, 1318 
Gastrin releasing peptide, 1624t, 1627 

Gastrin-CCK, 1624t, 1627 
Gastrinoma, 794, 1625, 1629-1631, 1631b 

Gastritis 

acute, 1312t, 1315-1316, 1315b 

atrophic, 1325-1326 

chronic, 1312t, 1321-1322f 1321-3326 

with enteritis. See Gastroenteritis 
hypertrophic, 1326 
in uremia, 1747, 1 748t, 1765 

Gastroduodenal ulceration, as paraneoplastic syndrome, 794 
Gastroenteritis, hemorrhagic, 13 54 
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Gastroenteropathy, protein-losing. See Protein-losing enteropathy 
Gastroesophageal intussusception, 1310 
Gastroesophageal reflux, 1299, 1303 
Gastroesophageal sphincter, endoscopy of 375 
G as troin testin al tract. See a iso specific structures, eg ., Stom ach 
aspirate cytology of 304 

biopsy of 273, 377 

endocrine system of 1622-1627, 1623-1624* 
disorders of 1627-1632 
endoscopic techniques for, 374-377 
foreign bodies of 432 
fungal infection of 680, 68It, 687 
heatstroke damage to, 437-438 
ischemia of 429t, 432, 1 151 
neoplasms of, 305f 778, 791 

obstruction of 134, 429t 

protozoal infection of 638-639 

toxicity to, chemotherapy and, 711, 716, 765 

ulceration of 430-432, 791, 794 

Gastrointestinal tract disorders 
and abdominal distention, 150 
in acute abdomen, 4Q2t 
and anemia, 142, 791, 1889 
and bleeding, 141-142, 141b, 142b, 143f 

body odors and, 89b 
constipation in, 144-145, 145-146f 
diarrhea in, 137440, 138f 
dietary deficiencies in, 573, 573t 
dietary management of 570-573 
differential diagnosis of 245 
and failure to grow, 80b, 82 

and flatulence, 148-149, 149f 
food intolerance and, 568, 570 
glucocorticoids for, 506-507 
in hepatobiliary disease, 1422, 1423t 
in hyperthyroidism, 1546 

melena in, 141-142, 141b, 142b 

in paraneoplastic syndrome, 791,794 
and polyarthritis, 1963 
regurgi tation in, 13 Of 131b 

toxicosis and, 245, 251-252 

uremia and, 449, 1316t, 1747-1748, 1748t, 1764-1765 
vomiting in, 133b, 134, 135-136f 
Gastrointestinal tract emergencies, 4021, 428-433 
diagnosis of, 428-430, 43It, 4321 
etiology, 428, 429t 
treatment of 430-433, 433b 

Gastroscopic food sensitivity testing, 1362 

Gastroscopy, 375, 1315, 1317, 1324, 1326 
Gastrostomy tube 

devices for, 333f 336f 

feeding via, 597-598 
placement of 332-335, 334-335f 

Gemfibrizol, for hyperlipidemia, 594 
Gene therapy, 538-543 

clinical applications, 541-543 

in genetic disorders, 268 

historical background, 539 
methods of 539-541, 539f 
Genetic defects. See Inherited disorders 
Genital tract. See Reproductive system 
Genomics, 264 
Genotype, 264 

Gentamicin 

for bacterial pneumonia, 1235, 125Gt 
for brucellosis, 627 
dosage of in renal failure, 1776t 
for infective endocarditis, 1039 
for otitis externa, 1176-1177t, 1178 


Geriatric disorders 

cognitive dysfunction, 181-182 
hind limb tremors, 158 
sleep disorder, 180 
German shepherd dog 

degenerative myelopathy of 856-857 
inherited renal disease in, 1823 

nodular dermatofibrosis syndrome in, 32, 43, 265t, 268, 794 
pituitary dwarfism in, 1500-1502, 150If 1502f 

sudden cardiac death syndrome in, 177 
Gestation. See Pregnancy 
GFR, See Glomerular filtration rate (GFR) 

Ghrelin, 1624t, 1626 
Giardiasis, 638-639, 640t, 1360 

fee a! a ntigen test for, 1347 
of large intestine, 1385t, 1387-1388 
vaccination for, 610t, 614t, 1360 
zoonotic, 703 

Gila monster bites, 250, 25Gt 
Ginger, for emesis, 525 
Gingivitis/stomatitis, chronic, 1295 
Glaucoma, and vision loss, 97b 
Glioma, 833, 834f 

Glipizide, for diabetes mellitus, 1578-1579, I580f 158It 

Globoid cell leukodystrophy, 265t, 862 
Glomerular filtration rate (GFR) 

ACE inhibitors and, 957, 958f 
determination of 1717-1719 

scintigraphic evaluation of 354t, 369-374, 372f 373f 

in stagin g of renal dise ase, 1758 
Glomerulonephritis, 1786b, 1790-1796 

amyloidosis in r 1794-1795, 1795f 

in borreliosis, 620, 1790 
in chronic renal disease, 1770-1771 
clinical findings in, 1786-1790, 1787-1788b 
coagulopathy in, 1936 
complications of 1798-1799 
familial, 1787t, 1796 

in heartworm disease, 1120, 1130, 113Of 

in hyperadrenocorticism, 1610 

medical management of 1797-1798 
membranoproliferati ve, 1790-1791, 1791 f 
in paraneoplastic syndrome, 794 
prognosis for, 1799-1800 
proliferative, 1793-1794, 1 793f 
and proteinuria, 115 r 115t, 116, 1788 
Glomerulonephropathy, protein-losing. See Nephropathy, 

protein-losing 

Glomerulosclerosis, 1796-1 797, 1797f 

Glomerulotubular imbalance, 1788 
Glomerulus 

functional evaluation of 1717-17 20, 1719t 

hyaline deposits in, 1771 

inflammation of See Glomerulonephritis 

structure and function of, 1786, 1787f 17894790, 1790f 
Glossitis 

and ptyalism, 124. See also Stomatitis 
in toxicosis, 243, 251, 255 
Glossopharyngeal nerve, 811, 812, 890i 
Glucagon 

in glucagonoma, 73, 1628 

for hypoglycemia, in insulinoma, 1562 

Glucagonoma, 1627-1629 

and necrolytic migratory erythema, 72, 73 
Glucocorticoids, See also specific hormones or drugs 
adrenal production of 1612-1613, 1614f 1615f 

for adrenocorticoid replacement, in adrenal tumor surgery, 

1603-1604 

adverse effects of 508, 508b 
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Glucocorticoids (Continued) 

failure to grow, 82 

gastrointestinal ulceration, 1316, 1406*1407 
hepatopathy, 304 f 1425, 1470-1471 
hypertension, 473 

hypoadrenocorticism, secondary, 1622 

infertility, 1647, 1654 
melena, 142b 
osteopenia, 1987 
polyphagia, 120, 121b 
thromboembolism, 1148-1149 
topical use, ingestion of 254 

for anaphylaxis, 460 

for anti-inflammatory therapy, 506-507 
for anti-neoplastic therapy, 507 
for aspiration pneumonia, 1260 
for bronchial disease, feline, 1236-1237 
for bronchitis, canine chronic, 1233-1234 
for cerebral edema, 162, 411 
contraindications for 

acute hepatitis, 1435-1436 
borreliosis, 621 
demodectie mange, 43 
diabetes mellitus, 75 
hepatic lipidosis, 1440 
pyoderma, 43, 52 

deficiency of. See Hypoadrenocorticism 
dosage of in renal failure, 1776t 

effect of, on liver enzyme levels, 1424t, 1425, 1470-1471 

for eostn op hihc b ronchopneumopathy, 1257-1258 

for eosinophilic granuloma complex, 1294-1295 

for esophagitis, 1304 
for heatstroke, 440 

for hepatitis, chronic idiopathic, 1435, 1444 

high-dose short-term therapy with, 507-508 

for hypercalcemia, 1520, 152It 

for hypoadrenocorticism, 1620-1621, 162It 

for immune-media ted hemolytic anemia, 1900 

for immunosuppressive therapy, 507 
for inflammatory bowel disease, 1396 
in inhalation therapy, 392 
for ischemic myelopathy, 870 
for masticatory muscle myositis, 904 

for meningitis, 829, 838, 839, 853, 856 

for myasthenia gravis, 896 

for otitis externa, 1176, 1176-1177t, 1178 

for p ancreatitis, 1487, 1490 

pharmacology of, 504-505, 505t 

for physiologic replacement therapy, 506 

physiology of 503-504, 504b 

for polymyositis, idiopathic, 950 
For pruritus, 43, 52 
relative potency of 162It 

for sepsis, 403 

for spinal cord trauma, 868, 881-882 
in spinal neoplasia, 876 
therapeutic uses of 505-508 
topical preparations, 254 
for tracheobronchitis, infectious, 1220 
withdrawal of 508 

Glucosamine, for osteoarthritis, 517, 565 

Glucose 

blood level of decreased. See Hypoglycemia 
blood level of increased. See Hyperglycemia 

brain requirements for, 798, 800 

in fluid therapy, 419 
in hepatobiliary disease, 1429 

homeostasis of in hepatic disease, 574, 576 
metabolism of, in cats, 574, 578 


Glucose (Continued) 

monitoring of by ear vein sampling, 308-310, 309f 

31 Of 1584f 

in urine. See Glucosuria 
Glucose toxicity, in diabetes mellitus, 1567 
Glueosuria 

in acute renal failure, 1741 
in diabetes mellitus, 1567, 1582 
evaluation of 103 
in renal tubular disease, 116, 1826 
in urinalysis, 1722 

Glutamate, in excitotoxicity, 798, 799f 
Gluten-sensitive enteropathy, 568, 572, 1364 
Glyburide, for diabetes mellitus, 1578-1579 
Glycerin, for constipation, 1404, I404t 
Glycogen, hepatic accumulation of, 304 
Glycogen storage diseases 
and hypoglycemia, 1429 
and myopathy, 905,9071, 909 
Glycogenosis, 265t, 905 

Glycosaminoglycan, for feline idiopathic cystitis, 1830, 1843 
Cnatkostoma spp., in chronic gastritis, 1324 
Goblet cells, intestinal, 1333, 1334f 1378-1379 
Goiter 

in congenital hypothyroidism, 1537 

in feline hyperthyroidism, 1547 
toxic nodular, in humans, 1545 

Gold injections, for immune-mediated arthritis, 1964 
Golden retriever 

inherited renal disease in, 1823 

pericardial effusion in, 1109, 1114,1115 

Gonadectomy See Sterilization 

Gonadotropin, equine chorionic, for estrus induction, 

1682, 1708 

Gonadotropin, human, chorionic 
for estrus induction, 1682, 1708 
for follicular ovarian cysts, 1652, 16551 
Gonadotropin-releasing factor 
in anestrus, 1645, 1646, 1650 
for follicular ovarian cysts, 1652, 1655t 
for urinary incontinence, 1873 
Gram-negative bacteria, and drug resistance, 499 
Granulocyte colony-stimulating factor, human 
for feline leukemia virus infection, 656 
for parvovirus infection, 647, 1355 

for peritonitis, septic, 403 

Granulomas 

central giant cell, of bone, 1883 
cutaneous, 44, 46, 623-624 
of pinna, 1171 
Granulomatosis 

eosinophilic, pulmonary, 1120, 1130, 1258 
lymphomatoid, 1155 
Granulomatous enteritis, 1373 
Granulomatous hepatitis, 1447, 1476 
Granulomatous meningoencephalitis, 83 7f 840, 862-863 

Granulosa cell tumors, 788 

Grapes, toxicity of, 244, 250 

Grave's disease, 1545 

Gray collie syndrome, 1939-3940 

Great Dane, dilated cardiomyopathy in, 1079 

Green-lipped mussel, for joint disorders, 517 

Greyhound 

car ebro vascul ar disease in, 841 
hemolytic uremia syndrome in, 32 
vascul op athy in, 1154 
Griseofulvin, adverse reactions in cats, 532t 
Growth, failure of, 80-83, 80b, 8lf 
after early neutering, 3 669 
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Heart disorders (Continued) 

congenital, 972-1021 
angiography in, 976-977 
atria, anomalous development of, 1012-1013 
breed predilection for, 972, 973t, 977-978 
classification of, 978, 979b 
clinical approach to, 972 
cor triatriatum, 1012-1013, 1012f 
cyanosis in, 219, 220b, 982-984, 1013-1018 
diagnostic testing for, 974-977 

endocardi al fib roelastosis, 1019-1020, 102Qf 
etiology and prevalence of, 977-978 
history in ,973-974 
imaging in, 975-976 

patent ductus arteriosus, 978-987, 980-983f, 986-987f 
right-to-left shunting in, 982-9S4, 985f 986f 
physical examination in, 973-974 
pulmonic stenosis, 998-1006, 1001 -1007f 
septal defects, 987-993, 988-993f 

subaortic stenosis, 1006-1012, 1008-1011 f 
tetralogy of Fallot, 974t, 1014-1017, 1014-3017f 
transposition of great arteries, 1018 
valvular atresia, 1017 
valvular dysplasia, 993-998, 994-1000f 
vascular anomalies, 1020-1021, 102 Of 102If 
ventricle, double outlet, 1017-1018, 10l9f 

and cough, 190, 190b 

and cyanosis, 219, 220b, 982-984, 1013-1018 
and diarrhea, 137 

dietary m an agement of, 579-583,583b 
and edema, 711 

emergency treatment of; 404-406 

cardiopulmonary resuscitation, 405, 407-409, 408t 

and failure to grow, 80b, 82 

and hemoptysis, 230, 231b 

in hyperthyroidism, 1547 

and hypotension, 480, 48If, 482, 482b 

in hypothyroidism, 1538 

murmurs and. See Murmurs, cardiac 

myocardial disease, primary. See also Cardiomyopathy; 

Myocarditis 
in cats, 1082-1104 
in dogs, 1077-1082 

pacemaker implantation for, 348-351, 350f, 1075-1076 

and pericardial effusion, 1116 
and pleural effusion, 206 
and proteinuria, 115, 1 J5t 
pulse alterations in, 201, 204 
and shock, 211, 21 It 
and syncope, 25f, 26 

and weakness, 29 

Heart failure, 914-972 

cachexia of, 579-580, 933-934 
in cardiomyopathy, feline, 1088-1089 
causes of 914f, 915 

diastolic, 919-921,920b, 92If 

systolic, 915-919, 916b, 917f 
classification of, 914, 935b, 951 
clinical signs of, 922f 933-934,933b 
compensation in, 921-930, 922f 923f 
central, 928-930, 929t 

neuroendocrine activation in, 921-926, 923b 
peripheral, 926-928, 927t 
dietary management of 579-583 
em ergency treatment of 405-406, 951-953 

evaluation of 934-938, 935b, 936b 
in heartworm disease, 1120, 1131-1132, 113 If 
in hyperthyroidism, 1547 
inflammation in, 930-932 


Growth hormone 

in acromegaly, 1498-1499, 1498f 
in anestrus, 1646f 
in insulin resistance, 1657 
in mammary gland development, 1644 
Growth plates, delayed closure of 1987-1988 
Guaifenesin, for cough, 192t, 510, I 220t 
Guarana, toxicity of 526b 

Gut-associated lymphoid tissue, 1337-1340, 1339f 
Gynecologic emergencies, 450-452, 450t 


H 2 receptor blockers 
for anaphylaxis, 460 
for gastric ulceration, 449, 1318-1319 

Haemapkysalis ticks 

as disease vector, 631, 1904 
in tick paralysis, 248 
Haemobartonella amis infection, 1903 
Haemobartonella fells. See Mycoplasma haemofelis 

Hageman trait, 1932 
Hair 


loss of See Alopecia 
pigmentation changes in, 60 
H alitosis, 88, 89b, 124 
Hallucinogens, 253 
Hamartoma, cutaneous, 43 
Hammondia infection, 638-639 
Hand rearing puppies and kittens, 562, 1710-1711 
Hantavirus infection, 668t, 670-671 
Head 


examination of 6-7 
trauma to, 409-412, 435, 436 
tremors of 156, 158, 828-829 

Hearing 

assessment of 811, 1184-1185 
loss of 1184-1386, 1185b 

Heart, See also Myocardium; entries at Cardiac at\d specific cardiac 

structures , e.g. t Ventricle 

arrhythmias of See Arrhythmias 
auscultation of 195-200 
conduction system of, 1040-1041 

contractility of 915, 937 
disorders of See Heart disorders 
echocardiography of See Echocardiography 
electrocardiography of. See Electrocardiography 
failure of. See Heart failure 

functional evaluation of. See Cardiac function evaluation 

inj ury of traumatic, 4 63 
murmurs of See Murmurs, cardiac 

neoplasms of and pericardial effusion, 1112-1113, 

1114-1116 

scintigraphic evaluation of, 354t 

stroke volume of, and arterial pulse, 200*201 

toxicity to, 245, 251, 254 

chemotherapy and, 711, 713, 765 
transien t he art sounds, 195-3 96 

valvular disease of 1022-1039. See also specific valves 

Heart base tumor, 1112-1113, lll3f 1115 
aspirate cytology of 303, 3Q3f 
Heart block. See Conduction disorders, cardiac 
H eart disorders. See also Arrhythmias; spedfic disorders 

and ascites, 150-151,153 
biochemical markers of, 936, 940-948, 941b 
functional markers, 945-948 
leakage markers, 940-945, 94It, 944b 
chronic anemia and, 1889 
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Heart fadure (Continued) 

left, diagnosis of, 935 

in mitral inefficiency, 1024-1025, 1032*1034 
natural history of, 949-951, 950f 

n euroh ormonal mechanisms of, 954 

phases of, 949 

and pleural effusion, 1276 

progression of 938-939, 939f 953-954 

and pulmonary edema, 1240 

and pulmonary hypertension, 1284, 1285 

right, diagnosis of 934-935 
treatment of, 948-972, 965f 
ACE inhibitors in, 955-958 
in acute decompensation, 951-953 

in compensated disease, 954-64 

in diastolic dysfunction, 953, 968 
diuretic therapy in, 954-955 
future prospects, 968-972 
positive inotropes in, 958-961 
in refractory disease, 965-968 
sodium restriction in, 967-968 

vasodilators in, 965-967 

troponin in assessment of 943-944, 943f 
Heart rate 

and arterial pulse, 200 

variabdity of in heart failure, 923, 924f 925f 928-929 
Heartworm disease, 1118-1144. See also Dirofilaria immitrs, 

Microfilaremia 

allergic pneumonitis in, 1120, 1124f 1130, 1137 

antigen tests for, 603 

and aortic thromboembolism, 898, 3 134 
asymptomatic infection, 1129-1130 
in cats, 1137-1144 

clinical signs of 1137-1138, 113SF 

diagnosis of 11211, 1137-1138, H39£ 1HQF 

pathophysiology of 1137 

prevalence of 1137, 1143f 

prognosis for, 1143-1144, 1144f 

treatment and prevention, 1138-1143, 1144t 

clinical signs of 1120 

diagnosis of 1120-1125, 1121t, 1123f 1134-1135 
antigen tests for, 489-492, 490-49It 

eosinophilic granulomatosis in, 1120, 1130 

epidemiology of 1118, 1119f, 1137, ll43f 
glomerulonephritis in, 1130, 1130f 
heart failure in, 1131-1132, 1131 f 
and hemoptysis, 230 
pathophysiology of 1119- M 20 
prevention of, 1125-1127, 1135-1136 
pulmonary embolism in, 1130-1131, 113If 1287 
treatment of 1127-1129, 1127f 1136 

Heartworm of Fra nee. See A ngiostrvngylus vasoru m infestation 
Heat ablation, for parathyroid neoplasms, 1525 
Heal cycle. See Estrus 

Heatstroke, 11, 437-440, 439f 
Heinz bodies, 1905-1906, 1905b, 1905f 
Helicobacter pylori, 1311-1312, 1322 

Helicobacter spp., 1311-1312 

andchronic gastritis, 1322-1323, 1324, 1325 
Helminth infestation 
and coughing, 190b 
and hematochezia, 141b 

of large intestine, J385t, 1386*1387 

and melena, 142b 

in respiratory disease, 1221-1222, 1221f 1254-1256 

of small intestine, 1354, 1358-1360 

Hemangioma, cavernous, 1159-1160 
Hem angiosarcoma, 758-761, 759b, 760t, 767 
of heart, 1112, 1112f 


Hemangiosarcoma (Continued) 

hepatic, 1478 

Splenic, and hemoperitoneum, 151, 440-441 

Hematemesis, 134, 136f 

Hematochezia, 141, 141b 

in large intestinal disease, 1383, 1399 
in rectoanal disease, 1410-1411 
Hematoma 
aural, 1171 

splenic, 441, 1950-1951 
subcutaneous, 43, 44, 46 
Hematopoiesis 
cyclic, 1939-1940 

extramedullary, 1950 

Hematuria 

in urinalysis, 1723, 1723b, 1723f 

and urine color, 112t, 113f 114 
Hemiatrophy, segmental, 1972 

Hemimelia, t970, 197If 

He min egl eet, 815, 815f 
Hemivertebrae, 855, B56f 884 
Hemoabdomen. See Hemoperitoneum 
Hem obartonellosis 
canine, 1903 

feline, 1902-1903, 19G3f 

coinfection in, 656, 657, 1903 
Hemodialysis, 1750-1751, 1750b 
H emoglobin 
abnormalities of 

and cyanosis, 219 

an d polycythemia, 216 
carbamylated, 1717, 1741 
degradation of 1891 
inherited defects of 1892, } 8931 
oxygen saturation of 1215-1216 
pulse oximetry and, 401 
in respiratory disorders, 433-434 
synthesis of and hyperbaric therapy, 551 
in urine. See Hemoglobinuria 
Hemoglobin solutions, stroma-free. See Oxyglobin 
Hemoglobinemia, in cava! syndrome, 1133 
Hemoglobinuria 

in caval syndrome, 1132-1133 
in hemolytic anemia, 1891, 1898 
in urinalysis, 1722 

and urine color, 112t, 113f 114, 115t 
Hemogram, in classification of anemia, 1909, 1910b 
Hemolysis. See also Anemia, hemolytic 
extra vascular vs. intravascular, 1891 
jaundice and, 223, 224f 

transfusion reactions and, 1901-1902 
Hemolytic anemia. See Anemia, hemolytic 
Hemolytic uremia syndrome, 32, 1907 
Hemoperitoneum, 151, I52f 153 

hepatic/splenic bleeding and, 151, 440-442 
peritoneal lavage in, 269 
in trauma cases, 436 
treatment of 153, 403 
Hemophilia, 1932 

breed predilection for, 265t 
gene therapy in, 541 

plasma component transfusion for, 466, 467t 

Hemopoiesis, cyclic, 1939*1940 
Hemoptysis, 229-331, 230f 231b 
Hemorrhage 

and anemia, 211,214^,435, 1888-1890 

in central nervous system, 841, 863-864, 881 
intra-abdominal. See Hemoperitoneum 

intracranial, 830, 841 
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Hemorrhage {Continued) 
intrathoracic, 207 
mediastinal, 1268, 1270 
from nasal cavity, 229-231, 230f 231b 
in spinal cord, 863-864, 863f 881 
in trauma cases, 435, 436 
vaginal, 99t, 1690 

Hemorrhagic gastroenteritis, 1354 
Hemostasis 

diagnostic testing of, 227, 235, 291-292, 1932-1933. 

Set? also under Platelets 
disorders of. See Coagulopathy; Thrombosis 

physiology of 1918-1920, 1919f, 1929-1932, 

1930f 193 If 

Hemothorax, 207, 461-462 

Heparin 

in chylomicron test, for hyperlipidemia, 594 

constant rate infusion of 547t 

dosage of in renal failure, 1776t 

in heartwomn disease, 1129 

in heatstroke, 440 

in peritonitis, septic, 403 

for thromboembolism, 1149-1150 

arterial, 406, 898,1101,1103 
pulmonary, 446, 1131, 1288, 1609 
Heparin, low molecular weight, 1149-1150 
Hepatic disorders. See below and at Liver disorders 
Hepatic encephalopathy, 801 

with ascites, 1438 

dietary management of, 575, 576, 1463-1464 
in hepatic failure, acute, 1422 
in hepatic lipidosis, 1439 
pathophysiology of 442, 801 

and polyphagia, 121, 122 r 123 
and ptyalism, 124 

treatment of, 442, 801, 1439 

Hepatic failure. See Liver failure 

Hepatic lipidosis, 1471-1473 
cytology of 304, 304f 
hepatic encephalopathy in, 1439 

treatment of 575-576, 1439, 1472-1473, 1473b 

Hepatitis, 1442-1447 
acidophil cell, 1447 
acute, idiopathic, 1440-1441 
breed predilection for, 1443, 1443b 
canine infectious, 606t, 6071, 648-649 
and chronic hepatitis, 1446-1447 
in cats, 1448-1453, 1449t 
with cholangitis, 1447, 1448, 1450-1451 
chronic, in dogs, 1445-1447 

idiopathic, 1435-1436, 1441, 1443 

copper accumulation and, See Copper-associated hepatitis 

dietary management of 576-577, 1440 

granulomatous, 1447, 1476 

in leptospirosis, 617, 1441, 1447 

lobular dissecting, 1441, 1447 

toxic, 1440, 1465 

treatment of 1435-1436, 1440-1441 

Hepatocellular necrosis, in xenobiotic toxicity, 1465 
Hepatocutaneous syndrome, 72-75, 74t, 1422, See also 

Necrolytic migratory erythema 

associated disorders, 33, 72-73 

pruritus in, 4Gt 

scales and crusts in, 55, 57t 

Hepatoid gland tumors. See Perianal gland, neoplasms of 
Hepatomegaly, and collapsing trachea, 1224 
Hepatopathy 

canine vacuolar, 1471, 1471b 

steroid, 304f 1425, 1470-1471 


Hep atotoxicosis, 244, 1166-1171 

copper-associated. See Cop per-associated hepatitis 
drug-associated, 1447, 1465-1469, 1465b, 1466t. See also 

specific drugs 
hepatitis in, 1440, 1465 
iron and, 244, 261 

Hepatozoon canis infection, and arthritis, 1960 
Hepatozoonosis, 640t, 642-643 
Herbal medicine, 524-526 

for hepatic disorders, 575, 1437 
hepatotoxicity and, 1467-1468, 1468t 

in renal disc ase, 1776 

toxicities, 526, 526b 

Herbicides, toxicity of, 243, 260 
Hereditary defects. Se* Inherited disorders 
Herniation 

of brain, 161, 803 

diaphragmatic, 462, 1272-1273, 1273f 
hiatal, 1273, 13Q5t, 1309 

inguinal, of uterus, 1662-1663 

of intervertebral disk. See Intervertebral disk disease 

pericardioperitoneal, 1105-1107, 1106f U07f 1273 
perineal, 8, 141 M 413, 1412f 
scrotal, 1695, !695f 

Herpesvirus infection, canine, 651-652, 1685 
and neonatal mortality, 1647, 1656, 1711 
Herpesvirus infection, feline, 667-669, 668t 
conjunctival lesions in, 93 
and laryngitis, 1203 
and pharyngitis, 1201 
and rhinitis, 1191 
skin lesions in, 31, 49 
vaccination for, 6131 
Hetastarch 

constant rate infusion of, 5471 

for edema, 72 

in fluid therapy, 415, 416t 

for acute abdomen, 403 

for acute rena I failure, 1744 
Heterobilharzia americana infestation, 1385t, 1387 
Heterozygous traits, 266 

Hexacarbons, toxicity of to peripheral nerves, 893t 
Hexachlorophene, adverse reactions in cats, 53 I t 
Hiatal hernia, 1273, 1305t, 1309 

Hilar lymph adenopathy, and bronchial compression, 1238 

Hip dysplasia, diet in, 564-565 

Hip replacement, total, scintigraphic evaluation of 369, 

371f 372f 

His-Purkinje system, 1041 
Histamine 

in anaphylaxis, 459, 459b 
in food, adverse reactions to, 567 
and gastric ulceration, 1319 

as gastrointestinal paracrine substance, I624t, 1627 

in pruritus, 38 

in shock, 2131 

Hi sti ocytic ulcerative colitis, 1398 

Histiocytoma, 779, 780, 783 
Histiocytosis, 779-783 
malignant, 1247 
nodular lesions in, 44 
Histopathology. See Biopsy; Cytology 
Histoplasmosis, 680-682, 68It, 682f 
of central nervous system, 850-853 
geographic distribution of 676f 

intestinal, 1358, 1385t, 1388-1389, 1389f 
pulmonary, 1252, 1253f 

retinal changes in, 806f 
skin lesions in, 31 
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History taking, 2-3 

in neurologic examination, 803, 843 
Holly, toxicity of r 252 

Hoker monitor, 1050-1051, 1079, I079f, 1080 

Homocysteine, 1099, 1147, 1149 
Homozygous traits, 266 
Hookworm infestation 

and intestinal disease, 1358, 1359t, 1385t, 1387 
and myositis, 903 
and pruritus, 69-70 

spinal cord migration of, 881 

Hops, toxicity of, 526k 
Hormones, anaphylaxis from, 458b 
Homer's syndrome, 92, !72f, 175 
Hospice care, 537 

Hot spots. See Pyotraumatic dermatitis 

Human granulocyte colony-stimulating factor, for peritonitis, 

septic, 403 

Human immunoglobulin, for immune-mediated hemolytic anemia, 

467, 1901 

Hyabmma tick bite, 701 
Hydatid disease, zoonotic, 703 

Hydralazine 

and antinuclear antibody production, 1953 
for arterial thromboembolism, 1101 

for congestive heart failure, 405, 952, 966-967, 1039 

for heartworm disease, with congestive heart failure, 1131-1132 

for hypertension, 4771, 479 
lor mitral insu ffidency, 1031-1032, 1033 
Hydrocephalus, 822-823, 822f 
Hydrochlorothiazide 

for congestive heart failure, 955, 1033 
for nephrogenic diabetes insipidus, 1507 
for oxalate urolithiasis, 1861 
Hydrocodone 

for canine chronic bronchitis, 1234 

for cough, 192t, 1031 

for tracheal disease, 1220t 
Hydrocodone/chlorpheniramine, for cough, 192t 
Hydrocortisone 

for adrenocorticoid replacement, in adrenal tumor surgery, 

1603-1604 

constant rate infusion of, 547t 
for hypoadrenocorticism, 1620 
for otitis externa, 1176t, 1178 
potency of 505t, 162It 
production of, 1633 
topical preparations, 254 
Hydrogen peroxide, as emetic, 511 
Hydrolyzed diets, in inflammatory bowel disease, 1395 
H y dromorphone 

in pain management, 430 

for sedation, in peritoneal lavage, 269 

Hydromyelia, 886-887, 886f 

Hydroxydaunorubicin, for lymphoma, 736 
Hydroxyethyl starch. See Hetastarch 

5-Hydroxytryptamine (serotonin), 2l3t, 1624t, 1626, 1627 
Hydroxyurea 

for myeloproliferative disorders, 743 
for polycythemia, 217 

side effects of, 7111 
Hymen, persistent, 1687 

Hyperactivity, in hyperthyroidism, 1546 
Hyperadrenocorticism 

and calcium oxalate urolithiasis, 3 860 
in cats, 1610-1612 

com plications of 1608-16 3 0 
concurrent disease and, 1597, 1610 
and dermatologic changes, 32, 57t, 62 


Hyperadrenocorticism (Continued) 
diagnosis of 1592-1612 

clinical findings in, 1594-1595, 1595t, 1596f 1610-1611 
diagnostic imaging in, 1597-1598, I598f 1602-1603, 

1603-1604f 1611 

endocrine tests for, 1598-1602, 1611 
laboratory findings in, 1595-1597, 1597t, 1610-1611 
and ecchymoses, 232 
etiopathogenesis of, 1592-1594 
hepatopathy in, 1471b 

hyperlipidemia in, 593 

and hypertension, 473 

and myopathy, 156, 904 
neurologic dysfunction in, 155, 802, 841 
and oral ulcers, 50 
and osteopenia, 1987 

and polyphagia, 120, 121, 121b, 123 
and polyuria, 104 

and thromboembolism, 1148-1149 
treatment of 

medical, 1605*1608, 1612 
surgical, 1603-1605, 1611-1612 
Hyper aldosteronism, 1612 

Hyperammonemia 

and hepatic encephalopathy, 801, 1438, 1439 

in hepatobiliary disease, 3 427 
in portosystemic shunt, 801 

Hyperbaric medicine, 550-552, 551b 
Hyperbilirubinemia, 222-225, 224f 

in hemolytic anemia, 1891, 1898 

in hepatobiliary disease, 1427-1428 
Hyperbilirubinuria, See Bilirubinuria 

Hypercalcemia, 236-237 

in calcitriol treatrnent, 1783-1784 

and caldum oxalate urolithiasis, 1848-1849, 1859 

and calcium phosphate urolithiasis, 1868 

in chronic renal failure, 1769 

differentia] diagnosis of 1508b, 1512-15? 3f 1527 

glucocorticoids for, 507 

in hyperparathyroidism, 1508-1509, 1511. See 

Hyperparathyroidism 
in hypoadrenocorticism, 1618 

idiopathic, in cats, 1527-1528 
of malignancy, 237, 792-793, 1519,1519t 
bone demineralization in, 1987 
multiple myeloma and, 744, 746 
neoplasms causing, 793f 151 3, 1538b 

perianal adenocarcinoma and, 1419 
and neurologic dysfunction, 155 

pathogenesis of 1508-1509 

and polyuria, 104 

treatment of 1520-1522, 1520b 
Hypercalduria, 1858-1859 
Hypercapnia, in respiratory acidosis, 400 
Hyperchloremia 

in metabolic acidosis, 400 
in renal tubular addosis, 1827 
Hypercholesterolemia, 593-594, 595 
and atherosclerosis, 1156-1157 
in bile duct obstruction, 1479 

in glomerulopathy, 1 799 

in hepatobiliary disease, 1429 
Hyperchylomicronemia, 2651 
Hypercoagulable states, 1148, U49t 
Hypereosinophilic syndrome, 1941 

Hyperesthesia, 845 
Hy peres trogenism 

and bone macro w supression, 1913-1914 

Sertoli cell tumor and, 786-787 
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Hyperestrogenism (Continued) 
and thrombocytopenia, 226 
Hyperglob ul in emia, in hepatobiliary disease, i 426 

Hyperglucagonemia, 73, 1628 

Hyperglycemia 

in diabetes, 1567, 1570, See also Diabetes mellitus 

differential diagnosis of, 1570b 
glucosamine and, 517 

in hyperadrenocorticism, 1595, 1610 
and neurologic dysfunction, 155 
from stress, 1585-1586 

Hyperglycemic hyperosmolar syndrome, 424, 427-428, 799b, 800 
Hyperhomocysteinemia, 1099, 1147, 1149 

Hyperimmune plasma 

for parvovirus infection, 647 
for tick paralysis, 893 
Hyperkalemia, 240 

in ACE inhibitor therapy, 958 
in acute renal failure, 449, 1740 
treatment of, 1745-1746, 1746t 
in cardiac glycoside toxicosis, 251 
in diabetic ketoacidosis, 425 
differential diagnosis ofj 1617b 
in hypoadrenocorticism, 1615, 1617-1618 
in management of heart disease, 582,1033 
Hyperkalemic periodic paralysis, 904 
Hyperkeratosis, of pinna, 1170-1171 

Hyperlipidemia, 592-595, 595t 

and atherosclero sis, 1156-1157 
and cerebrovascular disease, 830 
and epistaxis, 228b 

feline, familial, 593 
in glomerulopathy, 1799 
and hepatobiliary disease, 1470 
management of, 578, 594, 595t 
and pancreatitis, 1483, 1485 
in renal disease, 1772 
and retinal vessel changes, 96 
Hypermagnesemia, in chronic renal failure, 1769 
Hypernatremia, 238, 1737 
Hyperosmolality, and hypernatremia, 238 

Hyperosmolar syndrome, hyperglycemic, 424, 427-428, 799b, 800 
Hyperostosis 

calvarial, 1979-1980 
idiopathic skeletal, 857, 858f 
Hyperoxaluria, 1859 

Hyperparathyroidism 

with hyperthyroidism, 1548 

nutritional secondary, 563, 1531, 1984-1985, 1985f 1986f 
primary, 1508-1529, 1512-I513f 
and bone disease, 1986, 198Sf 
in cats, 1528, 1 S28t 
diagnostic approach to, 1517-15]9 

diagnostic imaging in, 1516-1517, 15!7f 
and hypercalcemia, 237 

laboratory evaluation of, 151.1, 1514-1516, 1$14£ 1515t 
pathophysiology of 1508-1509 
post-treatment complications, 1526-1527, 1526b, 1526f 
signalment and clinical signs of, 1509-1511,15G9t, 15lOt 

treatment of 

ablation, 1524-1526, 1524f, 1525f 
medical, 1519-1522,1520b, 152 It 
surgical, 1522-1524, 1523f 

primary', and calcium phosphate uroliths, 1868 

renal secondary, 1767-1768, 1776-1778, 1783-1784 

H yperphosph atemia 

enemas and, 51.1, 53It, 1531 
in hyperthyroidism, 1548 
in hypoparathyroidism, 1529 


Hyperphosphatemia [Conrin&edj 
phosphate binders for, 510 

in renal failure, 449, 1769, 1776-1778 
in young animals, 237 

Hyperphosphaturia, in primary hyperparathyroidism, 1509 

Hyperpigmentation, 61f 62-63 
Hyperpyrexic syndrome, 1 \ 

Hypersensitivity reactions, 531-532 
in anaphylaxis, 459 
to chemotherapeutic agents, 712 
pulmonary, 1256-1259, 1257f 
in vasculitis, 1154 

Hypersomatotropism. See Acromegaly 
Hypersthenuria, defined, 1721 

Hypertension, portal See Portal hypertension 
Hypertension, pulmonary. See Pulmonary hypertension 
Hypertension, systemic, 470-476 
approach to, 470t, 472 
assessment of, 470-472, 47 It 
classification of, 473 

in congestive heart failure, 935 

consequences of 473-475 

disease association of 282-283, 470t, 473 

and epistaxis, 226, 228b 

in glomerulopathy, 1799 

in hyperadrenocorticism, 1610 

in hyperaldostero nism, 1612 

in hyperthyroidism,' 1547 

as kidney transplant complication, 1755 

and nasal discharge, 208b, 209 

pathophysiology of, 473 
in renal disease, 474, 476f 1737, 1761-1762 
in progression, 1764, 1770-1771, 1784-1785 
treatment of 1780-1781, 1784-1785 
retinal changes and, 96, 282-283, 474 
treatment of, 475-476, 477-479, 477t 

adverse effects of 479 
ventricular hypertrophy in, 1098 

Hyperthermia, 9-13, 10b, 13f See also Fever 
malignant, 12, 907t 
Hyperthyroidism, 1544-1560 

adenoma vs. adenocarcinoma in, 356, 357, 359 
canine, 1558-1560 

diagnosis of 359, 359f, 360f 1559 
radio iodine therapy for, 359 
and diarrhea, 139 
feline, 1544-1558 

apathetic form, 1547 

clinical signs of 1545-1547, 1546t 

diagnosis of 1547*1553 

scintigraphy in, 355-358, 356f 357f 3S8f 1552-1553 

etiop ath ogenesis, 1544-1545 

medical therapy for, 1553-1556 
radioiodine therapy for, 358-359, 1557-1558 
surgical therapy for, 1556-1557 
thromboembolism in, 1098 
and hypertension, 473 

myocardial hypertrophy in, 1098 

and myopathy, 156, 910 

and neurologic disorders, 155, 802, 841 
and polyphagia, 121, 121b, 123 

and polyuria/polydipsia, 105 
skin changes in, 33 

Hypertonic Quid therapy, 414, 414f 
Hypertonic saline 
for brain injury, 41 ] 
in fluid therapy, 415, 416t 

infusion of in diagnosis of diabetes insipidus, 1505, 15G7f 
for shock, 457 
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Hypertrophic osteopathy, 795, 1242, 1242f 1981-1982, I982f 

H yperuricosuria, 1825-1826 
Hyperventilation, for cerebral edema, 162, 411 
Hyperviscosity syndrome, 743-744, 746, 792 
and epistaxis, 226, 228b 
and nasal discharge, 208b 
neurologic abnormalities in, 155, 216 
polycythemia and, 216 
and retinal vessel changes, 96 
in right-to-left shunting, 1013, 1017 
H ypervitamin osis A, and exostosis in cats, 864, 1986 
Hypervitaminosis D 

and hypercalcemia, 237 

vs. hyperparathyroidism, 1519, 1519t 

and osteoporosis, 1988 
rodentiride toxicosis and, 259 
Hypervolemia 

in hyponatremia, 236f, 238 

iatrogenic, in acute renal failure, 1737-1738, 1744, 1749 
Hyperxanthinuria, 1826 
Hyphema, 93 

Hypoadrenocorticism 

adrenalectomy and, 1603-1604, 1615 

atypical, 120, 1616 
diagnosis of 

clinical findings, 1615*1616, 1616b 
endocrine tests in, 1619-1620, 1620b 
imaging in, 1618-1619, 1619f 
laboratory tests in, 1616-1618, 1617b 

and diarrhea, 139 

and gastric erosion/ulcers, i 316t 
glucocorticoids for, 506 
with hypothyroidism, 1543, 1615 
and megaesophagus, I305t 

and myopathy, 156 

and neurologic disorders, 155, 802 

pathogenesis of, 1613-1615 

and polyuria, 105 

secondary, 1612, 1621-1622 
treatment of, 1620-1621, 1622 
H ypoa lb uminemia 
and ascites 151 

and calcium blood levels, 3514-1515, 1531 
in glomerulopathy, 1788 

in hepatobiliary disease, 1425*1426, 1444 

in hypoadrenocorticism, 1618 
and pleural effusion, 206, 1276, 1278 
in protein-losing enteropathy, 1345 
and pulmonary edema, 1240 

Hypoaminoacidemia, in hepatocutaneous syndrome, 73, 1628 
Hypocalcemia, 237, 1530-1535 

differential diagnosis of, 1530-1531, 1531b, 1532-1533f 
in eclampsia, 451, 1667, 1707 
in hyperthyroidism, 1548, 1556-1557 

in hypoparathyroidism, 1529-1530, 1530t. See also 

H ypopara thyroidism 
and neurologic dysfunction, 803 
in pancreatitis, 1485 

post-surgical, in hyperparathyroidism, 1526-1527 
in ren al failure, 1531, 1769 

signs of 1526b, 1529-1530 
treatment of, 1531-1535, 1533t, 1534t 

and uterine inertia, 1660 
Hypocapnia, in respiratory alkalosis, 400 
Hypocholesterolemia, in hepatobiliary disease, 1429 
Hypochromasia, 1889, 1889f 
Hypochromic microcytic anemia, 1916-1917 
Hypoglobulinemia, in hepatobiliary disease, 1426 
Hypoglossal nerve, 811, 812, 890t 


Hypoglycemia 

dietary management of in insulinoma, 578 
differential diagnosis of, 1561 
in hepatobiliary disease, 1429 
in hypoadrenocorticism, 1618 

insulin therapy and, 1585 

in insulinoma, 578, 1560-1562 
in neonates, 1709 

and neurologic dysfunction, 154, 155, 799b, 800, 841 
in paraneoplastic syndrome, 793 
and polyphagia, 120, 121, 121b, 122 
and uterine inertia, 1662 

Hypogonadism, 1987*1988 

Hypokalemia, 239 

in diabetic ketoacidosis, 425, 1572-1573 

in heart disease, 582 

and hepatic encephalopathy, 1438 

in hyperal dosteronism, 1612 

in hyperthyroidism, 1548-1549 

in metabolic acidosis, 400 
and myopathy, in cats, 907t, 909-910 
and neurologic dysfunction, 801 
and polyuria, 104 

in renal failure, 1747, 1769-1770, 1778-1779 
Hypoluteoidism, 1654, 1657 
Hypomagnesemia, 240 

in diabetic ketoacidosis, 1573 

in bean disease, 582 
and hypocalcemia, 237, 240 
and hypokalemia, 239, 240 
Hypomyehnation, and tremors, 157 
Hypomydinogenesis, 825 

Hyponatremia, 236f 238 
in acute renal failure, 1737 

differential diagnosis of 1617b 

in hypoadrenocorticism, 1615, 1617-1638 
and neurologic dysfunction, 800 
Hypo-osmolality 

in hyponatremia, 236f, 238 

and neurologic dysfunction, 799b, 800 

Hypoparathyroidism, 1529-1535 
clinical signs of, 1529-1530, 1530t 
differential diagnosis of, 1530-3531 
thyroidectomy and, 1556*1557 

treatment of 1531-1535, 1533t, 1534t 

Hypophosphatemia, 237 

causes of 1516b 

in diabetic ketoacidosis, 1573 
and hemolysis, 1906-1907 
in hepatic lipidosis, 1473 
in primary hyperparathyroidism, 1509, 3515 
Hypophysis. See Pituitary 
Hypopigmentation, 60-62, 61 f 

in autoimmune disease, 1882, 1884b 
Hypoproteinemia. See also Hypoalbuminemia 
in glomerulopathy, 1788 
in paraneoplastic syndrome, 792 
in peritonitis, septic* 403 
Hypopyon, 93 

Hyposthenuria, defined, 1721 

Hypotension, 480-483, 48If 482t 
in hypoadrenocorticism, 1619 

measurement of 283 

and syncope, 24, 25f 
and weakness, 29-30 
Hypothalamus 

in appetite regulation, 117, 120 

disorders of 

clinical signs of 814 
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Hypothalamus fCrm rinue^J 

arid polyphagia, 120, 121b 
in endocrine regulation 

and diabetes insipidus, 1502 
and hyperadrenocorticism, 1592 
pituitary regulation by, disruption of, 120 

in thermoregulation, 9, 14, !4f 
Hypothermia, 14-16, 14£ 15f 
in neonates, 1709 
in shock, 419 

H ypothyroidism, 1535-1544 
and anemia, 1911-1912 
and atherosclerosis, 1156-1157 
and cardiomyopathy, 1082 

in cats, 1544 

and cerebrovascular disease, 830 

clinical signs 1537-1538 
congenital, 2651, 1537, 1538, I538f, 1976, I976f 
and dwarfism, 1500 
diagnosis of; 1538-1541, 1540f p 154U 

and diarrhea, 139 
with hyperadrenocorticism, 1597 
and hyperlipidemia, 593 
hypoadrenocorticism with, 1543, 1615 
and infertility, 1537, 1647, 1654, 1681 

and megacolon, 1402 
and myopathy, 156, 904 

neurologic dysfunction in, 155, 801-802, 841, 1537 
peripheral neuropathy, 891, 900 
pathogenesis o£ 1536-1537 

secondary, 1537 
skin changes in, 32, 57t, 62 
in thyroid neoplasia, canine, 1559 
treatment of 1542-1544, 1543f 

Hypotonic fluid therapy, 414 
Hypotrichosis, congenital, 34, 35t, 1168 
H ypo ventilation 
in brai n i njury, 411 
in respiratory disease, 1215-1216 

Hypovitaminosis A, 559, 5731, 1988 
Hypovitaminosis D, 563-564, 573t 
Hypovolemia. See also Shock, hypovolemic 

in acute abdomen, 402, 403 
in hypoadrenocorticism, 1616 
in hyponatremia, 236f 238 
and hypotension, 480, 48If, 482b 
treatment of See Hu id therapy 
Hypoxemia 

blood gas analysis in assessment of, 1239 
in brain injury, 411 

etiology of, 401, 1215 

monitoring of, by pulse oximetry, 401 

and neurologic dysfunction, 154, 155, 798-800, 799b 

in trauma cases, 433-435, 434f 

Hypoxia. See also Ischemia 

effects of, 1207 

and elevation of serum enzyme levels, 1424t 
in neonates, 1709 
and polycythemia, 216 


Ileus, 1340-1341, 1341b, 1349b, 1377 

1MHA. See Anemia, hemolytic, immune-media ted 

Imidacloprid, 65, 254, 255t 

Imidocarb, for protozoal infection, 640t, 1904 
Imipramine, for urinary incontinence, 1873 

Immune complexes, in systemic lupus erythematosus, 1952 
Immune modulators 


for feline immunodeficiency virus infection, 662 
for feline infectious peritonitis, 666 

for feline leukemia virus infection, 658-659 
hyperbaric therapy as, 551 
Immune system 

impairment of, in uremia, 1749 
of large intestine, 1379, 1382 

and inflammation, 1393, 1393£ 1394t 
of neonates, 1709 

of small intestine, 1337-1340, 1339f 

Immune-media ted disorders. See also Autoimmunity; 

specific disorders 


and alopecia, 35 

and anemia. See Anemia, hemolytic, immune-mediated 

and arthritis. See Arthritis, immune-mediated 

and fever of unknown origin, 12, 1958 

and hypopigmentation, 60, 1882, 1884b 

and myopathy, 156, 903-904, 903b 

and neurologic dysfunction, 155, 894-896 

and oral ulcerations, 1295, 1882, 1884b 

and otitis externa, 1171, 1173 

and purpura, 232 

and regurgitation, 131b 

and skin lesions, 57t, 58t, 1882-1885, 1883f 1884-18858 
ulcers, 47b, 50, 1882, 1884b 

and thrombocytopenia. See Thrombocytopenia, 

im mune-m edi a ted 


and vasculitis, 1154 
and weakness, 29 
Immunization. See Vaccination 


Immunoassays, for infectious disease detection, 297*299, 600-603. 

See also Antibody tests; Antigen tests 
Immunocompromised individuals, and zoonosis, 704 

Immun odeficiency 

severe combined, 265t 

canine X-linked, 1941-1942 

in Jack Russell terrier, 1941 
in Shar Pei, 1942 
in weimaraner, 1942-1943 

Immunodeficiency virus infection, feline (TIV), 659-662, 66If 

and anemia, 1915 

and enteritis, 1356 


and mast cell disease, 778 


and neurologic disorders, 829, 839-840 

and polymyositis, 910 
and respiratory disease, 1251, 1278t 
skin changes in, 31, 44 
and sleep disorders, 180 
vaccination for, 6l5t, 661-662 

Immunofluorescent testing, in skin disorders, 1885b 
Immunoglobulin 

and coagulation inhibition, 1936 

human, for hemolytic anemia, immune-mediated, 467, 1901 
in immunoassay testing, 600 
Immunoglobulin A nephropathy, 1794 
Immun oRegulin, See Pmpionibacterium acnes 
Immunosuppression, in feline leukemia virus infection, 657 
Immunosuppressive therapy 

for enteropathy, chronic idiopathic, 1360-1363 
for feline infectious peritonitis, 666 
for glomerulonephritis, 1798 
glucocorticoids for, 504, 507 


IND 


IBD. See Inflammatory bowel disease (IRD) 

Ibuprofen, 510 
Ichthyosis, 55 
Icterus. See Jaundice 
Ifosfamide, 717, 718t, 756 

Ileum, water absorption from, 1337 
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Immunosuppressive therapy (Continued) 
for hepatitis, chronic idiopathic, 1441 
for immune-mediated arthritis, 1963-1964 
for inflammatory bowel disease, 1370, 1396, I397t 
in kidney transplantation, 1753, 1754 

for lymphocytic cholangitis, in cats, 1452-1453 
for perianal fistula, 1417 
for systemic lupus erythematosus, 1957 
Immunotherapy, for hemangiosartoma, 761 

Impetigo, 51,52 

Imprinting, in genetic disorders, 266 

Inborn errors of metabolism, 267, 823-826, 892t 

Incontinence 

fecal, 144, 147, 1419-1420 
urinary. See Urinary incontinence 
1 n dometh a c m, fo r a rteri al thromboembolism, 1101 
Infarction 

of bone, medullary, 1982, 1982f 

intestinal, 1151 
of kidney, 1148f, 1151 
of myocardium, 1082 
of spleen, 1950 

Infectious diseases. See abo Bacterial infection; Fungal infection; 

Parasitic diseases; Protozoal infection; Viral infection; 
specific diseases 
and alopecia, 35t 

and anemia, 1897b, 1902-1904,1915-1916 
and arthritis, 1958-1961 

of bone. See Osteomyelitis 

diagnostic testing for, 297-299, 298f 
PCR tests, 297 
serologic tests, 299, 600-603 

and diarrhea, 1354 
and epistaxis, 228b 

and erosions and ulcers, 47b, 49 

and fever of unknown origin, 12 

and hemoptysis, 231, 231b 

and myositis, 156, 903 

and neurologic disorders, 155, 836b 

and polyarthritis, 84 

and purpura, 232 

and skin masses, 44 

and sneezing/nasal discharge, 208b 

and splenomegaly, 1951b 

and thrombocytopenia, 1923, 19251 

and vasculitis, 1154 

Infectious hepatitis, canine, 606t, 6071, 648-649, 1476 
and chronic hepatitis, 1446-1447 
Infectious peritonitis, feline (FIP), 663-666, 664-665f 

and abdominal effusion, 151, 153 
intestinal form, 1356 
vs. lymphocytic cholangitis, 1452 
and neurologic disorders, 839, 861 
and pericardial effusion, 1109, 1111, 1116 
and polyphagia, 121b, 122 
and respiratory disease, 1251 
vaccination for, 614t, 666 
1 nfertility 

in bitch, 1647, 1680-1685 

abnormal estrous cycle, 1651-1653, 1682 
conception failure, 1683-1684 
failure of copulation, 1651, 1683 
failure to cycle, 1653-1654, 1681-1682 
pregnancy failure, 1656-1657, 1684-1685 

in dog, 1693-1696 

semen evaluation in, 1690-1692, 16911, 1692fi 1693-1694 
hypothyroidism and, 1537, 1647, 1654, 1681 

in queen, 1703-1704 
in tom, 1705 


Inflammation 

and anemia, 1912-1913 
and cachexia, 78, 79 
in shock pathogenesis, 455 

and splenomegaly, 1951 
and weakness, 29 

Inflammatory bowel disease [IBD), 1367-1373, See abo Colitis 
in basenji, 1372 
in cats 

and cholangitis/cholangiohepatitis complex, 1448 
and pancreatic exocrine insufficiency, 1495 
and pancreatitis, 1490, 1491 

diagnosis o£ 1368-1369, 1368C 1369b 
eosinophilic, I368f, 1372-1373 

etiology and pathogenesis of, 1367, 1367b 
food intolerance and, 568 
granulomatous, 1373 

gu t-associ a ted lymphoid tissue and, 1340 

lymphocytic-plasmacytic, 1368ft 1370-1372 
pathogenesis of 1342, 1342t 
treatment of, 1369-1370, 137It 
in wheaten terriers, 1372 
Infusion pumps, 550 

Infusions, constant rate, 544-550, 545t-549t 
Inguinal hernia, uterus in, 1662-1663 

Inhalation therapy, 391-393 
Inherited disorders, 264-268, 265 1 

of bone, 1972-1978, 1974b, 1975-1978F 

of brain, 820-829 

inborn errors of metabolism, 823-826 
malformations, 820-823 
movement disorders, 827-829 
breeding programs for control of, 268 
cardiac malformations, 972, 973t, 977-978 
and cardiomyopathy, 1078-1080, 1087-1088 
and coagulopathy, 1924, 1926t, 1932-1933. See abo 

von Willebrand disease 
control ofj in breeding programs, 268 
and deafness, H85-1186, 1185b 
diagnostic tests for, 267-268 
of kidney, 265t, 1819-1824, 182It 

and chronic renal failure, 1762, 1762b 
glomerulopathies, 1787t 
and nephritis, 1796 
and myopathies, 903b 

of peripheral nerve, 8921 
of spinal cord, 846-847b 
and th rombocytopathia, 1924, 1926t 
Inotropic agents, for congestive heart failure, 952, 958-961, 

968-969 

Insect bites, and dermatitis, 11 70 
Insect bites, venomous, 249 

Insect development inhibitors, 65 
Insect growth regulators, 65 

Insecticides. See abo Carbamate insecticides; Organ ©phosphate 

insecticides; Pyrethrin/pyrethroid insecticides 
for ascariasis, 41,67 
in flea control, 64-65 
for pediculosis, 68 
in tick control, 68 

toxicity of, 124, 254, 25St, 259-260 
Insemination, artificial See Artificial insemination 

Insulin 

antibodies to, in diabetes treatment, 1589 

constant rate infusion of, 5471 

with dextrose, for hyperkalemia, 449, 1746, 1746t 

for diabetes mellitus, 1572b, 1573-1574, 1576-1577, 1586-1589. 

See abo Diabetes mellitus 
for diabetic ketoacidosis, 426f, 427 
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Ipratropium bromide, for bronchopulmonary disease, 392 
Iris, as indicator of neurologic disease 94 
Irish setter 

gluten-sensitive enteropathy in, 1364 
leukocyte adhesion deficiency in, 1939 
Irish wolfhound, dilated cardiomyopathy in, 1079 

Iron 


Insulin (Continued) 

in insulinoma, 1560, 1561-1562 
overdosage o£ BOO 
in parenteral nutrition, 588 
resistance to 

in acromegaly, 1499 

in diabetes mellitus, 1564, 1565-1566, 15G6f, 1589, 1590b 

in hepatic lipidosis, 1439 

hype radrenoco rticism and, 1610 

obesity and, 578 

in pregnancy, 1657 

Insulin glargine, in diabetes mellitus, 1576, 1 5881 
lnsulin-like growth factor, in pyometra, 1676 
Insulinoma, 1560-1563, 156 It 
dietary management o( 578 
glucocorticoids for, 507 
and insulin secretion, 1560-1563 
and neurologic dysfunction, 800, 841 
and polyphagia, 120, 121, 122 
Intention tremor, 806, 812 

1NTERCAT, for feline leukemia virus infection, 659 

Interdog aggression, 185 

Interestrous interval, of queen, 1697, 1698 

Interferon 

for canine parvovirus infection, 1355 

for feline immunodeficiency virus infection, 662 

for feline infectious peritonitis, 666 

for feline leukemia virus infection, 658, 659 
Interleukins 

a nd fever, 10, lit 

in heart failure, 932 
and weakness, 29 
Interstitial cell tumor, 1696 
Intertrigo, 49 

Intervertebral disk disease, 864-869, 865f, 867f 
vs. acute abdomen, 402 
clinical signs of 866 
diagnosis of, 866-867 
etiology and pathogenesis, 864-866 
in lumbosacral stenosis, 870 
treatment of 867-869 

Intestinal parasitism 

and failure to grow, 80, 82 
and hematochezia, 14 lb 
and melena, 142b 
and polyphagia, 121, 121b 

and pruritic dermatitis, 4Qt, 41, 69-70 
Intestinal tract. See Gastrointestinal tract; Large intestine; 

Small intestine 

Intra-arachnoid cysts, spinal, 879-881, 8S0f 
Intracranial hemorrhage, 830, 841 
Intracranial neoplasms, 830-835, 83It, 842 

Intracranial pressure, increased 

effects of, 803 

in head trauma, 409-410 

and stupor/coma, 161 

Intradermal testing, in pruritic dermatitis, 43 
Intraosseous fluid administration, 1713 
Intrapericardial cysts, 1107 
Intraperitoncal fluid administration, 1713 
Intrinsic factor, in oobalamin absorption, 1311, 1335f 

Intussusception 

enterocolic, 1400, 1400f 

gastroesophageal, 1310 
intestinal, parvovirus infection and, 647 
Iodine 

in diet, and feline hyperthyroidism, 1545 
radioactive, for hyperthyroidism, 358-359, 1557-1558 
stable, for hyperthyroidism, 15541, 1556 


deficiency of 

and anemia, J/Bi, iH»y-i»yu, iyiz, 1^131 
gastrointestinal ulceration and, 576-577 
small intestinal disease and, 1344 
hepatic accumulation of, 1443, 1469 
metabolism o£ 1912 
serum concentrations of t 1890, 1912 
supplementation of, 1781, 1890 
toxicosis from, 244, 261 
Iron dextran complex, 1890 

Iron sulfate, for oral iron supplementation, 1781, 1890 
Irritable bowel syndrome, 568, 1371t, 1378, 1378b, 1406 
Ischemia 

in acute renal failure, 1732, 1736, 173 8f 

in feline neuromyopathy, 911-912 

and neurologic dysfunction, 798, 799b, 881 
and p ancfeatitis, 1484 
in renal disease progression, 1772 
Islet celb, pancreatic 

in diabetes mellitus, 1563-1567, 1566f 
neoplasms of. See Insulinoma 
Isoerythrolysis, neonatal, 1901-1902 
Isoflurane, for pediatric spay/neuter, 1668t 
Isopropyl alcohol, for otitis extern a, II 77t 
Isoproterenol, for arrhythmia, 54 71, 1056t, 1072 
Isosorbide dinitrate, for congestive heart failure, 967 
Isospom infection, 1359, 1385t, 1388 
Isosthenuria, 104, 1721 
Isotonic fluid therapy, 414, 414f 
Itching. See Pruritus 
Itraconazole, 673-674, 689t 
for blastomycosis, 679 
for coccidioidomycosis, 693 
for cryptococcosis, 685 
for histoplasmosis, 681-682, 1389 
for nasal aspergillosis, 697 
for nervous system infections, 840 
for pythiosis, 688, 1389 

for urinary tract fungal infection, 1808 
Ivermectin 

adverse reactions to, 66, 124, 243, 265t, 11 29 
for QapiUaria infestation, 1872 
as heartworm adultidde, 1128, 1136 

in heartworm prophylaxis, 1125, 1126t, 1139-1140, 1144t 
for lungworms, 1222, 1256 
for mange, 66, 67 
for microfilaremia, 1129 
for otitis externa, 11771, 1178 
Ixodes ticks, 69t 

as disease vector, 68, 619, 634 
in tick paralysis, 248, 893 


Jack Russell terrier 

hereditary ataxia of, 864 
severe combined immunodeficiency in, 1941 
Japanese showy lily, toxicity o( t 244, 253 
Jaundice, 222-225, 224£ See also Hyperbilirubinemia 

in hemolytic anemia, 1891 
in hepatobiliary disease, 1422, 1427-1428 
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Jaw, disorders of, and ptyalism, } 23, 126 
Jaw drop, acute, 175-176, 900 
Jej unostomy, feeding via, 598 
Jejunum, water absorption from, 1337 
Jequirity bean, toxicity of 252 
Jimsonweed, toxicity of 253 
Joints 


Kidney (Continued) 

infarction of 1148f 1151 
infection of See Pyelonephritis 
neoplasms of, 2651, 268, 784 
protein filtration and absorption by, 114 
radiography of 1728 

scintigraphy of 354t, 369-374, 372f 373f 

toxicity to. See Nephrotoxicity 

transplantation of 268, 1751, 1752-1756, 1753b 

ultraso nograph y of 1728-1729 
Kidney disease. See also specific disorders 

amyloidosis and, 115, 1794-1795, 1975f 

borreliosis and, 620 

defined, 1736, 1757 

drug dosage adjustments in, 530t, 1775-1776, 1776t 
evaluation of 

bacterial culture in, 1727-1728, 1728l 
biopsy in, 1729-1730,1730f 

clinical findings, 1716-1717, 1717f 

glomerular function tests in, 1717-1720, 1718f 17l9t 

radiography in, 1728 

scintigraphy in, 354t, 369-374, 372f 373f 
tubular function tests in, 1720-1722, I720t 
ultrasonography in, 1728-1729 
urinalysis in, 1722-1727, 1723-1727f 1723t 
a nd fail ure to grow, 80b, 82 
glomerular disorders in. See Glomerulonephritis 
hypertension and, 474-475, 476f, 1737, 3761-1762, 1770-1771 
inherited, 265t, 1762, 1762b, I787t, 1796, 1819-1824, 182It 
microalbuminuria as predictor of 116, 1720 
multiple myeloma and, 744, 746 
and polycythemia, 216 

progression of 1770-1772, 3773b, 1784-1785 
and proteinuria, 115, 115t, 116, 1761, 1788 
pyometra and, 1677 

staging of 1757-17 58b, 1758-1762, 1759-176 If 

systemic disease and, 1732b, 1734 
systemic lupus erythematosus and, 1953 

and uremia, 1732b, 1733-1734 

Kidney failure See also Uremia 

acute, 1731-1751 

causes of 1731-1734, 1732b, 1733b 
clinical consequences of, 1736-1739 
diagnosis of, 1739-1742, 1740f I742f 

differential diagnosis of 244 
emergency treatment of 447-449, 448f 
heatstroke and, 437 
hypocalcemia in, 1531 
leptospirosis and, 447-449, 617 

management of 

diet in, 585, 1749 
diuretic therapy in, 1744-3745 
electrolyte disorders in, 1 745-1 747, 1 746t 
fluid therapy in, 1743-1744 
renal replacement in, 1750-1751, 1750b 
in uremic syndromes, 1 747*1749, I748t 
pathophysiology of 1734-1736, 1735f 1738f 
prevention of 1743, 1743t 
prognosis for, 1751 
toxicosis and, 244, 250 

acute vs. chronic, differentiation of 1717, 1740 
calcium disturbances and, 236-237, 1518 

chronic, 17564785 
and anemia, 3910-3913 
causes of 1762-1763, 1762b 
clinical consequences of 1764-1772, 1764b 
comorbid conditions in, 1764b, 1772 

diagnosis of, 1757b, 1772-1773, 1773b 
hyperparathyroidism in, 1767-1768 


arthrocentesis of See Arthrocentesis 

bacterial infection of 83, 87f 1958-1960, 1959f 
diagnosis of scintigraphic, 365 
treatment of 503, 1959-3960 

degenerative conditions of See Osteoarthritis 
inflammatory conditions of See Arthritis 
neoplasms of 772-773 
Jugular pulse, 204 
Jugular vein 

catheterization of 293-294, 293b 
distention of 204, 206 
venipuncture of 387f 388 
Juvenile cellulitis, canine, 44, 1171 
Juvenile vaginitis, 1687 


Kalanchoe, toxicity of, 251 
Kanamycin, dosage of in renal failure, 1776t 
Kaolin-pectin, for acute gastritis, 1316 
Kaon Elixir, for hypokalemic myopathy, 909 
Kartageners syndrome, 1190, 1237 
Kayexalate, for hyperkalemia, 1746t 
Kennel cough. See Tracheobronchitis, infectious 

Keratinization defects 
and otitis externa, 1173 
and pinna! dermatosis, 1171 
scales and crusts in, 58t 

Keratoconjunctivitis sicca, 93 
Keratoses, 44, 46 
Ketamine, 24, 54 7t, 1668t 

Ketoacidosis. See Diabetes mellitus, with ketoacidosis 
Ketoconazole, 673-674, 689t 

adverse reactions in cats, 53 2t 
for blastomycosis, 679 
for coccidioidomycosis, 693-694 
for cryptococcosis, 685 
for histiocytosis, 782 

for histoplasmosis, 681 -682, 1389 

for hyperadrenocorticism, 1608, 1612 
for menin gomyeli tis, 853 
for nasal aspergillosis, 697 
for perianal fistula, 1417 
for sporotrichosis, 686 

Ketonuria, 424, 1568, 1722 
Ketoprofen, 510, 519t, 520, 763t 
Ketorolac, 519t, 5 21 

Kidney. See also Glomerulus; Renal tubules 
aspirate cytology of 304 

biopsy of 1729-1730, 1730f 
in acute renal failure, 1741 
i n glomerul op athy, 1789-1790 

ultrasound-guided, 273 

carcinoma of and nodular dermatofibrosis in German shepherd 

dog, 32, 43, 265t* 268, 794 

disorders of See Kidney disease 
drug excretion by, 496 
dysplasia of, 1819-1820 

erythropoietin production in, 216 

failure of See Kidney failure 

in hypertension development, 473, 475, 476f 
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Kidney failure (Continued) 

hypocalcemia in, 1531 
and isosthenuria, 104 
laboratory findings in, 1768-1770 
management of, 1773-1785 
anemia, 1781-1 783 
dehydration, 1778 

diet in, 584-585, 584t, 1774-1775,1777 
drug dosage in, 1775-1776, L776t 
hyperphosphatemia, 1776-1778, 1783-1784 
hypertension, 1780-1781, 1784-1785 
limi ting progression, 1784-1785 
metabolic acidosis, 1779-1780 
potassium depletion, 1778-1779 
transplantation in, 1752-1756, 1753b 

overview, 1756-1758 
patient monitoring in, 1785 

progression of, 1770-1772, 1773b, 1784-1785 
and renal osteodystrophy, 1985-1986 
signalment in, 1762 

uremia in, 1757-1758, 1764-1767 
defined, 1716, 1757 
dialysis in r 352-353, 1750-1751, 1750b 

and diarrhea, 139 
and gastric erosion/ulcers, 1317 
hyperthyroidism and, 1546, 1548-1549, 1558 
oral ulcers in, 50, 1717, 1747, 1765 

Kittens. See also Neonates 

diet for, 561-562 

early neutering of, 1667-1669 
fading kitten syndrome, 267 
hand rearing of, 562 

Klebsiella infection, and pyothorax, 1280t 
Klebsiella pneumoniae, antibiotics for, 499 
Krabbe-type globoid cell leukodystrophy. See Globoid cell 

1 eukodystroph y 


Laparoscopy (Continued) 

equipment and technique, 342 
for liver biopsy, 342-343 
surgical procedures, 343 
Laparotomy, in artificial insemination, 282, 338 
Large intestine. See Anus; Cecum; Colon; Rectum 
Larva migrans, zoonotic, 703 
Laryngeal disorders 

and aspiration pneumonia, 1259 
clinic aJ signs of, 1213 
collapsing trachea and, 1224-1225 
physical examination in, 1207 
Laryngeal nerves, disorders of, 892t 
Laryngectomy, for laryngeal paralysis, 1202 
Laryngitis, 3203-1204 
Laryngoscopy, 1197-1198, 1213 
Larynx 

anatomy and physiology of, 1196-1197, 1203f 
diagnostic procedures, 1197-1198 
examination of, 1197-1198 
innervation of 811 
neoplasms of 1202, 1202f 

obstructive inflammation of 1203-1204, 1204f 
paralysis of, 1201-1202, 1537 

Lasalocid, toxicity of, 893t 
Lateral saphenous venipuncture, 387, 387f 
Laxatives, 511, 1404-1405, 14G4t 
Lead toxicosis, 260*261 - 

and bone disease, 1988, 1989f 
and megaesophagus, 1305t 
and neurological disease, 242, 8931 
Leflunomide 

for arthritis, 1964 
for histiocytosis, 782 

Legg-Calve-Perthes disease, 367-368, 1980-1981, 1981f 

Leiomyoma, of vagina, 1609 

■ 

Leiomyosarcoma, 756 

gastric, 1330-3331 
oflarge intestine, 1399 

of vagina, 1609 

Leishmaniasis, 640t, 644 
and arthritis, 3 960 
skin lesions in, 33, 35t, 60, 62 


Labetalol, for hypertension, 478 

Labor. See Parturition 

Labrador retriever, myopathy of 905 

Lactate dehydrogenase, isoenzymes of in cardiovascu 1 ar disease, 

940-941 


Lens 


cataracts of 94, 96b 
dislocation of, 94 
disorders of 

and acute vision loss, 96b 
systemic disease and, 94 

Lente insulin, in diabetes mellitus* 1576, 1576t, 1588f 

Leproid granuloma, canine, 1171 

Leprosy, feline, 622-625 
Leptocytes, 1889 

Leptospira serovars, 616, 618 
Leptosp irosis, 616-619 
in cats, 618 
coagulopathy in, 617 

hepatitis in, 1441, 1447 
myositis in, 903 

renal failure in, 447-449, 617, 1734, 17414742 

vaccination for, 610t, 618 

zoonosis, 618-619, 703-704 
Lethargy, 28 

Leukemia 

acute lymphocytic, 656 

acute nonlymphoid, 656 

chronic lymphocytic, 656-657 

feline immunodeficiency virus infection and, 660 

feline leukemia virus infection and, 656-657 


Lactation 

in bitch, 1666-1667 
diet in, 556, 557 

and polyphagia, 120, 121b 
in pseudopregnancy, 1655 
in queen, 1706 
Lactose intolerance, 567 
Lactulose 

for constipation, 1404, 1404t, 1405 
for hepatic encephalopathy, 1439 
for hepatoencephalopathy, 442 
Lagemdiosis, 688-689, 688f 
skin lesions and, 31 
Lameness. See also Bone; Joints 

acupuncture in management of 534t 
examination for, 6, 8 

inflammatory joint disease and, 83*87, 85f 

Lamina propria, of small intestine, 1332, 1334f 1338 
Laminin <x2 deficient myopathy, 907t, 909 
L anger bans' cell histiocytosis, 779, 780 
Laparoscopy 342-343 

for abdominal tumor biopsy, 343 
in artificial insemination, 281-282, 338 

in biliary tract disease, 1479 
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Leukemia (Continued) 
lymphoblastic, acute, 741 
lymphocytic, chronic, 741-742, 74 If 792 
nonlymphoid, 743 

Leukemia virus infection, Feline (FeLV), 653-659 
and anemia, 656, 1915, 1916 
clinical disease syndromes, 655-657 

diagnosis of 603,653-654 
and enteritis, 1356 
epidemiology of, 653 

and infertility, 1704 

and lymphoma, intestinal, 1399 

and multiple cartilaginous exostoses, 772 

pathogenesis of 654-655 

prevention of 6141, 655 

and respiratory disease, 1251 

skin lesions in, 31,44, 56t 

treatment of 657-659 

Leukocyte adhesion deficiency, 265t, 1939 
Leukocyte-reduced packed red blood cells, 466 
Leukocytes. See also specific cell types , e.g , N eutrophils 

disorders of 1937-1943 

in urine. See Pyuria 
Leukocytosis 

in neoplasia, 791 
in pyometra, 1678 

Leukoderma, 60 

Leukodystrophy, globoid cell, 265t, 862 
Leukoencephalomyelopathy of rottweilers, 870 
Leukoencephalopathy, 825-826, 825f 
Leukopenia, systemic lupus erythematosus and, 1954 

Leukotrichia, 60 

Leukotrienes, in shock, 213t 

Leuprolide, for temporary sterilization, 1671 

Levamisole 

for A ngiostrongylus uasorum infestation ,1256 

for immune-mediated arthritis, 1964 
for systemic lupus erythematosus, 1957 
Levothyroxine, for myxedema, 802 
L-form bacterial infection, and arthritis, 1960 
LH. See Luteinizing hormone (LH) 

Lhasa apso, inherited renal disease in, 1823 

Libido, lack of, in tom, 1705 

Lice, skin infestation by. See Pediculosis 

Lichenoid dermatitis, 44 

Licorice extract, 525 

Lidocainr 

for arrhythmia, I057t, 1071, 1320 
for cardiomyopathy, feline, 1098 
for cardiopulmonary resuscitation, 408t 

constant rate infusion of 547t 
for ventricular arrhythmias, trauma-induced, 463 
Ligneous conjunctivitis, 93 
Lignocaine, adverse reactions in cats, 532t 

Lilies, toxicity of 244, 245, 251, 253 

Limbs 

anomalies of, 1970-1972, 197If 1972f 

examination of 8-9 

lymphedema of and neoplastic masses, 1164 

pelvic, tremors in, 157,158 

shortening of, in skeletal dysplasias, 1973-1975, 1974b, 1975f 
sparing of in osteosarcoma treatment, 764-765, 764f 
Lime sulfur, For ectoparasites, 66, 67, 68 
D-Limonene 

in flea control, 64-65 
and ptyalism, 124 

toxicity of, 2 5 6 
Lin aloof 64-65, 256 

Linoleie acid, dietary requirement for, 560 


Lipase enzymes, in lipid metabolism, 593 
Lipase, serum, in pancreatitis, 1485, 1489 
Lipids 

blood level of increased. See Hyperlipidemia 
in diet. See Fat, dietary 

metabolism of 592-593, 592f 
in paraneoplastic syndrome, 790 
in parenteral nutrition, 588 
small intestinal absorption of 1335 
Lipiduria, and urine color, 112t, 114 
Lipofuscinosis, ceroid, 826 
a-Lipoic acid, as antioxidant, 523 
Lipoprotein lipase deficiency, in cats, 1470 

Lipoproteins, metabolism of, 592-593, 592f 

Liposarcoma. See Sarcoma, soft tissue 
Lips, disorders of 1294-1295 
Lisinopril, for cardiomyopathy, 1080 

Lithotripsy, for urolith removal, 1857-1858, 1857f 1879 
Litter-box training, loss of, 187 
Liver. See also entries at Hepatic 

abscess of 441-442, 1441 r 1475*1476 
amyloidosis of 1469-1470 

arteriovenous fistula in, 1158 
bilirub in excretion by, 223, 1891 

biopsy of 1429-1430 
laparoscopic, 342-343 
in portosystemic shunts, 1456, 1456t 
ultrasound-guided, 272, 1430 

cirrhosis of 

and ascites, 151 
development of 1445 
dietary management of 576-577 
and edema, 7It 

skin lesions in, 50 

cytology of 303-304, 304f 
disorders of. See Liver disorders 
drug excretion by, 496 

drug metabolism by, 494, 495*496 

failure of See Liver failure 

fibrosis of, 1437, 1445. See also Cirrhosis 

glycogen accumulation in, 1471 

infections of 14744476, 1475b 

inflammatory disease of See Hepatitis 
inherited disorders of 265t 
lipidosis of. See Hepatic lipidosis 
microscopic anatomy of, 1464f 
neoplasms of 304, 1476-1478, I476t 
and hemoperitoneum, 440-441 
and hypoglycemia, 1429 
sonographic appearance of 1434 
nodular hyperplasia of 1477 

rupture of 440-441 

torsion of lobe, 441 

toxicity to. See Hepatotoxicosis 

vascular diseases of 1453-1464, 1460f 

Liver disorders. See also specific disorders, e.g, Hepatic lipidosis 
and acute abdomen, 402t 
acute, differential diagnosis of 244 
and adverse drug reactions, 530t 
and ammonium biurate cry stall uria, 1429, 1726, I726f 

and ascites, 151 

breed predilection for, 1422 

clinical signs of, 1422-1424, 1423t 

and coagulopathy, 1935 

diagnostic algorithm for, 1431-3433f 

dietary management of, 574-577 

and edema, 711 

and failure to grow, 80b, 82 

and gastric erosion/ulcers, 131 fit, 1317 
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Liver disorders (Continued) 

in heatstroke, 438 

and hepatocutaneous syndrome, 73-74, 1627 

hyperlipidemia and, 1470 

and jaundice, 223, 224f, 225 

laboratory tests in, 1424-1430 
for bile adds, 1428-1429 
for bilirubin, 1427-1428, 1429 

for blood ammonia, 1427 

for carbohydrate metabolism, 1429 

for enzymes, 1424-1425, 1424t 
for hematologic abnormalities* 1429 
for lipid metabolism, 1429 

fo r plasma proteins, 1425-1427 
for serum urea nitrogen, 1429 
in Ieptospirosis, 617, 1441, 1447 
and melena, 142 

metabolic disease and, 1467-1473, 1471b, !474t 

and osteodystrophy, 1988 

portosystemic shunts and. See Portosystemic shunts 

skin lesions in, 50, 73, 1422 

storage disorders and, 1473-1474, !474t 

trea tment of 1435-1442. See also specific disorders 

for ascites, 1438-1439 
drugs for, 1435-1438 
for e n cephalop athy, 1439-1440 
and urate urolithiasis, 1825-1826, 1865 
Liver failure 

acute, 442 

and diarrhea, 137-139, 140 
dietary management of, 576-577 

and polyuria, 104 

Liver fluke, and lymphocytic cholangitis, 1442 

Lizard bites, 250 

Local anesthetics, in pain management, 23, 24, 463 

Lockjaw, 904 

Lomustine 

in chemotherapy, 718, 718t 
for mast cell tumor, 776 
side effects of, 7111 

Loperamide 

for di arrhea, 510 

for diarrhea, in histoplasmosis, 682 
for inflammatory bowel disease, 1396 
Lovastatin, for hyperlipidemia, 594-595 
Lufen uron 

adverse reactions to, 254, 2551 
as antifungal agent, 675, 689t, 694 
in flea control, 65 
mode of action, 255t 

Lumbar spina! stenosis. See Lumbosacral vertebral canal stenosis 
Lumbosacral spondylolisthesis. See Lumbosacral vertebral 

canal stenosis 

Lumbosacral vertebral canal stenosis, 870-872, 872f 873f 
Lung. See also entries at Pulmonary 
asp irate cytology o f, 302-303, 303f 

biopsy of, 344-345 
contusions of 435, 446 
cystic-bullous disease of 1258-1259, 1258f 
and pneumothorax, 1282-1283 
edema of. See Pulmonary edema 
fibrosis of 1264-1265, 1264f 
fine needle aspiration of 344 
injury of acute, 446 

mineralization of 1264, 1264f 
neoplasms of 

adenocarcinoma, 303£ 

metastatic, 364, 367f 1245-1247, 1246f I247f 
primary, 1241-1244, I243-1246f 


Lung (Continued) 

torsion of lobe, 1263-1264 
trauma to, 1259-1262 

Lung disorders 

alveolar proteinosis, 1265-1266 

and cyanosis, 219, 220b 

diagnosis of 1210, 12106,1239-1240 

emergencies, 443-446, 444f, 445f 

and hemoptysis, 230-231, 231b 

hypersensitivity reactions, 1256-1258, 1257f 

infectious. See also Pneumonia 

bacterial, 1247-1251, 1248f 1250t 

fungal, 676, 680, 691, 1252-1254, 1253£ 1254f 

parasitic, 190, 1221-1222, 1254-1256 

protozoal, 1252 
rickettsial, 1251 
viral, 1251 

lobar consolidation, 1265, 1265f 
in near drowning, 1260-1261 
pneumonia, endogenous lipid, 1266 

in smoke inhalation, 1261-1262 
vasculitides and, 1258 

Lungworm infestation, 190, 1221-1222, 1254-1256 
Lupus erythematosus cell preparation, 1955 
Lupus erythematosus, discoid, 55, 57t, 60 
Lupus erythematosus, systemic, 1952-1957 
clinical findings in, 1953-1954, 1953t 
diagnosis of, 1954-1957, 1954t, 1955t, 1956t 
hypopigmentation in, 60, 62 
management and prognosis, 1957 
and megaesophagus, 1305t 
and neurologic disorders, 155 

pathogenesis, 1952-1953, 1953b 
and polyarthritis, 84 

and purpura, 232 
skin lesions in, 31-32 
Lusitropy, 919 

Luteal phase, of estrous cycle, 1644-1645 
Luteinizatkm, pre-ovulatory, 1642 
Luteinizing hormone (LH) 
in anestrus, 1645, 1650 

canine estrous cycle, 1640, 1640f 1642, 1643f I644f 
in feline estrous cycle, 1700 

and timing of mating, 1649, 1683 

Lyme disease. See Borreliosis 
Lymph nodes 

abdominal, biopsy of ultrasound-guided, 273 
disorders of 1146b, 1161 -1165 
enlargement of. See Lymph adenopathy 
evaluation of r in skin neoplasia, 46 
in oral neoplasia staging, 1293-1294 
peripheral 

aspiration of 345, 346f 
biopsy of, 345-346, 347f 

popliteal, dysplasia of, 1163, 1163f 

Lymphadenitis, 1146b, 1161-1162 

Lymp h adenopathy 

in blastomycosis, 676 

and dysphagia, 131b 

hilar, and bronchial compression, 1238 

in 1 agenidiosis, 688 

mediastinal, 1269, I269f 1270b 
in sporotrichosis, 686 
sublumbar, 1164, 1817, 18l8f 
Lymphangiectasia, 1373*1375, I373f 1374f 

and polyphagia, 121, 121b 

Lymphangiography, 1146, H63f 

Lymphangioma, 1165 

Lymph angiosarcoma, 1165, I165f 
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Lymphangitis, 1146b, 1161-1162 
Lymphatic system 

anatomy and function of, 1160-1161 

disorders of 1145b, 1146b, 1161-1165 

dysplasia of, congenital, 1162-1163, 1163f 
neoplasms of, 1165, 1165f 
Lymphedema, 1146b, 1162-1165, 1163-1165f 
Lymphoblastic leukemia, acute, 741 
Lymph ocytes 

in colonic mucosa, 1379 

in gut-associated lymphoid tissue, 1337-1340, 1339f 
in systemic lupus erythematosus, 1952 
Lymphocytic cholangitis, and polyphagia, 121b, 122 

Lymphocytic cholangitis, in cats, 1448-1450, 1449t, 

1451-1453, 14521" 

Lymphocytic leukemia, chronic; 741-742, 74If, 792 
Lymphocytic portal hepatitis, 1448, 1449 
Lymp hocyti c -pi as ma cytic e nteri tis, 1368 f 1370-1372 
Lymp hocyti c-p] asmacytic synovitis, 84 
Lymp hograph y, 1164 

Lymphoma, 732*741 

of central nervous system, 738, 784, 834, 838f 841 

and chylothorax, 1281 

classification of, 732-733, 733t 

clinical presentation, 733-734, 733t, 734f 

cutaneous, 50, 58t, 60, 62, 739 

diagnosis of 734*736, 735f 736t 

epidural, 874 
etiology of, 732 

feline immunodeficiency virus and, 660 
feline leukemia virus and, 656 

glucocorticoids for, 507 
hepatic, 1434, 1478 

and hypercalcemia, 1519, See also Hypercalcemia of malignancy 

of large Intestine, 1399, 1413 
mediastinal, 1270 

paraneoplastic syndrome in, 790, 793 

and pericardial effusion, 1116 
peripheral nerve infiltration by, 897 
prognosis for, 739-741,739t, 740f 
renal, 784 

and respiratory disease, 123Gf 1246 

of small intestine, 1343, 1375, 1376f 
of stomach, 1330, 1331, 133 If 

thymic, aspirate cytology of, 303 

treatment of 715b, 719f 736-739, 73 7t, 738t 
Lymphomatoid granulomatosis, 1246*1247, 1269 
Ly m p h op l asm acytic gastritis, 1322, 1322f 1325, 1330 

Lym ph op roliferati ve disorders, and anemia, 1915 
Lymphosarcoma. See Lymphoma 
Lynxacarus radovskyi mite infestation, 67, 69t 
Lysosomal storage disease, 826, 1943, 1973 


Magnesium (Continued) 

in calcium oxalate urolithiasis, 1859 
deficiency of and hypocalcemia, 1 530 
in heart disease management, 582 

metabolism of 240 

Magnesium sulfate, 408t, 547t 
Magnetic resonance imaging (MR1) 
in bone disorders, 1969 
in brain disorders, 819-820, 819f 832 
in cardiomyopathy, feline, 1093, 1093f 
in congenital heart disease, 975-976 
in ear disease, 1 172 
in hyperadren ocorticism, 1603, I604f 
in nasal sinus disease, 1188*1189, 1189f 
in peripheral vascular disorders, 1146 
in portosystemic shunts, 1458 
in prostatic disease, 1813 
in respiratory disease, 1213 
Maine coon cats, cardiomyopathy in, 1087-1088 
Malabsorption 

dietary management of, 571-572 
and polyphagia, 121, 121b, 122, 123 
in small intestinal disorders, 1344, 1344t 

tests for, 1349-1350 

Malassezia dermatitis 
and body odors, 91 
erosions and ulcers in, 49 
management of 43 
and otitis externa, 1174, 1178, 1179 
pruritus in, 38, 39, 40, 4Qt 

scales and crusts in, 56t 
Malassimilation. See Malabsorption 
Malignant hyperthermia, 12, 907t 
Malignant nerve sheath neoplasm, 874, 896-897 

Malnutrition, 7It, 554-555, 574 
Malonic aciduria, 823 

Maltese dog 

idiopathic encephalitis of 829 
postprandial bile acids in, 1428 
Mammary gland. See also Lactation 

of bitch 


abeessation of 1667 
de velopme nt of, 1644 

disorders of 1666-1667 
infection of See Mastitis 
neoplasms of 44, 788-789, 788f 1703 
of queen, 1697 

hyperplasia of 1703, 1703f 


Mandible 


giant cell granuloma of 1883 

neoplasms of 768 

osteodystrophy of renal, 1986 

osteopathy of with cranial osteopathy, 1976-1978, 

1977f 

Mange. See Mite infestation; specific types of mange 

Mannitol 

for acute renal failure, 447, 1745 

for cardiopulmonary resuscitation, 408t ( 409 

for cerebral edema, 162, 411 
constant rate infusion of 548t 
Manx cats, sacrocaudal dysgenesis of 879 
Marijuana toxicosis, 242, 253 
Mass lesions, of skin, 43-46, 45f 672t. See also Skin, 

neoplasms of 

cytology of 305-307 

Mast cells 

in anaphylaxis, 458-459 
biology of 773*774 

in small intestinal mucosa, 1338 


Ma huang, toxicity of 526b 
Macadamia nut toxicosis, 243, 250-251 
M acrocytosis, 1916 

Macrohde antibiotics. See also specific drugs 
adverse reacti ons to, 1129 
as heartworm adulticide, 1128, 1136 
in heartworm prophylaxis, 1122, 1125-1127, 1126t 
in cats, 1139-1140, 1144t 
for microfilaremia, 1129 
Macrophages, in small intestinal mucosa, 1338 
Magnesium 

blood level of decreased. See Hypomagnesemia 
blood level of increased, 1769 
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Mast cell tumor, 773-778 
biologic behavior of, 774-775 
in cats, 773, 778 
eosinophilia in, 791 

and gastrointestinal ulceration, 794, 1319 
of prepuce, 786 

and pruritus, 46 

and small intestinal disease, 1342 
staging of 774-775, 775b 
treatment of, 722t, 73If 775-778, 777f 
Masticatory muscle myositis, 903-904 
Mastitis, acute, 450t, 451, 1666-1667, 1707 
Mastocytosis, 1316t 
Masturbation, 1704-1705 
M a tin g 

failure of 1683 

timing of 1647, 1649, 1683-1684 

Maxilla 

giant cell granuloma of 1883 
neoplasms of 768 
osteodystrophy of renal, 1986 

Mayo Clinic customer service, 486-489, 487b 
Mean electrical axis, cardiac* 1043-1045 
Measles vaccine, 605t 
Mebendazole 

and hepatotoxitity, 1467 
for intestinal parasitism, 1359t 
Mechlorethamine, in chemotherapy, 718, 7l8t 
Meclizine, as antiemetic, 510 
Medetomidine, for pain, 23 
Medial saphenous venipuncture, 387-388, 387f 
Median nerve, functional evaluation of 889t 
Mediastinum 

air in, 463, 1267-1268, 1268f 

tracheal trauma and, 1232, 1232f 
anatomy of 1266 

cysts of 1268*1269, 1269f 

disorders of, diagnosis of 1210, 1266-1267 
hemorrhage in, 1268, 1270 

inflammation of 1268 

masses of, 1269-1270, 1269f 1270b 
neoplasms of 1230f 1270 
Medical records, 9, 488 
Medications. See Drugs 
Medullary bone infarction, 1982, I982f 

Megacolon, 144, 1400-1406, 1403f 1406f 

medical m an a gement of, 1403-1406, 1403f 14Q4t 
surgery for, 1406, 1407 

Megaesophagus, 1304-1306, 1305f 1305t, 1308f 
in dysautonomia, 899 
in hypothyroidism, 1537 

in myasthenia gravis, 895 
and polyphagia, 121, 121b, 122, 123 
and ptyalism, 123 
Megestrol acetate 

adverse reactions in cats, 532t 
for anorexia, 118, 717 

for contraception, 1671 

Meglumine antimonite, for protozoal infection, 640t 

Melanoderma, 60 

Melanoma 

cutan ecus, 7 51 

malignant, of oral cavity, 1290-1291, 129If 1294 

Melanotrichia, 60 

Melarsomine, for heartworm disease, 1127-1128, 1127t, 1142 
Melatonin, in feline estrous cycle, 1 700 
Melena, 141-142, 142b, 143f 
in hepatobiliary disease, 1423 1 

in small intestinal disease, 1344, 13451 


Melioidosis, 700 
M eloxicam 

for analgesia, in bone neoplasia, 763t 

for lameness, in systemic lupus erythematosus, 1957 

for osteoarthritis, 520-521 
for pain, 519t, 520 
Melphalan 

in chemotherapy, 718, 718t 
for multiple myeloma, 745 
side effects of 7111 

Membranoprohferative glomerulonephritis, 1790-1791, 1791 f 
Membranous nephropathy, 1791-1793, 1792f 
Menace response, in vision assessment, 97, 98, 809 

Mendehan traits, 266 
Meningioma, 724t, 832-833, 833f 

Meningitis 

bacterial, 838-839 
breed-associated, 829, 840-841 
feline infectious peritonitis and, 861 
and multifocal neurologic disease, 837*838 
with polyarthritis, 1962 
steroid-responsive, 841, 856 
Meningoencephalitis 

granulomatous, 83 7f 840, 862-863 
and multifocal neurologic disease, 837-838 
nonsuppurative, feline, 861*862 

M en in goencephalomy elitis 
feline nonsuppurative, 861 
granulomatous, 829 

Menin gomy elitis, 850-853 
2 - Merc ap top ropiony 1 glycine 
for cystinuria, 1825 
for urolithiasis, 1842t, 1849, 1867 

Mercury, toxicity of 893t 
Meridians, in acupuncture, 533 
Merosin-deficient myopathy, 9071, 909 
Mese!amine, for inflammatory bowel disease, 1396 

Mesenteric artery, occlusion of 11S1 

Mesenteric torsion, in pancreatic exocrine insufficiency, 1494-1495 
Mesna, For hemorrhagic cystitis, in chemotherapy, 717 
Mesothelioma, 1114-1115, 1282 
Metabolic acidosis 

in diabetic ketoacidosis, 1568-1569, 1573 

in gastrointestinal disease, 1313 
in hypoadrenocorticism, 1618 
pathophysiology and treatment of 396, 400 
in renal disease progression, 1772 
in renal failure, 1737, 1747, 1768, 1779-1780 
renal tubular, 1827-1828, 1827t 
Metabolic alkalosis 

in acute renal failure, 1737, 1747 
In gastrointestinal disease, 1313 
p ath o p hysiology a nd tre atment of, 396, 401 
Metabolic disc rders. See also specific disorders 

and anemia, 1911-1912 
and body odors, 89b 

and bone disease, 1970b, 1983*1988, 1985f 1986f 1988f 

and failure to grow, 82 
genetic causes of 267 

and liver disease, 1469-1473 

and neurologic dysfunction, 155, 798-802, 836b, 841-842 

in paraneoplastic syndrome, 790 

and peripheral nerve dysfunction, 891, S92t 

and seizures, 165 

and skin lesions, 47b, 50, 58t 
and tremors, 157 

and vomiting, 133, 133b, 134 
and weakness, 29 

Metabolic epidermal necrosis. See Hepatocutaneous syndrome 
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Metacarpal/metatarsal bone anomalies, 1971-1972, 197If, 1972f 

Metaldehyde toxicosis 124, 157, 242 

Metaphyseal osteopathy 1979, 1980f 

Metarub ricytes, 1887, 1887f 

Metastases, See also Neoplasms 

to bone, 725t r 772, 772f 

to central nervous system, 834-835, 841, 874 

diagnosis of, scintigraphic, 363-365, 366£ 367f 

hepatic, 1478 

of histiocytoma, 780 

of islet cell neoplasia, 1560 

of lung tumors, 1242 

to lungs, 1244f, 1245-1246, 1246f 1247f 

of mast ceil tumors, 775 
of multilobular osteochondrosarcoma, 771 
and neurologic disorders, 155, 802 
of osteosarcoma, 765-766, 766f 

radiation therapy for, 731 
of skin tumors, 46 
of soft tissue sarcomas, 753 
in thyroid neoplasia, in dogs, 1559 
Metastatic calcification, in chronic renal failure, 1 769 
Metered dose inhalers 

for feline bronchial disease, 393, 393f 1237 
for glucocorticoid delivery, 506-507 
for inflammatory airway disease, 391-393 
Metestrus, See Diestrus 

Methanol toxicosis, 242, 257 
M ethemoglobinemi a 

chemical- induced, 1904-3905 
cyanosis in, 219, 222, 222t 
inherited erythrocyte defects and, 1892 
treatment of, 1906 
Methim azole 

adverse reactions to, 1467, 1555 
and antinuclear antibody production, 1952-1953 
For hyperthyroidism, 1553-1555, 1554t, 1559 
D L-M ethionine, for urolithiasis, 3842t 

Methotrexate 

for immune-mediated arthritis, 1964 
for inflammatory bowel disease, 1370 
side effects of 7111 

Methylene blue, for methemoglobinemia, 1906 
M eth y 1 p redn isolon e 

for anti-inflammatory therapy, 506, 507 
for eosinophilic granuloma complex, 1294 
for feline bronchial disease, 1237 
potency of, 5051 
for pruritic dermatitis, 43 
Methylprednisolone sodium succinate 
constant rate infusion of 548t 
for meningitis, 839 
for spinal cord trauma, 507, 881-882 
4-Methylpyrazole, for ethylene glycol toxicity, 257, 449 
Methylsulfonylmethane (M5M), for joint disorders, 517 

Metodopramide 

for agalactia, 1666 

for anorexia, 118 

constant rate infusion of 548t 

contraindications for, with dopamine, 449 

for delayed gastric emptying, 1329 

For dysautonomia, 899 
for esophagitis, 1301 
for gastric ulceration, 1319 
for nausea, in uremia, 449 
in parenteral nutrition, 588 
for vomiting, 1355, 1747, 1748t 
Metoprolol, for arrhythmia, 1034, 1057t, 1073 
Metritis, acute, 450t, 451, 1665, 1706 


Metronidazole 

adverse reactions to, 639, 852 

for antibiotic-responsive diarrhea, 1366 

For bacterial pneumonia, 1250t 

for chronic idiopathic enteropathies, 1360 

for encephalitis, 829 

for gastrointestinal emergencies, 430 

for inflammatory bowel disease, 1396 

for lymphoplasmacytic gastritis, 1322-1323 

for meningomyditis, 852 

for protozoal infection, 64 Ot, 1360 

for small intestinal bacterial overgrowth, 682, 1494, 1495 

for tetanus, 629 

Metyrapone, for hyperadrenocorticism, 1612 
Mexiletine, for arrhythmia, 1057t, 1072, 1081 

Mibolerone, 1655t 

for pseudopregnancy, 1655 
for shortened interestrus intervals, 1654 
Miconazole, for otitis externa, 1177t, 1178 
Microalbuminuria, as predictor of renal disease, 116, 1720 
Microangiopathic hemolytic anemia, 214t, 791, 1907 
Microfilaremia [Dirvfilaria immitis), 1118-1139 

in caval syndrome, 1133 
detection of, 1120-1121 
in eosinophilic pneumonitis, 1120 
macrolide therapy and, 1122 

treatment of 1127-1128, 1129 
Micmsponim cams infection, 614t, 703 

Micturition disorders, 103f 105-108, 107£ See also Urinary incontinence 
incontinence, 144 
and spinal cord disease, 844 
stranguria, 107, 109 

urinary retention, 105-107, 108t 

Midazolam, 54St, 1668t 
Mifepristone 

for pregnancy termination, 1670t, 1673 
for pyometra, 1679 
Miglitol, for diabetes mellitus, 1579 

Milbemycin 

adverse reactions to, 1129 

in heartworm prophylaxis, 1125-1126, 1126t, 1140, 1144t 
for mange, 66, 67 
for microfilaremia, 1129 
Milberone, for contraception, 1671 

Miliary dermatitis, 55, 57t 

Milk replacement formulas, 562, 567 
Milk thistle (silymarin) 

for hepatic disorders, 575, 1437, 1440, 1444 
for hepatotoxic osis, 525, 1469 
Milrinone, for congestive heart failure, 953 
Mineral oil, for constipation, 1404, 14Q4t, 1405 
Mineralocortieoids- See also specific hormones or drugs 
adrenal production of 1612-1613, 1614f 1615f 

deficiency of See Hypoadrenocorticism 
replacement therapy, in hypoadrenocorticism, 1620-1621 
Minerals. See also specific minerals 

dietary requirement for, 558-559, 558t 
trace, as antioxidants, 523 
Minimal change disease, 1796, 1796f 

Minimum inhibitory' concentration, of antibiotics, 499, 500t, 1805 

Minocycline, for brucellosis, 627 

Mismating, I670t, 1671-1672, 1675 

Misoprostol 

for constipation, 1406 

for gastric ulcers, 1339 
for gastrinoma, 1631, 1631b 
for gastritis, in acute renal failure, 1748t 
for pregnancy termination, 1673 
Mistletoe, toxicity of 245, 252 
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Mitaban. SecAmitraz 

Mite infestation, 66-68, 69t. See aho specific types of mange 
crusts and scales in, 56t 

diagnosis of, 40, 55 

erosions and ulcers in, 50 
and otitis extern a, 1 169- l 1 70 
pruritus in, 38, 39, 40t, 4It 

skin scrapings for, 66, 388-389 

zoonotic, 703 

Mithramycin (plicamycm), for hypercalcemia, 15211, 1522 

Mitochondrial inheritance, 266 

Mitotane 

and adrenocortical necrosis, 1615 

for hyperadrenocorticism, 1605-1606, 1612 

Mitotic inhibitors, in cancer therapy, 720, 720t 
Mitoxantrone 

in chemotherapy, 718, 719t 
side effects of, 71 It 
for transitional cell carcinoma, 785 
Mitral insufficiency, 1022-1035 

and bronchial compression, 1238 
clinical signs of 1025-1026 

complications of 1034-1035 
diagnosis of 1025-1030 
etiology of 198, 1024 
heart disease in, 1024-1025 

incidence of 1022 

management of, 962-963, 1030-1034 
murmur of, 197-198, 1025 
pathology of, 1022-1023, 1023f 
Mitral valve 

dysplasia of 995-998, 997f, 999F 
murmur of 198, 974t 
echocardiography of 318f 319f I089f 
systolic anterior motion of in cardiomyopathy, 1088-1089, 

1089f 1092 

Morning glory, toxicity of 253 
Morp bine 

adverse reactions in cats, 53 2t 
for analgesia, in bone neoplasia, 763t 
for congestive heart failure, 405 
constant rate infusion of, 548t 
in pain management, 23 
for pulmonary edema, 1241 

Mosquitoes, 68, 1118 
Moth balls, to^idty of 257 
Motilin, 1623t, 1625-1626 

Motility 

of esophagus, 1298 

disorders of 1304-1306 

gastric, 1311 

disorders of 1326-1329, 1326t, 1327f 1328t 

of large intestine, 1382-1383 

disorders of 1393-1394, 1394t, I395f 1401-1406 

of small i n testine, 1336 

disorders of, 1340-1341, 1341b, 1377 
Motor neurons, devdopmental/congenital disorders of, 892t 
Mouth. See Oral cavity 

Moxidectin, in heartworm prophylaxis, 1126, 1126t 
MRl See Magnetic resonance imaging (MRI) 

M5M {methylsulfonylmethane), for joint disorders, 517 
Mucinosis, cutaneous, 44, 1537 
neurologic signs in, 801-802 
treatment of, 1543 
Mucocele 

of gallbladder, 1480 
pharyngeal, 1198-1199 
of salivary glands, 1295-1296, 1296f 1297f 
Mucocutaneous junction, ulcers of 49b, 92, 124, 1882, 1884b 


Mucometra, 1702 

M uc opolysaech aridosis, 265t, 872-873, 1973 
Mucosa 

of large intestine, 1378-1379 
oral, ulcers of 243, 251, 255 
pallor of 211-215, 212f 
of rectum, 1409 

of small in testine 

anatomy of 1332, 1334f 
barrier function of 1337, 1337b, 1341, 1342b 
immune system of 1337-1340, 1339f 
inflammation of 1342, 13421 
of stomach, 1310 
ulcers of 47b, 48f 49 r 49b 

Mucus, in large intestine, 1381 
Multifactorial inheritance, 266 
Multiple drug resistance gene, in gene therapy, 543 
Multiple myeloma, 743-746, 744f 745f 
paraneoplastic syndrome in, 792, 793 
Multiple organ dysfunction syndrome, 453b 
Murmurs, cardiac, 196-200, I97f 199f 
in atrial septal defect, 974 1 
in congenital heart disease, 973, 9741 
grading of 197b 
in hyperthyroidism, 1547 
in infective endocarditis, 1038, 1038f 
in mitral dysplasia, 974t 

in mitral insufficiency, 1025 
in patent ductus arteriosus, 974t 
in pulmonic stenosis, 974t 
in subaortic stenosis, 974t 
in tetralogy of Fallot, 974t 
in tricuspid valve dysplasia, 974t 
in ventricular septal defect, 974t 

Muscle 

anatomy and physio logy of 901 
atrophy of 

in heart failure, 928 

in myopathy, 902 

in primary hyperparathyroidism, 1511 
in spinal cord disorders, 845 
biopsy of 289-290, 902-903 

disorders of. See Myopathy; Myositis; Neuromuscular disorders 
hypertrophy of, in myopathy, 902 
tone of in spinal cord disorders, 845 
Muscle relaxants, and malignant hyperthermia, 12 
Muscular dystrophy, 904-905 

dystrophin, 265t f 904-905, 906-908,908f 
hypertrophic feline, 906-908, 908f 

Musculocutaneous nerve, functional evaluation of 889t 

Mushroom toxicosis, 244, 252, 1436, 1440 
hallucinogenic, 253 
Myalgia, 902 

Myasthenia gravis, 895-896 

in cats, 907t, 909 
congenital, 896, 909 

vs. cranial neuropathies, 175, 176 
and dysphagia, 1201 

esophageal disorders in, 1298, 1304, 13G5t 
hypothyroidism and, 1537 
thymoma and, 794, 1270 
vs. toxicosis, 243 
Mycobacteriosis, 622-625 

classic tuberculosis, 622-625 
feline leprosy, 622-625 
gastrointestinal disease in, 1357 
opportunistic form, 622-625 
respiratory disease and, 1251 
skin lesions in, 49, 622, 623, 624 
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Mycobacteriosis (Continued) 
zoonosis, 625 
Mycobacterium avium , 623 
Mycobacterium bans, 623 
Mycobacterium lepraemurium r 623 
Mycobacterium microti, 623 
Mycobacterium simiae r 623 
Mycobacterium tuberculosis , 622-623, 704 
Mycophenolate mofetil, for inflammatory bowel disease, 1370 
Mycoplasma haemofelis 

coinfection with feline leukemia virus, 656, 657, 1903 
and hemolytic anemia, 1902-1903, 1903f 
Mycoplasma infection 
and arthritis, I960 
in bacterial pneumonia, 1250 
in respiratory tract disease, 502, 1219, 1220, 1236 
Mycosis. See Fungal infection 
Mycosis fungoides, 734f 
Mycotoxins, and tremors, 157, 242 
Myelination disorders, 157, 825 

Myelitis, 850-853 

canine distemper and, 860-861 
feline infectious peritonitis and, 861 
protozoal, 878-879 
Myelodysplasia, 873-874 
and anemia, 1914 
feline leukemia virus and, 656 
Myelofibrosis, and anemia, 1914 
Myelogenous leukemia, chronic, 742t, 743 
Myelography 

in cervical spondylomyelopathy, 854 

indications for, 844 

in intervertebral disk herniation, 867, 867f 
in spinal cord hemorrhage, 863 
in spinal tumors, 875 
technique for, 295-296 
Myelolipoma, of spleen, 1945,1949f, 1951 
Myeloma, multiple, 743-746, 744£ 745f 
Myelomalacia, progressive hemorrhagic, 878, 881 
Myelopathy 

degenerative, 856-857 
ischemic, 869-870 

Myelophthisic disease, and anemia, 1914 
Myeloproliferative disorders, 742-743, 742t 
and anemia, 1915 
Myelosuppression 

and anemia, 1913-1915 
chemotherapy and, 710-711, 71 It, 712 
feline leukemia virus and, 655-656 
Myiasis, 68-69, 701 

Myocardial failure, 916, 917f 
Myocardial infarction, 1082 
Myocardial necrosis, acute, 945, 945f 
Myocarditis, 1081 
in borreliosis, 620 

in parvovirus infection, 646, 1081, 1355 

protozoal, 1081 
troponin in diagnosis of 945 
Myocardium 

hypertrophy of in heart failure, 930, 93Of 938-939 
infarction of 1082 
myopathy of See Cardiomyopathy 
Myoclonus, 156, 806 

in canine distemper, 806f 860 

Myofibers, 901,902t 

Myoglobin, as marker of cardiovascular disease, 941, 94 It 
Myoglobinuria 
in urin alysis, 17 22 

and urine color, 112t, 113f 114, 11 St 


Myopathy, 901 -912. See also specific disorders 

in cats, 906-912 
clinical signs of 901 -902 
congenital, 903b, 904-905, 906-909, 907t 
degenerative, 904 

of Devon Rex cats, 9Q7t, 908-909, 908f 

diagnostic testing for, 902-903 
in dogs, 903-905 

and elevation of serum enzyme levels, 1424t 
fibrotic, 904 
in heatstroke, 438 
in hyperthyroidism, 156, 910, 1546 

hypokalemic, 9071, 909-910 
ischemic, in cats, 911-912 
and megaesophagus, 130St 

metabolic, 905, 909-910 

neuropathy, 175, 176 
ossifying, 904 

as sign of systemic disease, 155-156 
uremia and, 1738-1739, 1766 

and weakness, 155-156 
Myositis 

i mm une-mediated, 903-904, 903b 
infectious, 903 

of masticatory muscles, 903-904 
parasitic, 903, 910 
Myotonia, 905 
congenital, 265t 

in cats, 906, 907t, 908f 
in hyperadrenocorticism, 1595 
Myotonic syndrome, 902 

Myringotomy, 308, 1185 
Myxedema, 44, 1537 

neurologic signs in, 801-802 

treatment of 1543 


vs. 


Naloxone 

adverse reactions in cats, 532t 
for cardiopulmonary resuscitation, 4081 
Nanophyetus satmincola infestation, 1357 

Naphthalene, toxicity of 257, 1906 
Naproxen, 510 

Narcolepsy, 27, 180-181, 265t 

Nasal and paranasal diseases, 1186-1196 
clinical signs of 1206 
congenital diseases, 1190-1191 
diagnosis of 1187-1190 

inflammatory diseases, 1191-1194 

neoplasms of, 1194-1195 

and sneezing/nasal discharge, 208b 
traumatic injuries, 1195-1196, 1195f 

Nasal cavity 

anatomy of, 378, 378f 

cytology and biopsy of, 1214 

endoscopy of, 378-380. See also Rhinoscopy 

foreign bodies of 1194 

ftmgal infection of 380 

aspergillosis, 694-699 
cryptococcosis, 683 
zygomycosis, 689-690 
neoplasms of 723t, 771 

obstruction of, 192, 193 
radiography of, 1209 

Nasal discharge, 207-210, 208b, 209t 

algorithm for, 21 Of 

assessment of 1187-1188, 1206 
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Nasal discharge (Continued) 

epistaxis, 208, 208b, 225-229, 226f, 228b 

systemic disease and, 208, 208b 

Nasal flushing, 378-379, 1192 
Nasal sinuses 

diagnostic procedures, 1188-1 190 
disorders of, 1190-1 1 95 
examination of 1187-1188 
functional overview, 1186-1187 
neoplasms of, 771, 1194 
radiation therapy for, 723t 
Nasal turbinates, 380 

Nasoesophageal feeding tube, placement of 329-330, 330f, 33If 
Nasopharyngeal stenosis, 1198, l)99f 
Natriuretic peptides, 926, 945-947 
Nausea, 132. See also Vomiting 

Near drowning, 445-446, 1260-1261 

Nebulization 

for bacterial pneumonia, 1250 
for chronic bronchitis, 1234 
for tracheitis, 1220 
Neck, examination of 7, 8 
Neck pain 

intervertebral disk herniation and, 868 

in meningitis, 837 

Necrolytic dermatitis, superficial. See Necrolytic migratory erythema 
Necrolytic migratory erythema, 33, 57t, 794 
in glucagonoma, 72, 1627, 1628f 1629 
in hepatic disease, 73-74, 1422, 1627, See also 

Hepatocu tan ecus syndrome 

Nedocromil sodium, for bronchopulmonary disease, 392 
Nemaline rod myopathy, 907t, 909 

Nematodiasis, of spinal cord, 881 
Neomycin 

dosage of in renal failure, 1776t 
for hepatic encephalopathy 1439 
for otitis externa, 1176t, 1178 

Neonatal isoerythrolysis, 214t, 267, 1901-1902 

Neonates. See also Kittens; Puppies 
adaptations of, at birth, 1709 

antibody tests in, 600 
care of, 1709-1711 

diet for, 561-562 

failure of growth in, 80-83, 80b, 81 f 

hand rearing of, 562, 1710-1711 
illness in, _67, 1711-1713 
mortality in, 1647, 1656, 1665, 1711-1712 
normal laboratory values for, 17l2t 
Neoplasms See also Metastases; specific sites and names 

of Specific tumors 

and coagulopathy, 1935-1936, 1935b 
and coughing, 190b 

and elevation of serum enzyme levels, 1424t 
and epistaxis, 228b 

feline leukemia virus associated, 656-657, 660 

and fever of unknown origin, 12 

gene therapy for, 541-543, 542f 

and hematochezia, 142b 

hemopoietic, 1914-1915, 1923 
and hemoptysis, 231, 231b 

and hypercalcemia. See Hypercalcemia of malignancy 
and immune-media ted hemolytic anemia, 1897b 
in kidney transplant recipients, 1755 
and lymphatic obstruction, 1163f 
and melena, 141b 

and neurologic disorders, 799b, 802, 836b, 841,896-897 

and polyarthritis, 1963 
and polycythemia, 216 

and purpura, 232 


Neoplasms (Continued) 

and secondary hypertrophic osteodystrophy, 795, 1242, 1981 

and skin lesions, 32, 50 

and sneezing/nasal discharge, 208b 

staging of 713-714, 753 

and thoracic effusions, 207 

and thrombocytopenia, 1923, 1935-1936 

treatment of See Chemotherapy; Radiation therapy 
and vena caval obstruction, 1160, 1162f 
and weakness, 30 

Neorickettsia infection, 631, 635, 1357 
Neospora caninum infection, 638, 640t, 642 
myocarditis in, 1081 
myositis in, 903 

and neonatal mortality, 1656, 1711 
and neurologic disease, 155, 157, 840, 878-879 
and respiratory disease, 1252 
Neostigmine, for myasthenia gravis, 896 
Nephritis 

hereditary, 1787t, 1796 
suppurative, and acute uremia, 1734 
Nephrocalcin, in calcium oxalate urolithiasis, 1859 
Nephron. See Glomerulus; Renal tubule 
Nephropathy 

in diabetes mellitus, 1591 
immunoglobulin A in, 1794 
membranous, 1791-1793, 1792f 
protein-losing, 1788 * 

ascites in, 151 

borreliosis and, 620 

diarrhea in, 140 

dietary management of 584t, 585 

edema in, 711 

and thromboembolism, 1148 
Nephrotic syn dram e, 711, 1788 
Nephrotoxicity 

and acute renal failure, 1732-1733, 1733b 
of amphotericin B, 673, 693 
in chemotherapy, 711, 765, 766t 
of drugs, 1733-1734, 1733b 
Nerve blocks, in pain management, 23 
Nerve conduction velocity studies, 328-329 
Nerve sheath neoplasm, malignant, 874, 896-897 
Nerves. See also Peripheral nerves 

biopsy of 290-291 
disease mechanisms in, 888-891 
evaluation of, 887-888 
Nervous system 

autonomic. See Autonomic nervous system 
central. See Brain; Central nervous system; Spinal cord 
disorders of. See Neurologic disorders 
peripheral. See Peripheral nerves 
Nettles, toxicity of 253 
Neurally mediated syncope, 24-26 
Neuritis 

of brachial plexus, 894-895 
of facial nerve, 173f 176, 900, 1183-1184 
trigeminal, idiopathic, 175-176, 900 
N euro axonal dystrophy, 825, 876 
Neuroblastoma, 896 

olfactory, feline leukemia virus infection and, 657 
Neurocardiogenic syncope, 24-26 
Neuroepithelial tumors, 833-834 
Neurogenic pulmonary edema, 435 
Neurogenic rhinitis, 1192 

Neurologic disorders, See also Brain disorders; Peripheral 

neuropathy; Spinal cord disorders; specific named 
conditions 

and ataxia, 30, 158-160 
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Neurologic disorders (Continued) 
and dysphagia, 131b 
electrolyte imbalances and, 154-155 

and Fecal incontinence, 147, 844, 1419-1420, 1419b 

in feline immunodeficiency virus infection, 660 
in feline infectious peritonitis, 664 
fungal infection and, 677, 683, 684 
in heatstroke, 437 
in hepatobiliary disease, 1423t 
hypertension and, 474 
hyperthyroidism and, 155, 802, 841 
h yperviscosity syn drom e and, 155,216 

hypothyroidism and, 155, 801-802, 841, 1537 
peripheral neuropathy, 891,900 

insulinoma and, 1561 

and keratoconjunctivitis sicca, 93 

metabolic causes, 151, 798-802, 799b, 836b, 841-842 

multifocal disease, 836-842, 836b 

neurologic examination in. See Neurologic examination 

ocular changes as indicator of 94 

and paresis/paralysis, 30, 158-160, 844 

and polyphagia, 120, 121b 

and regurgitation, 131, 131b 

and seizures. See Seizures 

as sign of systemic disease, 153-156, 154f, 798-802, 799b 
as sign of toxicosis, 165, 242-243, 799b, 801-802, 891-893, 893t 

and sleep disorders, 180 

and stu por/coma, 161-162, 163f 

and syncope, 25f 26 

systemic lupus erythematosus and, 1954 

toxicosis and, 242-243, 799b, 801-802 
and tremors, 157, 806, 812, 828-829, 841 
uremia and, 1738-1739, 1765-1766 

and urinary incontinence, 106-109, 110, 844 

and weakness, 30, 155 
Neurologic examination, 6 
in brain disease, 803, 806-811 

lesion localization in, 811-816 

of cranial nerves, 6-7, 171, 175, 808-811 
in head trauma, 410, 412 
in incontinence, 110, 1420 
record form for, 804-805f 

in seiz ures, 16 5 

in spinal cord disorders, 843, 844-849 
in stupor/coma, 161-162 
Neuromedin B, 1624t, 1627 

Neuromuscular disorders. See also specific disorders 
and dysphagia, 131b, 1201 

inherited, 265t 

and megaesophagus, 1305t 

and regurgitation, 131, 131b 

as si gn of systemi c di sease, 15 4 f, 155 

uremia and, 1738-1739, 1765-1766 

and weakness, 30, 155 
Neuronal abiotrophy, progressive, 827, 828f 
Neuronal cell lipofuscinosis, 265t 
Neuronal damage, mechanisms of 888, 891 
Neuronal plasticity, in pain, 22 
Neuropathy. See also Peripheral neuropathy 
and ataxia, paresis, and paralysis, 160 
demyelin a ting, 894 
diabetic, 800, 891, 1591 
and esophageal disorders, J 298 

idiopathic, 898-900 
neoplasia-related, 896-897 
in paraneoplastic syndrome, 794-795 

toxic, 891, 893, 893t 
traumatic, 897-898 

and weakness, 30, 1 55 


Neuropeptide Y, 1624t, 1627 

Neurotensin, 1623t, 1626 
Neurotoxins, 242-243, 799b, 801-802 

Neutering, See Sterilization 
Neutropenia 

chemotherapy and, 716, 717, 765 
cyclic, in gray-coated collies, 1939-1940 
in feline leukemia virus infection, 656 

Neutrophils 

defective, in Doberman pinscher, 1942 
granulation anomaly of in Birman cats, 1940 
Nevi, 43, 44, 46 

Newfoundland, dilated cardiomyopathy in, 1079-1080 
Niacin 

deficiency of 573t 
dietary requirement for, 559 
for hyperlipidemia, 594 
Nicergolme, for cognitive dysfunction, 182 

Nifurtimox, for trypanosomiasis, 645 
Night blindness, inherited, 265t 
Nikkomycin Z, for fungal infection, 675, 694 
Nitazoxanide, for cryptosporidiosis, 1360 
Nitrates, and methemoglobinemia, 219 
Nitric oxide 

exhal ed, in resp iratory disease, 1217 
in heart failure, 926, 948 
in shock, 213t 

Nitrofurantoin, dosage of in renal failure, 1776t 
Nitroglycerin 

for cardiomyopathy, feline, 1094 
for congestive heart failure, 405, 967 
Nitroprusside 

For cardiomyopathy, feline, 1086, 1094 
for congestive heart failure, 405, 951-952 
constant rate infusion of 548t 
for hypertension, 4 771, 479 
Nitroprusside reaction, in ketone detection, 424 
Nitroscanate, for intestinal parasitism, 1359t 

Nizatidine 

for constipation, 1404t, 1406 

for delayed gastric emptying, 1329 
for gastric acid reduction, 511 
for gastrinoma, 1631, 1631b 
Nocardiosis, and pyothorax, 1279, 1280t 
Nociception, in pain, 22 

Nocturia, 109, 1765 

Nodular dermatofibrosis syndrome, 32, 43, 794 
Nodular sterile panniculitis, 44 
Non spherocytic hemolytic anemia, hereditary, 214t 
Nonsteroidal anti-inflammatory drugs [NSAIDS), 518-521, 

519t See also specific drugs 
adverse effects of 520 

anaphylaxis, 458b 
gastric ulcers, 1316-1317, 1316t 
hepatotoxicity, 1467 
melena, 142b 

thrombocytopathia, 292 

for analgesia, in bone neoplasia, 762, 763t 
For borreliosis, 621 
for colonic neoplasia, 1400 
contraindications for, 521 

indications for, 520-521 

nephrotoxicity of 1732 

in pain management, 23 
Norepinephrine, 548t, 1831 
Normoblasts, 1887 

Normochromic, normocytic anemia, 1916 
Norwegian elkhound, inherited renal disease in, 

182 It, 1823 
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Omega 3 fatty acids (Continued) 
for osteoarthritis, 565 
for ren al fai 1 ure, 584, 1774 
for skin health, 517 

Omega 6 fatty acids, for skin health, 517 
Omeprazole 

For esophagitis, 1301 
for gastric ulceration, 1319 
for gastrinoma, 1631, 1631b 
for gastritis, in acute renal failure, 1747, 174 St 
for gastrointestinal ulceration, 432 
Oncotic pressure (colloid osmotic pressure], 413f, 414 
and edema formation, 39 

Ondansetron, for vomiting, in acute renal failure, 1748t 

Onion, toxicity of, 244, 251, 1906 
Opioids. See also specific drugs 

adverse reactions to, 117, 124, 5321 

for analgesia, in bone neoplasia, 763t 
endogenous, in acupuncture, 533-534 
gastroin testi n a1, 1624t, 1626 
in pain management, 23 
Opthalmic disorders. See Eye, disorders of 
Optic nerve 

anatomy of, 808f, 809f, B90t 
edema of, 94 

evaluation of, 808-809, 814, 890t 

as indicator of central nervous system disease, 94 
Oral absorption of drugs, 494 
Oral cavity 

examination of, 6, 7, 1206 
foreign bodies of, 1198, 1201 

neoplasms of, 124, 768, 1200-1201, 1290-1292, 1290-1292F 

radiation therapy for, 723t 
staging system, 1293t 
Oral cavity disorders 

and anorexia, 117-118, 119f 

candidiasis and, 636 

and dysphagia, I28 r 129f, 131b 
eosinophilic granuloma complex, 1294-1295, 12941 
and epistaxis, 228b 
mucosal erosions. See also Stomatitis 
in candidiasis, 686 
differen tial di agnosis of 243 

systemic causes, 47b, 48f 49, 49b 
toxic causes of 243, 251,255 
in uremia, 50, 1717, 1747, 1765 
and odors, 88, 89b, 124 
and ptyalism, 123, 124, 126 
Oral drug administration methods, 583b 
Oral papillomatosis, 1290, I290f 
Oral papilloma virus, canine, 652 
Oral rehydration solutions, 571 

Orchitis, 1693, 1704 

Organogels in drug delivery, 513-514, 1555 
Grganophosphate insecticides 

in flea control, 65 

and megaesophagus, !305t 

and pancreatitis, 1489 

toxicity of 124, 242, 259-260, S93t 

Oriental shorthair cat, inherited renal disease in, 182It 
Oronasal fistula, and epistaxis, 228b 
Orthopedic pain, acupuncture points for, 534t 

Orthopnea, defined, 192 

Oscillometric technique, for blood pressure measurement, 

284, 284f 285f 

Oskrus osleri infestation, 1221-1222, 1221 f 1256 
Osmolality, serum 

in diabetes insipidus, 1503, 1503-1504f 1507f 
and sodium levels, 236f, 237-238, 412 


Nose. See also entries at N asal 

congenital malformations of, 1 V9Q 
examination of 11 87-1188 
functional overview, 1186-1887 
hypo pigmentation, acquired idiopathic, 60, 62 

neoplasms of 1194, 1194f 
trauma to, 1195 

Notoedric mange, 55, 56t, 67, 69t, 388-389, 1170 

NPH insulin, in diabetes mellitus, 1576, 1576t, 15885 

NS AIDS. See Nonsteroidal anti-inflammatory drugs (NS AIDS) 

Nuclear factor-kappa-8, in heart failure, 932 

Nuclear medicine. See Scintigraphy 

Nutmeg, toxicity of 253 

Nutraceuticals, 515-517, 583 

Nutrient absorption 

dietary factors in, 571-573 
gastric secretions in, 1311 
pancreatic enzymes in, 1492 

in small intestine, 1333-1336, 1336f 
Nutrition. See Diet 

Nutritional status, assessment of, 554-555, 554b, 586, 596 
Nutritional support. See also Enteral nutrition; Parenteral nutrition 

indications for, 555, 596 

Nystagmus 

in neurologic examination, 162, 810, 811 
in vestibular syndromes, 174f 176 


Obesity 

b ody condi ti on sco rin g for, 4 f, 5f 76-77 

health risks of 76 

heart disease and, 579 

in hypothyroidism, 1537 

insulin resistance and, 577, 1565 

management of, 77-78 

neutering and, 1669, 1671 

and respiratory problems, 1222, 1234, 1265 

Obstipation, 144, 145f 140 M 402, 1403f 

Obturator nerve, functional evaluation of 889t 
Occipital malformation syndrome, caudal, 821 
Occult blood, Fecal determination of 1347 
Octreotide 

for gastric ulcers, 1319 
for gastrinoma, 1631, 1631b 
for insulinoma, 1562 
Ocular disorders. See Eye, disorders of 
Oculomotor nerve, 810, 814, 890t 
Odontoid process, malformations of 849-850 
Odontomas, 1290 
Odors, body, 88-91, 89b, 90f 9lb 
flatulence, 88, 89, 148-149 
Odynophagia, 1298, 1300f 
Oleander, toxicity of 245, 251 
Olfaction, 1187, 1187f 1190 
Olfactory nerve, 808, 814, 890t 
Oligodendroglioma, 833 
O ligospermi a, 1693 -1694 
Oliguria, 447-449, 448f 

in acute uremia, 1731, 1737 
O/fidnnus tricuspis, in chronic gastritis, 1324 
Olsalazine, for inflammatory bowel disease, 1396 
Omega 3 fatty acids. See also Fat, dietary 
for cachexia, 580 
for gastrointestinal disease, 572 
for heart disease, 580-581 
for hepatic disease, 576 

for hyperlipidemia, 594 
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Osmolality, urine, in tubular function evaluation, 1720-1721, 

1720t 

OspC/OspA proteins, in borreliosis, 620-622 
Osteoarthritis, 83, 85f 

dietary management of 565 

nonsteroidal anti-inflammatory drugs for, 520-521 

nutraceuticals for, 516-517 

Osteoarthropathy, pulmonary hypertrophic. See Osteopathy, 

hypertrophic 

Osteochondritis dissecans, 565-566 
Osteochondrodysplasia, 1970b, 1973-1975, 1974b 
Osteochondromatosis, 767, 876-877, 1978, 1978f 
feline leukemia vims infection and, 657, 772 
Osteochondrosarcoma, multilobular, 771,77If 
Osteochondrosis, diet and, 565-566 
Osteodystrophy 
fibrous, 1820 
hepatic, 1988 
renal, 1767, 1985-1986 
Osteogenesis imperfecta, 1972-1973 
Osteoma, 771 

Osteomalacia, 563-564, 1985, 1986f, I987f 
Osteomyelitis, 1989-1991, 1990f 199 If 
aspergillosis and, 699 
blastomycosis and, 677, 678f 
coccidioidomycosis and, 691,692f 
diagnosis of, scintigraphic, 365, 368f 
vertebral. See Discospondylitis 
Osteopathy 

craniomandibular, 1976-1978, 1977f 
hypertrophic, 795, 1242, 1242f p 1981-1982, 1982f 

of hypervitaminosis A, 864, 1986 
metaphyseal, 1979, 1980f 
multifocal, 1980, 198 If 
Osteopenia, 1983-1984,1987 
Osteopetrosis, 1972 

Osteoporosis, 1984 
Osteosarcoma 

in cats, 768, 771-772 

of chest wall, 1274 
diagnosis of] scintigraphic, 364, 366f 
in dogs, 761-767, 768-771 
diagnosis of] 761-762 
prognosis for, 766-767 
treatment of, 724-725t, 762-766, 763t, 765t 

Otitis externa, 1171-1180 
diagnosis of, 1171-1172 
food allergy and, 568 
management of 

in chronic disease, 1179 

cleaning, 307-308, 1174-1176, H75t 
systemic therapy, 1178 
topical therapy, 1176, 1176-1177t, 1178 
otitis media and, 11 74 

Otodeetes infestation and, 41t f 67, 69t, 1173, 1178 

pathophysiology of, 1172-1174 
scales and crusts in, 58t 
Otitis, hyperplasic, in Cocker spaniels, 1178 
Otitis interna, 1183 

Otitis media, 1180-1183, 1182f 

and cranial nerve disorders, 1184 
and facial paralysis, 176 
and otitis externa, 1174 
soft palate abnormalities and, 1200 

Otodectes mite infestation, 411, 67, 69t, 388-389, 1173, 1178 
Ototoxicity, 1183, 1183t, 1185 

Ovaries 
cysts of 


Ovaries (Continued) 

j folli cular, and proton ged estrus, 1651-1653, 1652f, 1682 
luteinized, in prolonged diestrus, 1653, 1681 

nonfunctional, 1653 
neoplasms of] 787-788 

and prolonged diestrus, 1682 

and prolonged estrus, 1651-1652, 1652f, 1653f 1682 
premature failure of, 1653-1654, 1682 
remnants of] in cats, 1701-1702 
O variohy sterecto my 

long-term effects of, 1669, 1671 

pediatric, 1667-1669 
in pregnancy prevention, 1671, 1675 
for pyometra, 1659, 1702 
and stump granuloma, 1687, 1688f 
and stump pyometra, 1680 
and ureteral trauma, 1878 
and urinary incontinence, 1669, 1671, 1872-1873 
Ovulation, 1642, 1683 

failure of, 1682, 1703-1704 

in feline estrous cycle, 1698 
induction of, 1708 
Oxacillin 

for discospondylitis, 860 

for meningomyelitis, 852 
Oxalate crystalluria, 1726-1727, 1727f 

in ethylene glycol intoxication, 257 
Oxalate, in plants, toxicity of, 245, 251 
Oxalate urolithiasis, 584t 

in cats, 1846t, 18474849,1848-1849f 
in dogs, } 854t, 1856-1862 
Oxibendazole, hepatotoxicity of] 1447, 1467 
Oximetry, in congenital heart disease, 977 
Oxpentifylline, for inflammatory bowel disease, 1370 
Oxybutynin, for urinary incontinence, 1873 
Oxygen 

blood level of, decreased, See Hypoxemia 
hemoglobin saturation and, 401 
partial pressure of 401, 1215 
Oxy gen free radicals, in shock, 213t 
Oxygen therapy 

administration of 1239-1240 

for cardiomyopathy, feline, 1086 
for congestive heart failure, 405, 951 
for cyanosis, 220-222 
for dyspnea, 193 

Oxygenation, assessment of, 1215-1216 
Gxyglobin 

for acute blood loss, 1888 
administration and dosage of 467-468 

adverse reactions to, 468 

for anemia, 1744, 1900 
in fluid therapy, 415, 4l6t, 419 
for heatstroke, 440 

Oxymorphone 

in pain management, 406, 110] 
for pediatric spay /neuter, 1668t 
for sedation, in cardiomyopathy, feline, 1094 

Oxytetracydine 

for antibiotic-responsive diarrhea, 1366 
for chronic idiopathic enteropathies, 1360 
for salmon poisoning, 1357 
for small intestinal bacterial overgrowth, 1494 

Oxytocin 

constant rate infusion of, 548t 
for milk letdown, 1666 
for retained placenta/fetus, 1665 
for uterine inertia, 1660, 1662 
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P wave, 1 040, 1046 

Pace maker, cardiac, 348-351, 350£ 1075-1076 
Pacemaker, wandering, 1046, VQ46f, 1053-1054 
Packed cell volume 

in classification of anemia, 215t 
species and breed variations in, 215-216 
Paditaxel, side effects o£ 712 
Pain 


Pancytopenia 

aplastic, 1913-1914 
in paraneoplastic syndrome, 792 
Panleukopenia, feline, 668t, 669-670 
and cerebellar hypoplasia, 157, 669 

enteritis in, 1355 
vaccination for, 612t, 669-670 
Panniculitis, sterile nodular, 44 
Panophthalmitis, systemic mycoses and, 672t 

Panosteitis (enostosis), 365, 369fi 566, 1978-1979, 1979f 

Pansteatitis, 33 

Panting, 192 

Pantothenic acid, deficiency of, 5731 
Papilloma, cutaneous, 748-749 
Papilloma virus, 652, 748 
Papillomatosis, 748, 1290, 1290f 

Papules, 51-54, 52t, 53-54£ See also Pyoderma 
Paracentesis, for abdominal effusions, 153 
Paraganglioma, 1113, 1632 
Pamgommus keliicotti infestation 
vs. bronchial disease, 1236 
and pulmonary bullae, 1255, 1258, 1283 
and respiratory disease, 1255, I255f 

Parainfluenza virus infection, 651 
and respiratory disease, 1251 

vaccination for, 607t, 608t, 651 

Paralysis 

differential diagnosis' of, 243 
hyperkalemic periodic, 904 

laryngeal, 1201-1202,1537 

lesion localization in, 158-160 
in spinal cord disorders, 844 


acute, 17-21, 21 f 

assessment of, 16-21, 21 f 

scales for, 16-17, 17b, 18-21, 20f 

chronic, 21, 21 f 

management 22-24, 23£ See also Analgesia 
acupuncture and, 532-535 

and compassionate care, 537 
in rib fractures, 463 
pathophysiology of, 22 
perception of, in spinal cord disorders, 845 
and weakness, 30 

Palate abnormalities, 1200-1203, 1200f 

Palate, disorders of, 1294-1295. See also Soft Palate 

Palliative care, 537 

in cancer therapy, 708, 713, 727 
Pallor, 211-215, 212f 
Palms, toxicity of, 244, 252 

Pamidronate disodium, for hypercalcemia, 259 
Pancreas 


abscess of, 1487-1488, 1491 


acinar atrophy of, 1492 
biopsy of, 273, 343 

exocrine insufficiency of. See Pancreatic exocrine insufficiency 
inflammation of. See Pancreatitis 

islet cells of, 1563-1567, 1566f 

neoplasms of 

and exocrine disease, 1488, 1491 

and gastrin hypersecretion, 1625, 1629-1631, 1631b 

and glucagon hypersecretion, 72, 1627-1629 
and hepatocutaneous syndrome, 72, 1627, 1629 
and insulin secretion, 1560-1563. See also Insulinoma 
polypeptidoma, 1632 

nodular hyperplasia of, 1488 

parasitism o£ M89, 1491-1492 
pseudocysts of, 1487, 1491 
Pancre atie bladder, 1492 
Pancreatic enzyme supplements 
for flatu’ence, 149 

for pancreatic exocrine insufficiency, 1494 
for pancreatitis, 1490-1491 
Pancreatic exocrine insufficiency, 1492-1495 
in cats, 1495 

cobalamin levels in, 140, 1494, 1495 
and diarrhea, 139 

and polyphagia, 121, 121b, 122, 123 
Pancreatic lipase immunoreactivity 

in pancreatic exocrine insufficiency, 139 
in pancreatitis, 1485-1486, 1486f, 1489-1490, 1490f 
Pancreatic polypeptide, 1623t, 1626 
Pancreatitis 


toxic causes of, 243 


Paranasal sinuses. See Nasal sinuses 


Paraneoplastic syndromes, 789-795. See afro specific syndromes 

and tumors 

cachexia and, 789-790 
coagulopathy in, 744, 792 

cutaneous, 32, 794 

endocrine disorders, 792-794 

gastrointestinal disorders, 794 

glomerulonephritis in, 794 

hematologic manifestations, 216, 790-792 

hypercalcemia. See Hypercalcemia, of malignancy 

n eurologic disorders, 155,799b, 802, 897 

neuromuscular disorders, 156, 794-795 
scintigraphic ‘ super scan” in, 364, 367f 
Paraphimosis, 1704 
Paraprostatic cysts, 1694, 1819 
Paraproteinemia, 115t, 792 
Parasitic diseases. See also Ectoparasitism; Intestinal 

parasitism 

and anemia, 214t, 1889, 1902-1904, 1903f 

of biliary tract , 1481 
and chronic gastritis, 1324 

and coughing, 190b 

and dermatosis, 33, 44, 50, 56t, 63-70, 69t 
pruritic, 38-39, 40t, 41, 4It, 69-70 
and enteritis, 1354, 1358-1360 

and failure to grow, 80, 82 
and h em atoch ezia ,141b 
and hemoptysis, 231, 231b 
of large intestine, 13851, 1386-1388 

and melena, 142b 
and myositis, 903, 910 

and neurologic disorders, 836b, 837, 881 

of pancreas, 1489, 1491-1492 

and polyphagia, 121, 121b 


IND 


in acute abdomen, 401,402, 404 
acute, and hypocalcemia, 237, 1531 
and biliary obstruction, 1480 
in cats, 1448, 1489-1491 
with diabetes mellitus, 1570, 1575 
and diarrhea, 139 

in dogs, 1482-1487, 1483f, 1485f 

with hyperadrenocorticism, 1610 

and pancreatic exocrine insufficiency, 1492-1493, 1495 

Pancuronium, constant rate infusion of 549t 
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Parasitic diseases (Continued) 

in respiratory disease, 1221-1222, 122 If 1254-1256 
and sneezing/nasal discharge, 208b 
Parathyroid glands 

damage to, in thyroidectomy, 1556-1557 
in differentiation of acute vs. chronic kidney failure, 1717 
enlargement of in renal secondary hyperparathyroidism, 1767 
hyperfunction of See Hyperparathyroidism 
hypofunction of See Hypoparathyroidism 
in multiple endocrine neoplasia, 1559 
neoplasms of 1522-1524 
Parathyroid hormone 

in alimentary hyperparathyroidism, 563 

in calcium metabolism, 237 
in hypoparathyroidism, 1530 

in phosphate metabolism, 237 
in primary hyperparathyroidism, 1516-1517 
Parathyroid hormone-related protein, 1508-1509, 1516-1517 
Parenteral nutrition, 575, 586-591,589b, 590b 

Paresis 

differential diagnosis of 243 
lesion localization in, 158-160, 159f 
in spinal cord disorders, 844 
toxicosis and, 243 

Paromomycin, for protozoal infection, 640t, 1360 
Paroxetine, for behavioral disorders, 187 

Paroxysmal dyskinesia, 828-829 
Partide-mediated gene transfer, 541 
Parturition, 1657-1664 
disorders of, 1658-1664 

assessment of 1659 
fetal causes, I662f 1663-1664 
maternal causes, 1660-1663, 1660t, 166If 
disorders subsequent to, 1664-1667, 1706-1707 
fetal challenges at, 1709 

management of 1657-1658, 1710 

p hysiology of 165 7 
prediction of 1656 
premature onset of 1657 
in queen, 1705-1706 
signs of 1657-1658 

stages of 1658 

Parvaquone, for protozoal infection, 640t 
Parvovirus infection 
and anemia, 1915 

canine, 646-647, 1354-1355 

and infertility, 1685 

and neonatal mortality, 1711 
vaccination for, 605t, 647, 1355 

feline, 668t h 669-670, See also Panicukopenia, feline 
PasteureUa infection 

antibiotics for, 498, 501-502 

and pyothorax, 1280t 
Patent ductus arteriosus, 978-987 
clinical findings in, 981, 981-983f 

and cyanosis, 219, 220 

management of 984-987, 986f 987f 
murmur of 198-200, 974t, 981 

natural history of 984 

pathogenesis of 978 

pathophysiology of 978-981, 980f 

righ t-t o-left shunting in, 982-984, 985f 986f 

Pa ttem b al dn ess, 1168 

PCR test. See Polymerase chain reaction (PCRJ test 

Peace lily, toxicity of 245,251 

Pectus excavatum, 1274, 1274f 

Pediculosis, 40t, 411, 68, 69t 

Pelger-Huet anomaly, 1937 

Pdodera dermatitis, 70 


Pelvic plexus, nerves of functional evaluation of, 889t 
Pelvis, neoplasms of 769, 770f 

Pemphigus erythematosus, 60 

Pemphigus foliaceus, 4H, 55,57t, 1173 
Penici 11 a mine 

for copper-associated hepatitis, 1438, 1444 
for cystine urolithiasis, 1825, 1867 
for lead toxicity, 260-261 

Penicillin 

dosage of in renal failure, 1 776t 
for leptospirosis, 449, 618 
for meningomyelitis, 852 
for tetanus, 629 

Penile frenulum, persistent, 17 CM 
Penis 


neoplasms of 786 

of tom cat, anatomy of 1697, 1698f 
Pentamidine isethionate, for protozoal infection, 640t 
Pentastarch, in fluid therapy 415, 416t 
Pentobarbital, for seizures, 168b, 549t 
Pentosan polysulfate sodium, for feline idiopathic cystitis, 

1842t, 1843 

Peptide histidine-isoleucine, 1626 
Peptide YY, 1624t, 1626 
Pepto-Rismol, for acute gastritis, 1316 
Perfusion 

maintenance of 

fluid therapy for, 415, 418b, 419-424, 422t, 423f 
in trauma, 433, 436, 436f 
mismatch of with ventilation 

arterial blood gas patterns in, 222t 
and cyanosis, 220 

Perianal fistula, 1399, 1416-1417, 1416f 
Perianal gland, neoplasms of 723t, 750, 1418-1419 
Pericardial effusion, 1107-1116 
acquired causes of 1111-1114 

diagnosis of 1109-1113, 1109f 1110f p 1111 f 
emergency treatment of 406 
epidem iology of 1109 
pathophysiology of, 1108-1109 
in trauma cases, 463 
Feric a rdiectomy 

for effusive-constrictive pericarditis, 1117 
for idiopathic pericardial effusion, 1114 

for pericardial tumors, 1115, 1116 
Pericardiocentesis 

for pericardial effusion, 1114, 1115 
technique for, 3 81, 381 f 382f 
Pericardioperitoneal hernia, 1105-1107, 1106f 1107f, 1273 

Pericarditis 

constrictive, 711, 1116-1118, 1117f 
effusive-constrictive, 1116-1118, 1117f 
Pericardium 

acquired disorders of, 1107-1118. See also Pericardial effusion; 

Pericarditis 


congenital defects of 1105-1107. See also 

Pericardioperitoneal hernia 


cysts of 1107 

structure and function of, 1104 
Perineal hernia, 8, 1411-1413, 1412f 
Perineal urethrostomy, 1844 
Periodic paralysis, hyperkalemic, 904 

Periodontal disease, 124, 1291, 1293 

Periosteal proliferative arthritis, 84, 1961-1962, 1962f 

Peripheral nerves, 887, 889t. See also Cranial nerves 
neoplasms of 896-897 
trauma to, 897-898 

Peripheral neuropathy, 887-900, See also Cranial nerves, disorders of; 

Neurologic disorders; Neuropathy; specific disorders 
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Peripheral neuropathy fConriraued) 
ataxia, paresis and paralysis in, 160 
etiology of, 1 55 

evaluation of, 887-891, 889t, 890t 
hereditary/congenital 892t 
in hypothyroidism, 891,900, 1537 
idiopathic, 898-900 

Lnfl am mato ry/i m mune-m edi a ted, 894-896 
in insulinoma, 1561 
mechanisms of, 888, 891 
metabolic, 891 

neoplastic, 896-897 
paraneoplastic syndrome and, 794-795 
as sign of systemic disease, 155 
toxins and, 891 -893, 893t 
uremia and, 1765-1766 
vascular, 898 
and weakness, 155 
Peristalsis. See Motility 
Peritoneal dialysis, 352-353 
for acute renal failure, 1750 
for hypercalcemia, 152It, 1522 
Peritoneal lavage 

diagnostic, 269-271,2 70f, 404 

therapeutic, 269, 352 
Peritonitis 

bile, 402, 402t, 404, 442 
diagnosis of, 152t, 402, 403-404 
infectious, feline. See Infectious peritonitis, feline (TIP] 
pathogenesis of 150, 151 
in peritoneal dialysis, 353 
peritoneal lavage in, 269 
septic, 402, 403, 404 
treatment of, 153, 403 
Periuria, 1828 

Permethrin, adverse reactions in cats, 53It 
Peroneal nerve, functional evaluation of 889t 
Persian cat 

Chediak-Higashi syndrome in, 1938-1939 
inherited renal disease in, 18211, 1823 
Persistent right aortic arch, 1306-1307, 1306f 
Petechiae, 232-235, 233-234f 192If 
Petrolatum, for constipation, I404t, 1405 
Petroleum distillates, toxicity of 256-257 

Peyer's patches, 1338, 1339f 
Peyote toxicosis, 253 

Phalloidine toxicosis, 244, 252, 1436, 1440 
Pharmacokinetics, 492-497, 493f 495f 500 
Pharyngoscopy, 1197-1198 
Pharyngostomy tube 
feeding via, 597-598 
placement of 330-331 
Pharynx 

anatomy and physiology of 1196-1197, 1199f 
diagnostic procedures, 1197-1198 
disorders of 1198-1199, 1199f 1201 

and aspiration pneumonia, 1259 
and dysphagia, 128, 129f 131b 
and ptyalism, 123 
examination of 7, 1197-1198 

foreign bodies of 1198, 1201 

mucocele of 1296, )297f 

visualizati on of 1213 
zygomycosis of 689-690 

Phenazopyridine, and methemoglobinemia, 219, 1906 
Phenobarbetal 

adverse reactions to, 168-170b, 170, 1447 

drug interactions with, 169b 

liver enzyme induction by, 169b, 1425 


Phenobarbital (Ownrawed) 
for sedation, 1196 

for seizures, 167-168b, 169b, 170, 170b 
and thyroid hormone suppression, 1539 
toxicosis, peritoneal dialysis for, 352 
Phenols, toxicity of, 255-256, 258 
Phenotype, 264 
Phenoxybenz amine 

For feline idiopathic cystitis, 18411 
for hypertension, 477t, 478 
for micturition disorders, lG8t, 109 
for tick paralysis, 893 

Phentolamine test, in pheochromocytoma, 1637 
Phenylbutazone, and thrombocytopenia, 226 
Phenylephrine 

for arrhythmia, 1075 
constant rate infusion of, 549t 
in hypotension, 482 
Phe n y 1 propanolamine 

and hypertension, 473 
for urinary incontinence, 1872, 1873 
Phenytoin 

adverse reactions in cats, 53 I t 
for arrhythmia, 1056t, 1071 
hepatotoxicity of, 1466-1467 
Pheochromocytoma, 1632-1638 

clinical signs of, 1634-1635, 1635t, I636t 

diagnosis of, 1635-1:637 
etiopathogenesis of 1632-1634 
and hypertension, 473 

in multiple endocrine neoplasia, 1559, 1633 
and neurologic signs, 802 
skin changes in, 32 

treatment of, 1637-1638 

Pheromone, feline 

for feline idiopathic cystitis, 1839-1840, 1840t, 1842t 
for urine spraying, 187 

Philodendron, toxicity of 251 
Phimosis, 1704 
Phlebectasia, cutaneous, 1159 

Phlebitis, 1160 

Phlebotomy, for polycythemia, 217, 987, 1017 
Phocomelia, 1971 

Phon oc ardio graphy 

in atrial septal defect, 989f 
in infective endocarditis, 1038f 
in mitral insufficiency, 1026, 1026F 
in patent ductus arteriosus, 98 If 
in tricuspid dysplasia, 998f 
Phosphofructokinase deficiency, 1893t, 1895 
in anemia, 214t 

breed predilection for, 265t 
tests for, 268 
Phosphorus 

blood level of, decreased. See Hypophosphatemia 
blood level of, increased. See Hyperphosphatemia 
dietary 

in chronic renal failure, 584, 1774, 1777 
in secondary hyperparathyroidism, 1984 
metabolism of, 237 
supplementation of 1907 
Phosphorus-binding agents, 510, 1777-1778 
Photoplethysmography, 285 
Phycomycosis, and chronic gastritis, 1324 
Physaloptera spp., and thro nic gastritis, 13 24 
PHyses, disorders of 1976, I977f, 1987-1988 
Physical examination, 2-9 
Physiologic heart murmurs, 198 
Physitis, septic, diagnosis of scintigraphic, 365 
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Pica, in iron deficiency, 1889 
Pickwickian syndrome, 1265 
Pigmentation, of skin, 60-63, 61£ 

loss of, in autoimmune disease, 1882, 1884b 
Pilocarpine, for dysautonomia, 899 
Pi] oma tricoma, 750 

Pilonidal sinus/cyst, 877 

Pimobendan, for congestive heart failure, 964, 968-969, 1032, 1033 

FlND-ORF for feline leukemia virus infection, 658 

Pinna 


Platelets (Continued) 

I increased, 791, 1890, 1922 

laboratory evaluation of, 234*235, 291-292, 1920-1923, 

I922-1923t, 1922-1925f 
physiology of, 1918-1920, 19!9f 
reticulated, 235, 1920 
transfusion of, 235, 4641, 4651, 467, 1929 

Platinum compounds, in cancer therapy, 718, 720t 
Platynosomu m fastosu m infestation, 1481 
Play aggression, in cats, 189 
Plesiotherapy, 725 

Plethysmography whole body, 1236 

Pleural effbsion, 204-207, 205? 1275-1279 

in cardiomyopathy, feline, 1089-1090 

clinical signs of, 205-206, 1276 
diagnostic evaluation of, 206-207, 1276-1279 
and dyspnea, 193, 194 
eosinophilic, 1279 
etiology of, 1275-1276 

in mediastinal lymphoma, ] 270 
neoplastic, 1282 

radiographic evaluation of 1209-1230 
in trauma cases, 461-462 
Pleuritis, fibrosing, 1276, 1277f 
Pleurocentesis. See Thoracocentesis 
Plicamydn (mithramydn), for hypercalcemia, 152It, 1522 
Pneumocystosis, 640t, 645, 1252-1254 
Pneumomediastinum, 463, 1267-1268, 12686 

tracheal trauma and, 1232, 1232f 
Pneumonia 

aspiration, 443-445, 445? 1248, 12594260 

as complication of enteral feeding, 336 

radiography of, 1211? 1249, 1249? 1260f 
with bronchiectasis, 123 5 

drug penetration in, 502 
endogenous lipid and, 1266 

Pneumonitis 

aspiration, 443-445,445f 

eosinophilic, in heartworm disease, 1120, 1124? 

1130, 1137 

Pneumothorax, 1282-1283, 1283f 
diagnosis o? 461, 461? 1283 
pneumomediastinum and, 1267-1268 
pulmonary bullae and, 1258-1259, 1258f 
spontaneous, 1283 

tension, 435, 1282 

in trauma cases, 435 
traumatic, 461, 1282 
treatment of, 380, 382-383, 461, 1283 
Pododermatitis, plasma cell, feline, 44, 55 

Po ikilocytes, 1895f 
Poinsettia, toxidty o? 252 
Poison Control Center, 259b 
Poisoning, See Toxicity 
Polioencephalomyebtis, feline, 861-862 
Polioencephalopathy, 824-825 
Poliosis, 60 
Pollakiuria, 103? 109 
Polyarteritis nodosa, 1154-1155, 1963 
Polyarteritis syndrome, juvenile, 1154 
Poly arthritis, 83-85, 85f. See also Arthritis 
feline, progressive, 84, 1961-1962, 1962f 
idiopathic, 1963, 1963? 1964f 

imm une -mediated 

erosive, 83-84, 1961-1962, 1961? 1962f 
nonerosive, 85-86, 1962-1964, 1963? I964f 
treatment o? 1963-1965 
Polychondritis, relapsing, 1171 
Polychromasia, 1887, 1887? 1897f 


dermatoses of, 58t, 1171 
disorders o? 1168-1171, 1169t 
Pinworm infestation, 703 
Piperazine, for intestinal parasitism, I359t 
Piroplasmosis, 643 
Piroxicam 

For analgesia, in bone neoplasia, 763t 
for pain, 519t 

for prostatic neoplasia, 1818 
for transitional cell carcinoma, 785 
Pithium imidiosum> skin lesions and, 31 

Pituitary' dwarfism, 1500-1502, 1501? 1502? 1976 

Pituitary gland, 1593f 

disorders of and diabetes insipidus, 1502-1503 
in glucocorticoid release, 1613, 36l5f 
hypothalamic control o? 120 
neoplasms o? 835, 835f 

and acromegaly, 1499, 1500f 

and hyperadrenocortkism, 1592-1593, 1595, 1608-1609 

radiation therapy for, 7241 
surgery for, 160S, 3611-1612 

PIVKA, See Proteins induced in vitamin K absence or antagonism 

(FIVKA) 

Placenta, retained, 1665, 1706 

Placental sites, subinvolution o? 1665, I666f 

Plague, zoonotic, 704, 1251 
Plants, toxic, 124, 250-253, 1732 

Plaques, cutaneous, 44 

Plasma cell neoplasms, 743-746, 744? 745f 
Plasma cell pododermatitis, 44, 55 
Plasma cell stomatitis, 44 
Plasma clearance of drugs, 496 
Plasma components 

preparation of 464 

transfusion of 464t, 465t, 466-467, 467t, 1928t, 1929 

Plasma proteins 

and calcium blood levels, 1511, 1514-1515, 1531 
decreased. See Hypoproteinemia 

in drug distribution, 495, 501 

in hepa tobili ary disease, 1425-1427 
in oncotic pressure, 412-414 

Plasma transfusion, 464t, 4651, 466-467, 467t 
for edema, 72 

in fluid therapy, 415, 416t, 419 
for heatstroke, 440 

Plasmacytoma 

of 1 arge in testine, 1399 

solitary, 746-747, 751 
PI asm alyte-A, in fluid therapy, 414, 416t 
Platelet-activating factor, in shock, 213t 
Platelets 

decreased. See Thrombocytopenia 
disorders of 

clinical signs of, 232-234, 233-234? 1920, 1920f 
diagnostic algorithm for, 233-234? 192If 

functional. See Thrombocytopathja 
in hepatobiliary disease, 1427 
in paraneoplastic syndrome, 791 
treatment of 1928-1929, 1928t 
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Portosystemic shunts fContmwedlJ 

acquired, 1459f 1463 

and ammonium biurate crystalluria, 1455, 1726, 1726f 

and anemia, 1916-1917 

and ascites, 150 

in cats, 1462-1463 

diagnosis of; 1454-1459, 1460f 

clinicopathologic test results, 1455-1456 

scintigraphy in, 359-360, 361 f, 1457-1458, 1457f 
ultrasonography in, 1434, 1456-1457, 1457f 
and diarrhea, 137-139 
dietary management of, 1459, 1463-1464 
differential diagnosis of 1458-1459 

encephalopathy in, 801, 1456. See also Hepatic encephalopathy 

extrah epatic, 1453, 1459-1461 

history and clinical signs of 1454-1455 

intrahepatic, 1453-1454, 14614462 

and polyphagia, 121, 121b, 122 

postoperative complications, 1463 
and ptyalism, 123, 1454 
and urate urolithiasis, 1825-1826, 1865, 1866 
Portovascul ar dysplasia, 1454 

Portuguese water dog, dilated cardiomyopathy in, 580, 1080 
Positron emission tomography 
in pheoch romocytoma, 1636 
in respiratory disease, 1212 

Postparturient disorders, 1664-1667 
Postural reflexes • 

in head trauma assessment, 410 
in neurologic examination, 807-808, 807f 
in stupor/coma, 162 
Potassium 

in acute renal failure, 1740, 1745*1747 
aldosterone and, 1613 

blood level of decreased. See Hypokalemia 
blood level of, increased. See Hyperkalemia 
depletion of, in feline chronic renal failure, 1 769-1770, 

17784779 

and digoxin distribution, 960 
in heart disease management, 581-582 
intestinal transport of 1381 
intravenous administration of, 419, 910 

metabolism of 239-240 

supplementation of, 1779 

in acute renal failure, 1744, 1747 

for diabetic ketoacidosis, 426, 426f 1573 
in hypokalemic myopathy, 909-910 

Potassium bromide 

adverse reactions to, 165, 170b, 532t 

for seizures, 165, 167b, 168b469b, 170, 170b 

in hepatoencepbalopathy, 801 

Potassium chloride, constant rate infusion of, 549t 
Potassium citrate 

as oral supplement, 1779 
for renal tubular acidosis, 1827, 1828 
for urolithiasis, 1842t r 1849, 1861 
Potassium gluconate, 1779 

Potassium iodate, for hyperthyroidism, 1554t, 1556 
Potassium iodide, for sporotrichosis, 686 
Potassium phosphate 

constant rate infusion of, 549t 
for hypophosphatemia, 1907 

Potpourri, toxicity of, 243 

Povidone-iodine, for otitis externa, 1176t, 1178 
Poxvirus infection, 668t, 670 
Pralidoxime chloride, for insecticide toxicity, 260 
Praziquantel 

for fluke infestation, 1442, 1481, 1492 
for intestinal parasitism, 1359t 




Polycythemia, 215-218, 2l6f 2l8f 
cyanosis and, 219 
and neurologic disorders, 155, 216 
in paraneoplastic syndrome, 791 
primary, 216, 21? 

chemotherapy for, 74 2t, 743 
in right-to-left shunting, 987, 1013 
Polycythemia vera. See Polycythemia, primary 
Polydactyly, 1971-1972, 1972f 
Polydipsia 

in diabetes insipidus, 1504, 1 506f 
in diabetes mellitus, 1567 
evaluation of 102-105 

in hepatobiliary' disease, 1422, 14231 

in hyperthyroidism, 1546 

in primary hyperparathyroidism, 1510 
Polymerase chain reaction (PCR) test 
for borreliosis, 621 
for brucellosis, 627 

for feline immunodeficiency virus infection, 661 

for feline infectious peritonitis, 663-664 
for feline leukemia virus infection, 654 
for intestinal pathogens, 1385-1386 

for leptospirosis, 618 

methodology for, 297 

for mycobacteriosis, 624 

for Rocky Mountain spotted fever, 632 

for toxoplasmosis, 641 

Polymixin B, for otitis externa, 1177t, 1178 
Polymyositis, 904,910 

and mega esophagus, 1305t 
with polyarthritis, 1962 
Polyneuropathy 

and ataxia, paresis, and paralysis, \ 60 
distal symmetrical, 898-899 
and esophageal disorders, 1298 
in paraneoplastic syndrome, 794-795 
and weakness, 30 
Polypeptidoma, pancreatic, 1632 
Polyphagia, 120-123, 121b, 122f 
in diabetes mellitus, 1568 
in hyperthyroidism, 1546 
Polypoid cystitis, 1871-1872, 187If, 1872f 
Polyps 

- of ear, 1183 

nasopharyngeal, 1192-1194, 1198 
rectal, 1413 

Polyradiculoneuritis, acute, 155, 243, 894 
Polyuria, 102-105, 103f 

in diabetes insipidus, 1504, 1506f 
in di abetes mellitus, 1567 
in hepatobiliary disease, 1422, 1423t 
hyperthyroidism, 1546 
in primary hyperparathyroidism, 1510 
Pompe's disease, 905 

Poodle, miniature, pinnal alopecia in, 1168 
Poodle, standard, inherited renal disease in, 1824 

Porphyria, 214t, 1892 

Portal hypertension 

and acquired portosystemic shunts, 1459f 1463 
and ascites, 150, 153, 1422, 1438-1439 

in hepatobiliary disease, 1422 
idiopathic noncirrhotic, 1454-1455 
and splenic congestion, 1949 
Portal vein 

anatomy of 1453 

scintigraphy of 354t, 359-360, 361 f 
Portography, 1458, 1458f 

Portosystemic shunts 
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Praziquantel (Continued) 
for lung parasites, 1255 
for protozoal infection, 640t 
Prazosin 

for feline idiopathic cystitis, 184It 
for hypertension, 477t, 478 
for micturition disorders, 108t, 109 
Probiotics, for inflammatory bowel disease, 1370 
Predatory aggression, in dogs, 185 
Prednisone/ prednisolone 

for adrenocorticoid replacement, in adrenal tumor 

surgery, 1604 

for analgesia, in bone neoplasia, 763t 

for anemia, immune-mediated, 1900 

for anti-inflammatory therapy, 506 

for arthritis, immune-mediated, 1964 

for cholecalciferol toxicity 259 

for cough, 192t 

for dermatitis, pruritic, 43 

effect of, on liver enzyme levels, 1424t, 1425, 

1470-1471 

for eosinophilic granuloma complex, 1294 
for eosinophilic granulomatosis, 1130 
for eosinophilic pneumonitis, 1129, 1130 
for esophagitis, 1304 
for feline bronchial disease, 1236-1237 

for feline infectious peritonitis, 666 

for gastritis, chronic, 1325 

for heartworm disc ase, feline, 1142-1143 

for hepatitis, chronic idiopathic, 1435, 1441, 1444 

for hypercalcemia, 1520, 152It 

for hypoadrenocorticism, 506 f 1620, 1621 

for immunosuppression, 507 

in kidney transplantation, 1753, 1754 
for inflammatory airway disease, 393 
for inflammatory bowel disease, 1370, 1396 
for insulinoma, 1562 
for lymphangiectasia, 1374 
for lymphocytic cholangitis, in cats, 1452-1453 
for lymphoid leukemia, 742 
for lymphoma, 736, 737 
for mast ceil tu mor, 776 

for megaesophagus, 1305t 

for meningitis, 838, 856 

for multiple myeloma, 745, 746 

for neoplastic conditions, 507 
in pancreatic exocrine insufficiency, 1495 

for perianal fistula, 1417 

potency of 505t, 162 It 

for systemic lupus erythematosus, 1957 

for throm bocytopathia, immune-media ted, 1928 

for thromboembolism, pulmonary, 1129, 1133 

for tra cheal disease, 1220t 

for urethritis, proliferati ve, 1870 

Pregn ancy, 1655-1657, See also Parturition 

diagnosis of, 1649, 1705, 1705f 
diet in, 556, 557 

fetal loss in, 651, 1647, 1656-1657, 1684-1685 

hypoglycemia in r 1657 
and insulin resistance, 1657 

management of 1709-1710 
monitoring of, 1656, 1704 
physiology of 1655-1656 

and polyphagia, 120, 121b 
in queen, 1698, 1705 

termination of 

in bitch, 1670t, 1671-1675, 1674f 
in queen, 1675-1676 
and zoonosis, 704 

Preload, in systolic function, 915, 937 


Prepuce 

discharge from, 101, 101 f 
neoplasms of, 786 
Pressure bandage, abdominal, 403 

Pressure overload, in systolic cardiac dysfunction, 916-917, 

919f,929t 


Priapism, 1704 

Primaquine, for babesiosis, 701 
Primidone 


adverse reactions in cats, 5311 
hepatotoxitity of, 1466-1467 

Prions, in transmission of spongiform encephalopathies, 824 

Probiotics, for diarrhea, 1354, 1370, 1396, 1397t, 1398 
Probucol, for hypercholesterolemia, 595 
Procainamide, for arrhythmia, 463, 549t, I057t, 1071, 1321 
ProcalAmine, in fluid therapy, 4l6t 
Procarbazine, in chemotherapy, 718, 718t 
Prochlorperazine, for gastric ulceration, 1319, 1748t 
Proctoscopy, 375-376, 1411 
Proestrus, 1640, 3650 

external signs of 1641, 164 If „ 

prolonged, 1682 

in queen, 1697-1698 
Progesterone 

in canine estrous cycle, 1640f, 1641, 1642, 1644, 1644f, 1650 

in feline estrous cycle, 1700-1701, 1701£ 

for follicular ovarian cysts, 1652 

in luteal failure, 1654 

in ovarian remnant syndrome, 1702 

in parturition, 1656, 1657 

for pregnancy termination, 1672 

in prolonged diestrus, 1653 

in pyometra, 1676 

and timing of mating, 1647, 1649, 1683-1684 
Progestins 

and acromegaly, 121, 1499 
adverse reactions to, 1622 

and polyphagia, 121b 
Program. See Lufenuron 
Prol actin 

in canine estrous cycle, 1644, 1644f 1682 
in feline estrous cycle, 1700 
in lactation, 1657 
in pregnancy, 3673, 1701 
in transition from anestrus, 1645, 1650 
Proliferative glomerulonephritis, 1793-1794, I793f 
Propafenone, for arrhythmia, I05?t, 1072 
Propentofylline, for cognitive dysfunction, 182 
Propionibaaerium acnes „ as Lmmunomodulator, 658, 662, 666 
Propofol 

constant rate infusion of, 549t 
for pediatric spay/neuter, 16681 
for seizures, 168b, 442 
Propranolol 

for arrhythmia, 1058t, 1073 

in hyperthyroidism, 1554t, 1555-1556 

dosa gc of in renal failure, 1776t 
for hypertension, 477t, 478 
Proprioception, 845 

Propylene glycol toxicosis, 258 
Propylthiouracil 

adverse reactions in cats, 53It 

and antinuclear antibody production, 1952 

for hyperthyroidism, 1553 

Prosaptide TX 14(A), for distal symmetrical polyneuropathy, 899 
Prostaglandin F 2aj 1655t 
for acute metritis, 1665 
in parturition, 1657 

for pregnancy termination, 1670t, 1672, 1673, 1675 
for pyometra, 1679, 1702 
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Protozoa! infection (Continued) 
and arthritis, 1960 
and coughing, 190b 
drugs for, 64Ot 

enteric, 638-639, 1359-1360 

of 1 arge intestine, 13 851, 1387-1388 

and myocarditis, 1081 

and neurologic disease, 155, 836b, 837, 840, 878-879 
poly systemic, 639-645 
an d resp iratory disease, 1209, 1252 
Protozoal myelitis, 878-879 
Prucalopride, for constipation, 1406 

Pruritus, 38-43, 40t, 4 It, 42f 
and alopecia, 34 
in erosive dermatitis, 47 
in food allergy, 568 
glucocorticoids for, 43, 52 

and hyperpigmentation, 62 

in pyoderma, 38, 39, 40t, 51 

skin masses and, 46 
Pseudoanorexia, 117, 119f 

Pseudocyesis, 1644, 1654-1655 

Pseudocysts, of pancreas, 1487, 1491 
Pseudoephedrine, for incontinence, 511 
Pseudoh erm aphroditism, 1689f 
Pseudomonas infection 

antibiotics for, 499, 501-502 

and otitis externa, 1178, 1179 
and pyothorax, 1280t 
Pseudoneoplasms, cutaneous, 43-44, 46 

Pseudopregnancy, 1644, 1654-1655 

Pseudoptyalism, 123 

Pseudorabies, 650-651, 829 
Psychogenic dermatitis, and pruritus, 39, 40t, 4 It 
Psychogenic polydipsia, 105 
Psychogenic polyphagia, 120,121b, 123 
Psyllium, for constipation, 511, 1404t, 1405 
Ptyalism, 123-126, 125f 
Puberty, 1640, 1697, 1701 
delayed, 1650-1651, 1681 

Public health concerns. See Zoonosis 
Puerperal tetany. See Eclampsia 
Pug dogs 

idiopathic encephalitis of, 829, 840 

syncope in, 26 

Pulmonary, See also Lung 

Pulmonary alveolar proteinosis, 1265-1266 

Pulm onary arteriovenous fistula, 1158 

Pulmonary artery, heartworm disease damage to, 1119-1120, 1137 
Pulmonary compliance, 1216 
Pulmonary contusion, 435, 443, 462, 1259 
Pulmonary edema, 443, 444f, 1240-1241, 124 I f 
in acute respiratory distress syndrome, 1262 
in congestive heart failure, 405-406 
iatrogenic, in renal failure, 1737-1738, 1744, 1749 
in mitral insufficiency, 1027-1028, 1032, 1034 
neurogenic, 435 

Pulmonary emergencies 443-446, 444f, 445f 
Pulmonary fibrosis, 1264-1265, 1264f 
Pulmonary function testing, 1216 
Pu Imo n ary h ypertension, 1284-1286, 1285f, 1286f 
in heartworm disease, 1120 
and hemoptysis, 231b 
in mitral insufficiency, 1034 
in right-to-left shunting, 982-984, 989 

Pulmonary hypertrophic osteoarthropathy. See Hypertrophic 

osteopathy 

Pulmonary infiltrates with eosinophils, 1256-1258, 1257f 
Pulmonary mineralization, 1264, 1264f 
Pulmonary neoplasia. See Lung, neoplasms of 


Prostaglandins 

in fever production, 11 

as gastrointestinal paracrine substances, 1624t, 1627 

in pain, 23 

for pregnancy termination, 1670t, 1672, 1673, 1675 

in shock, 213t 

Prostate gland, 1809-1819 
abscess of, 1818-1819 
anatomy of 1809, 1809f 
antimicrobial penetration into, 1816, 1816f 
bacteria! infection of 

acute, 1818-1819 
antibiotics for, 499 
chronic, 1816-1817 

benign hyperplasia of, 1694, 1815-1816, 1816f 

biopsy of, ultrasound-guided, 273, 1815, 18!5f 

in cat, 1697, 1704 

cysts of, 1694, 1819, 1819f 

cytology of, 1814-1815, 1814f 

disorders of 

in acute abdomen, 401, 402 

clinical signs of, 1810 

examination of 8, 1693, 1810-1813, 1810t, 1811-1813f 
prostatic fluid in, 1813-1814, 1813f 1814f 
neoplasms of 785-786, 786f 1817-1818, 1817f 1818f 
physiol ogy of 1809-1810 
Prostatitis, 1694 

Protamine zinc insulin, in diabetes mdlitus, 1576, 1 576t, 1588f 
Protease inhibitors, in pancreatitis, 1483, I484f 
Protein C 


activated, as anti-inflammatory therapy, 454 
in coagulation inhibition, 1148 
Protein electropho resis, of urine, 116 
Protein S, in coagulation inhibition, 1148 
Protein-losing enteropathy, 1345, 134St, 1375 


ascites in, 151 


dietary management of 572 
edema in, 7It 
tests for, 140 
in wheaten terriers, 1372 

Protein-losing nephropathy. See Nephropathy, protein-losing 
Proteins 


of coagulation. See Coagulation factors 

in diet, 558, 558t 

in gastrointestinal disease, 571-572 
in heart disease, 580 
in hepatic disease, 574, 576 
in renal failure, 584, 1749, 1774 

metabolism of 

in paraneoplastic syndrome, 790 
in uremia, 1768 
in parenteral nutrition, 588 
plasma. See Plasma proteins 
small intestinal absorption of 1335 
in urine* See Proteinuria 

Proteins induced in vitamin K absence or antagonism (P1VKA), 

1426,1473,1934-1935 

Proteinuria, 113f 114-116, ll5t 

in acute renal failure, 1741 

assessment of, 1719-1 720 

in glomerular function testing, 1719-1720, I7l9t 
in glomerulopathy, 1788 

in progression of renal disease, 1761, 1763, 1764, 1771, 1797 
in urinalysis, 1722 
Proteus spp., antibiotics for, 499 
Protothecosis, 645-646 
and acute diarrhea, 1357 
of central nervous system, 836b, 850-853 
of large intestine, 1385t, 1390 
Protozoal infection, 638-645. See also specific diseases 
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Pulmonary thromboembolism, 1159, 1287-1288 
in coagulopathy, 193 6 
and cyanosis, 220b 
diagnosis of, 446, 1212f P 1213 

and dyspnea, 193, 194 

in heartworm disease, 1120, 1130-1131, 1 I31f 1137 

and hemoptysis, 231b 

in h yperadren ocortidsm, 1609-1610 

and pulmonary hypertension, \ 284 
Pulmonary tuberculosis, 623-624 
Pulmonic insufficiency, 198, 993-994, 994f p 995f 
Pulmonic stenosis, 9984006 

clinical findings in, 1000-1005, lOOOf 10034 006f 

management of, 1006, 1007£ 
murmur of 198, 974t 
natural history of 1005-1006 
pathology of 998-1000, 1001-1002f 

Pulmonic valve atresia, 1017 
Pulse alterations 

arterial, 200-201,20If, 202f 

venous, 201-204, 203f 
Pulse oximetry 

in congenital heart disease, 977 
in cyanosis, 220 

in hypoxemia monitoring, limitations of, 401 
in respiratory disease, 1215-1216 
Pulse pressure, 200 
Pulseless electrical activity, 407, 408 
Pulsus aitemans, 201 
Pulsus paradoxus, 201, 406 

in cardiac tamponade, 1108-1109, 1109f 
Pumpkin, canned, for constipation, 1404t, 1405 
Pupillary light reflex, 98, 161*162 
in head trauma assessment, 410 
in neurologic examination, 809-810, 809f 
Pupils, in brain disorders, 94, 161-162 
Puppies. See also Neonates 

diet for, 561 -562 

in large breeds, 561,565, 566 
early neutering of 1667-1669 
fading puppy syndrome, 267, 1711-1712 
hand rearing of 562, 1710-1711 

herpesvirus infection of, 651-652, 1647, 1656, 1685, 1711 
normal laboratory values for, 1712t 

pyoderma in, 51, 52 

Purine urolithiasis, 1825-1826, 1854t, 1864-1867, 1865F 
Purpura, 232-235, 233-234f 

Pustules, 51-54, 52t, 53-54£ See also Pyoderma 
in autoimmune disease, 1882, 1884b, 1885 
Pyelocentesis, ultrasound-guided, 275 

Pyelography 

in acute renal failure, 1741 
scintigraphic, 369-374, 372f 373f 
ultrasound-guided, 274 
in ureteral obstruction, 1878-1879 
Pyelonephritis 

and acute uremia, 1734 
in hyperadrenocorticism, 1610 
and polyuria, 104 
and proteinuria, 1 15t 

treatment of, 449 
Pylorus, endoscopy of 375 
Pyoderma, 43, 51-54, 52t, 53-54£ 

anti biotics for, 501-502 
and body odors, 91 
crusts and scales in, 56t 
erosions and ulcers in, 49 

and hyperpigmentation, 62 

pruritus in, 38, 39, 40t 


Pyogranuloma, cutaneous, 44 
^yometra 

I and acute abdomen, 401,402 

cystic endometrial hyperplasia and, 1676-1680, 1677t, 1678f 1678t 
emergency treatment of 450t, 451-452 
and polyuria, 104 
in queen, 1702, 1702f 
of uterine stum p, 1679 
Pyothorax, 206, 1278t, 1279-1281, 128Gt 
Pyotraumatic dermatitis, 49, 56t 

Pyrantel, For intestinal parasitism, 640t, 1359t 
Pyrethrin/pyrethroid insecticides, 64, 67, 68 
for otitis externa, 1177t 
toxidty of, 124, 259 
Pyrexia. See Fever 

Pyridostigmine, for myasthenia gravis, 896, I305t 

Pyridoxine 

d eficiency of, 573t, 1917 
toxidty of to peripheral nerves, 8931 
Pyrimethamine, for toxoplasmosis, 640t, 642 
Pyrogens, 10-11, lib, lit 

Pyruvate kinase deficiency, ZMt, 265t, 1893t, 1895*1896 
Pythiosis, 687-688, 687f 

and chronic gastritis, 1323, 1324-1325 
intestinal, 305f 1358, 1385t, 1389-1390 

Pyuria 

defined, 1800 

in urinalysis, 1723, 1724-1725f, 1724b 
and urine color, 112t, 113f 114 


Q fever, 704 

QRS complex, 1041,1047, 1047f 1063f 

Quinidine 

for arrhythmia, 1058t, 1071 

digoxin interactions with, 960 


Rabies, 650, 702, 829 

vaccination for, 61 lt r 613t, 650 
Radial nerve avulsion, 898 
Radial nerve, functional evaluation of, 889t 

Radiation safety, 354-355 
Radiation therapy 

for brain neoplasms, 833 
for hem angiosarcoma, 761 

for lymphoma, 738, 738f 739 
for mast cell tumor, 776 
for oral neoplasia, 1294 
for osteosarcoma, 762-763, 765 

for pituitary neoplasia, 1609 

procedures for, 721-732 
biologic effects of 721-722 
with chemotherapy, 709, 731-732 

complications of, 722 

goals for, 727 

with hyperbaric therapy, 551 

as primary treatment, 728 
with surgery, 728-732, 729f 
techniques for, 725-726 
tumor types treated, 722-725t 
for soft tissue sarcoma, 756, 757 
for spinal neoplasia, 876 

for transitional cell carcinoma, 785 
Radioallergosorbent test (RAST), in allergy testing, 43, 1362 
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Ranula, pharyngeal, 1198-1199 

RAST (radioallergosorbent test), in allergy testing, 43, 1362 
Rattlesnake bites, 246 
Recluse spider bites, 247-248 
Records, medical, 9, 488 

Rectal suppositories, for constipation, 1403-1404, 1404t 
Rectum 

anatomy of, 1408-1410, 1409f 
cytology of, 377, 1348, 1386 
disorders of, 1411-1415 
and hem atoch ezi a, 141 b 
with perineal hernia, 1411-1413, 14] 2f 
endoscopy of, 375-376, 1411 
neoplasms of, 1399,1406,1413 
prolapse of; 1400, 1407-1408, 1413-1414, 1415f 

stricture of, 1414-1415 

Red blood cells. See Erythrocytes 
Red cell aplasia, 1913 
Reflex syncope, 24-26 

Regulation of veterinary drugs and supplements, 514, 

515,524 

Regurgitation, 128-131, 131b 

cranial neuropathies and, 176 
diagnostic algorithm for, 130f I74f 
in esophageal disease, 1298, 1299t, 1300f, 1304 
and ptyalism, 124 
as sign of dysphagia, 1201 
vascular ring anomaly and, 1306 
Rehydration. See Fluid therapy 
Relaxin, 1657, 1701 
Renagel, 1778 

Renal failure. See Kidney failure 

Renal replacement therapy, for acute renal failure, 1750, 

See also Dialysis 


Radiofrequency ablation, for arrhythmia, 1075 

Rad lography, See also specific tech niques , e.g ., Myelography, and 

specific regions of body 

in acute abdomen, 403 
in aspergillosis, 695, 696f 
in blastomycosis, 677-678, 677-678f 
in coccidioidomycosis, 692, 692f 
in discospondylitis, 859f 860f 
in ear disease, 1172 
of gastrointestinal tract 
in emergencies, 430, 432t 

in esophageal disorders, 1298-1299, 13Qlf, 1306f, I308f 
in gastric disease, 1315, 1317 
delayed emptying, 1326, I328t 
dilatation and volvulus, 1320, I320f 
in large intestinal disease, I379f 1386, 140If, I403f 
in small intestinal disease, 1348, 1349t ( 1350f 

of heart 

in cardiomyopathy, 1077, 1084-1085, 1084f 1092 

in congenital heart disease, 975. See also specific disorders 
in congestive heart failure, 935 
in mitral insufficiency, 1026-1028, 1027f 

in tricuspid insufficiency, 1035 

in heartworm disease, 1122, 1123f 1124f 1131f 

feline, 1139, H41f, 1142f 

in hepatobiliary disease, 1430 
in histoplasmosis, 681,682f 
in hyperadrenocorticism, 1597 
in hyperthyroidism, 1547-1548 
in hypoadrenocorticism, 1618-1619, 1619f 
intervertebral disk herniation, 866-867, 867f 
lumbosacral vertebral canal stenosis, 871, 872f 873f 
lymphoma, 735, 735f 

in mediastinal disease, 1209-1210, 1268f 1269f 1271f 
of multiple myeloma, 745, 745f 
in nasal and sinus disease, 209, 1188, 1193f 
of osteo myeli tis, 1990, 1990f, 199 If 
of osteosarcoma, 762, 770f 

in pancreatitis, 1485 r 1489 

in pericardial effusion, 406, 463, 1109-1110, 1109f, 11 lOf 

in pericardioperitoneal hernia, 1106, 1106f, ll07f 
in pharyngeal/laryngeal disease, 1197 
in pneumothorax, 461, 46If 

of prostate tumors, 786f 
in prostatic disease, 1811-1812, 1812f 
in pulmonary embolism, 1130-1131, 1131f 
in respiratory disease, 190-191, 191f 1209-1211, 1210b. See abo 

specific disorders 

in skeletal disorders, 1968, 1968b. See abo specific dborders 
in spinal cord disorders, 843, 875 
in splenomegaly, 1945 

of urinary tract, 1728, 1833, 1851, I852f 
Radio iodine therapy for hyperthyroidism, 358-359, 1557-1558 

Radionuclide imaging. See Scintigraphy 
Radiopharmaceuticals, 354, 355t 
Radiotherapy 

for prostatic neoplasia, 1818 
for thyroid neoplasia, in dogs, 1560 
Radius, agenesis of 1970-1971, 1971f 
Raisin toxicosis, 244, 250 
Ramipril, for hypertension, 4771 
Ranitidine 

for constipation, 14G4t, 1406 
for delayed gastric emptying, 1329 
for esoph a gitis, 1301 
for gastric acid reduction, 511 

for gastrinoma, 1631, 1631b 

for gastritis, in acute renal failure, 1748t 
for gastrointestinal ulceration, 432, 449 






in 


in 


m 


Renal tubules 

acute injury of, 1734-1736, 1735f 

in diabetes insipidus, 1828 

disorders of, 1825-1828 

in glomerulopathy, 1771, 1797 

and metabolic acidosis, 1827-1828, I827t 
and proteinuria, 115t, 116, 1763 
in Fanconi syndrome, 1826-1827 
functional evaluation of, 1 720-1722, 1720t 
physio logy of, 1824-1825 

Renin-angiotensin-aldosterone system 

in hypertension, 475-476 

in mineral ocorticoid regulation, 1613 

in progression of heart failure, 923-925, 927t, 954, 956f 

Reovirus infection, 6681 , 670-671 

Reproductive system. See abo Breeding management; 

specific stractu res, e.g , Ovan es 


of bitch 

anatomy of 280f 338-339, 339f 

and contraception, 1668, 1671 

estrous cycle in, 1640-1647, 1649-1655, I649f 

and parturition, 1657-1664 

and postpartum period, 1664-1667 

and pregnancy, 1655-1657 

and pregnancy termination, 1670t, 1671-1675, I674f 

disorders of 

and acute abdomen, 402t 

and proteinuria, I15t 

and vaginal discharge, 98*101,99t, IQOf 

of dog 

anatomy of, 1693 

and contraception, 1668, 1671 

disorders of 1693-1694 
emergencies of 450-452, 450t 
and infertility. See Infertility 


I 


IN 


Volume l pp 1-912 * Volume II pp 913-1992 









txii 


INDEX 


Reproductive system (Continued) 
o F q ueen 

anatomy of 1696-1697 

and contraception, 1668, 1675-1676 

disorders of, 1701-1704 

estrous cycle in, 1697-1701, I699f, 1700f 

in postpartum period, 1706-1707 

and pregnancy, 1705-1706 

and pregnancy termination, 1675 

of tom 

anatomy of, 1697 
and contraception, 1668 
disorders of, 1704-1 705 

physiology of, 1701 
Respiratory acidosis/alkalosis 

pathophysiology and treatment of, 396, 400 
and ventilation, 1215-1216 

Respiratory distress syndrome, acute, 446, 1262-1263, I263f 
Respiratory pattern, in stupor/coma, 162 

Respiratory sinus arrhythmia, 1046f 1053 

Respiratory system. See also specific structures , e.g. t Trachea 
bacterial infection of, 502 

biopsy of lower airways, endoscopic, 383 
disorders of Sae Respiratory system disorders 
evaluation of, 1206-1217, l2G8f 
blood gas analysis, 1215-1216 
cytologic sampling, 1214-1215 
imaging techniques, 1209-1213 
laboratory diagnostics, 1207, 1209 
physical examination, 1206-1207 
pulmonary function testing, 1216-1217 

scoping procedures, 1213-1214 
si gnalment and history, 1206-1207 
normal flora of 1215, 1234b 
traumatic injury to, 435, 435f 
Respiratory system disorders 

in acute renal failure, 1737-1738, 1749 
and anorexia, 117, 119f 
and body odors, 89b 
and coughing, 189-192 

and cyanosis, 219, 220b 
distemper virus and, 649 

and dyspnea, 192-195 
glucocorticoids for, 506-507 
and hemoptysis, 230-231, 231b 

and pulmonary hypertension, 1284 
and weakness, 30 
Response substitution, 183 
Retching, 128, 132 

Reti culoacti vatin g system, 161, 814, 814f, 815f 

Reticulocyte count, 1887, 1908 

Retieulocytes, 1886-1887, I887f, 1909t 

Retina 

degeneration of 

central, feline, 94, 97b, 559 

sudden acquired. See Sudden acquired retinal 

degeneration (SARD) 

detachment of 97b, 6721 

disorders of 

hypertension and, 96, 282-283, 474 
inherited, 2651, 268, 541 
vision loss and, 94, 96, 97b 
Retjnochoroiditis, systemic disease and, 94, 672t 
Retinoids, See Vitamin A 

Retinopathy, in Briard dogs, gene therapy for, 541 
Retrobulbar abscess, and dysphagia, 131b 
Retroviral vectors, in gene transfer, 540, 540f, 542f 

Retroviruses, 653 


Reverse sneezing, 189, 207 

Rex cat, myopathy of 907t, 908-909,908f 
Rhabditic dermatitis, and pruritus, 40t 

Rhabdomyosarcoma, 1116. See also Sarcoma, soft tissue 

Rheolytic thrombectomy, for arterial thromboembolism, 1102 
Rheovirus, feline, 668t 

Rheumatoid arthritis, 83-84, 1961, 1961 f 

Rhinitis 

aspergillosis and, 694-699, 1191-1194, 1191-1194f 

cryptococcosis and, 683 
glucocorticoids for, 507 
soft palate abnormalities and, 1200, 120Qf 
zygomycosis and, 689-690 
Rhinoscopy, 378-380, 1190 
in epistaxis, 229 
in nasal disease, 1213 
in sinonasal aspergillosis, 696, 696f 
in sneezing/nasal discharge, 209 

Rhinotomy, in diagnosis of epistaxis, 229 

Rhinotracheitis virus, feline. See Herpesvirus infection, feline 
Rkipwephalus ticks 

as babesiosis vector, 643, 1904 
as ehrlichiosis vector, 633 
as hepatozoonosis vector, 642 
as rickettsial vector, 631 

Rhododendron, toxicity of, 245, 251 
Rhubarb, toxicity of 251-252 
Riboflavin, deficiency of, 573t 
Ribs 


fractures of, 435, 462^63 
neoplasms of 769, 77Qf 1274 

Ririn, 245, 252 

Rickets, 563-564, 1985, 1986f 1987f 

Rickettsial in fection, 631-636, See also specific diseases 
and arthritis, 1960 
in cats, 635 

coinfection in, 635-636 

and enteritis, 1357 

and neurologic disease, 633, 836b, 837, 840, 850-853 

and respiratory disease, 1209, 1251 
and skin lesions, 31 

Rifampin 

for meningomyelitis, 853 
for mycobacteriosis, 625 
Rift valley fever, 700 
Right aortic arch, persistent, 1020f 
Ringer's solution, in fluid therapy, 414, 4l6t 
Ringworm infection. See Dermatophytosis 
Rocky Mountain spotted fever, 631 -632 
of central nervous system, 851-853 
coinfection in, 635-636 

and neurologic dysfunction, 840 
and respiratory disease, 1251 
Rodenticide toxicosis, 244, 258-259, 1933-1935, 1934b 

plasma component transfusion for, 466, 467, 467t 
Rotavirus infection, 648, 668t, 670-671 
Rotenone, 64, 66, 11 77t 

Rottweiler 

inherited renal disease in, 182It, 1823 
leukoencephalomyelopathy of 870 
neuroaxonal dystrophy of 825, 876 
Rouleaux formation, 1899f 
Round cell tumors, 751 

Roundworm infestation, and intestinal disease, 

1358, 1359t 

RU 486, for pregnancy termination, 1670t, 1673 
Rule of 20, 433b 

Rutin, for chylothorax, 1282 


Volume I pp 1-912 * Volume II pp 913-1992 


INDEX 


■ I * * 

Ixut 


Scintigraphy (Continued) 
of lungs, 3S4t 

in mediastinal disease, 1211 
in metastatic neoplasia, 772f 
of parathyroid gland, 1517 
in pheochromocytoma, 1636 

of portal vein, 359-360, 361 f 1457-1458, 1457f 

in pulmonary thromboembolism, 1287 
in respiratory disease, 1211-1212 

of thyroid gland, 355-359 
canine, 359, 359f 360f 1559 
feline, 355-358, 356f r 35 7f 358f, 1552-1553 

Scopolamine, adverse reactions in cats, 53It 

Scottish fold cat, osteochondrodysplasia in, 1975, 1975f 

Scotty cramp, 828 

Scrapie, 824 

Scrotum 

edema of, in rickettsial infections, 632, 633 
herniation into, 1695, I695f 

Seasonal flank alopecia, 63 
Sebaceous glands 

inflammation of, 55, 58t 
neoplasms of, 750 
Seborrhea 

and body odors, 91 

primary, 55, 571, 60 
scales and crusts in, 55, 58t 

Secretin, 1623t, 1625, 1630 

Sedation 

in gastric dilatation/volvulus, 1321 
in hepatic encephalopathy, 1439 
for 1 ary n gosco py, 1213 
for renal biopsy, 1730 
and splenic congestion, 1949 
for tracheoscopy, 1218 
Sedatives, anaphylaxis from, 458b 

Seeds, toxicity of, 253 
Seizures, 164-170 

classification of 164-165 
chent information on, 169b 
diagnosis of, 165, 166f 
differential, 242-243 
drug contraindications in, 169b 
and hyperthermia, 12 
hypocalcemia and, 1529 
vs. paroxysmal dyskinesias, 828 
pathophysiology of 165 
and ptyalism, 124 
and sleep disorders, 180 
with stupor/coma, 162 

vs. syncope, 27, 27t 

syncope in, 26 

treatment of, 165-170. See also Anticonvulsants 
emergency, 167-168b 
maintenance, 168-170b 


Sacrocaudal dysgenesis of Manx cats, 879 

Saddle thrombus, feline. See Thromboembolism, arterial 

Sago palm, toxicity of 244, 252 

Salbutamol. See Albuterol 

Salicylates. See Aspirin 

Saline 

diuresis with, for cisplatin nephrotoxicity, 766t 
hypertonic 

for brain injury, 411 

in fluid therapy, 415, 4l6t 

infusion of in diagnosis of diabetes insipidus, 1505, 1507f 

in shock, 457 
isotonic 

in fluid therapy, 414, 4l6t 
in hypoadrenocorticism, 1620 
Salivary cysts, 3198-1199 

Salivary gland disorders, 126, 1295-1297, 1296f 1297f 
Salmeterol, foF bronchoconstriction, 392, 393 
Salmon poisoning, 1357 
Salmonella infection 

and diarrhea, 1356-1357, 1385t, 1392 
zoonotic, 703 

Salt poisoning, and acute blindness, 243 

SAMe 

as antioxidant, 523 

for hepatic disorders, 575, 1437, 1440 
Samoyed, inherited renal disease in, 182It, 1823 
Sarcocystis infection, 638-639, 701,903 

5 arcoma. See also specific sites and na mes of specific iu mors 

soft tissue, 752-757, 752b, 752t, 755f 

radiation therapy for, 722t-723t 

vaccine-associated, 752, 753, 754f 756-757 

Sarcomeric gene mutation, in cardiomyopathy, 1087 
Sarcoptes scahiei infestation, See Scabies 
SARD. See Sudden acquired retinal degeneration (SARD) 
Sarmazenil, 801 

Saw palmetto, for prostatic hyperplasia, 525-526, 1816 

Scabies, 67, 69t 

crusts and scales in, 56t 

diagnosis of, 43, 55, 67 
erosions and ulcers in, 50 
of pinna, 1169-1170 
pruritus in, 38, 39, 40t, 411 

skin scrapings for, 388-389 
treatment of 67 

Scaling, of skin, 55-60, 56-58t, 59f 

Scandinavian Al catheter, 280f 281 
Scapula, neoplasms of 769 
Schiff- S herrin gton sign, 160, 848, 849 
Schistocytes, 1907, 1907f 

Schistosomiasis, 1387 
Schnauzer, miniature 

idiopathic hyperlipidemia of 593 
inherited renal disease in, 1823 
Schwann cells, 888, 891, 892t 
Sciatic nerve, functional evaluation of 889t 
Scintigraphy, 354-374, 3S4t 

background and techniques, 360-365, 362t, 3631 
of bone, 1968 

neoplastic disease, 363-365, 366f, 367f 770 
non neoplastic disease, 365-369 
normal scans, 364f, 365f 
three-phase, 368-369, 369t, 37If 

in delayed gastric emptying, 1328, 1328t 

in discospondylitis, 859 

in glomerular function testing, 369-374, 372f, 373f 1718-1719 
in hepatobiliary disease, 1430 

in hypothyroidism, 1541 












i 


Selamectin 


IN 


adverse reactions to^ 254, 25 51 
for asc arias is, 67 

as heartworm adultiddev 1128, 1136 

in heartworm prophylaxis, 1126-1127, !126t, 1140, 1144t 

for intestinal parasitism, 1359t 

mode of action, 255t 

for otitis externa, 1178 

Seldinger technique for peritoneal lavage, 269, 27Of 
Selegiline hydrochloride, for hyperadrenocortidsm, 1608 
Selenium, in diet, and feline hyperthyroidism, 1545 
Semen. See also Artificial insemination 
abnormalities of, 1693-1694 
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Semen (Continued) 

collection of, 1691, 1691 f 1707 

evaluation of, 1690-1692, 169U, 1692f r 1707 
freezing of, feline, 1707-1708 

viability of, 1683 

Semilunar valve insufficiency, 1036 
Seminoma, 1696, 1696f 

Senility. See Geriatric disorders 
Sensory ganglioneuritis, 895 
Sensory neglect, 814-816, 815f 

Sensory nerves, developmental/congenital disorders of 89 2 1 
Separation anxiety, in dogs, 185 

Sepsis, 452-454, 453b 

and acute respiratory distress syndrome, 1262 
and jaundice, 223, 1428 
shock in. See Shock, septic 
and splenectomy, 1951 
treatment of, 403, 454 
Septal defects, cardiac, 987-993, 988-993f 
Serology, 297-299, 600-603 

interpretation of, 189-191,600-601 

terminology, 600, 6011 

in blastomycosis, 679 

in borreliosis, 620-621 

in brucellosis, 626-627 

in coccidioidomycosis, 691 

in cryptococcosis, 684-685 

in feline immunodeficiency virus infection, 661 

in feline infectious peritonitis, 663 

in feline leukemia virus infection, 654 

inheartworm disease, 1I2M122, H21t, 1138-1139 

in leptospirosis, 617-618 
in mycobacteriosis, 624 
in pythiosis, 687-688 

in respiratory disease, 1209 
in Rocky Mountain spotted fever, 632 
in toxoplasmosis, 641 

Serotonin (5-hydroxytryptarnine), 213t, 1624t, 1626, 1627 
Sertoli cell tumor, 786-787 

cryptorchidism and, 1695 
feminizing syndrome with, 1696, 1914 
skin changes in, 32 

Sesamoid fractures, diagnosis of scintigraphic, 367 
Sex hormones* See also specific hormones or drugs 
adrenal production of, 1614f 
elevated levels of and hepatopathy, 1471 
Shaking puppy syndrome, 157, 265t 
Shar Pei 

familial renal amyloidosis of 1794, 1795, 1821 t r 1823-1824, 1962 
immunodeficiency in, 1942 
Shih Tfcu, inherited renal disease in, 1823 
Shivering, 156, 157 
Shock, 455-457, 456f 

cardiogenic, 211, 21 It, 455, 457 
causes of 211, 21 It, 455 
clinical signs of 211, 455-457 
distributive, 455, 457 

endotoxic, in gastric dilatation/volvulus, 1320-1321 

hypovolemic, 211,21 It, 455,457 

mediators of 213t 

noncardiogenic, 211, 21 It 
septic, 211, 2llt, 455 
defined, 452, 453b 

glucocorticoids for, 507 
in neonates, 1713 
pyometra and, 1677 
treatment of 4 56f r 4 57, 507 

fluid therapy in, 415, 418b, 419-424, 422t, 423f, 457 
Short bowel syndrome, 1377-1378 


Sialoceles, pharyngeal, 1198-1199 

Sialography 1296, 1297f 

Siamese cat 


inherited renal disease in, 182U 
pinnal alopecia in, 1168 
Sick sinus syndrome, 26, 1068-1069 
Silibinin. See Silymarin (milk thistle) 

Silica urolithiasis, 1855t, 1868-1869 
Silver nitrate, for otitis externa, 1177t 

Silver sulfadiazine, for otitis externa, 1177t, 1178, 1179 
Silymarin (milk thistle) 

for hepatic disorders, 575, 1437, 1440, 1444 
for hepatotoxicosis, 525, 1469 
Simethicone, for flatulence, 149 

Single-gene traits, 266 
Sinoatrial node, 1040 

Sinus rhythm, disturbances of 1053-1054, 1054f 

SIRS. See Systemic inflammatory response syndrome (SIRS) 
Sjogren syndrome, 1962 
Skeletal disorders, 1965-1991, See also Bone 
acupuncture for, 534 


Skin 


aspirate cytology of 305-307 
bacterial infection of See Pyoderma 
biopsy of 

in autoimmune disease, 1885b 
in hypopjgmentation, 62 

of masses, 46, 748 

in pruritic dermatitis, 41 
in scales and crusts, 55, 59 

technique for, 306-307, 389-391 
fungal infection of See Derma top hytosis 
inflammation of See Dermatitis 
mass lesions in, 43-46, 45f 672t 

neoplasms of 43-46, 45f 747-751, 748b. See also specific neoplasms 
and erosions/ulcers, 47b, 50 
radiation therapy for, 722t 

parasitism of See Ectoparasitism; specific parasites 
Skin disorders 

allergy and. See Allergic dermatitis 

and alopecia, 34-37, 35t, 36-37f 39 

and body odors, 89, 89b, 91, 91b 

of cats, 3 5t, 37f 411 

crusts in, 55-60, 56-58t, 59f 

of dogs, 35t, 36( 40t 

and ear disease, 1168-1171, U69t 

in endocrinopathies, 32-33, 57t, 62 

erosions in, 46-50, 47b, 48f, 49b 

glucocorticoids for, 506 

in hyperadrenocorticism, 1595, 1596f 

i n hypothyroidism, 15 3 7 

immune-media ted, 31-32, 57t, 58t, 60, 1882-1885, 1883f 

1884-1885b 

in infectious diseases, 31,35t, 44, 47b r 49 
neoplasia-related, 32 
and pigmentation, 60-63, 61 f 
pruritus in. See Pruritus 

pustules and papules in, 51-54, 52t, 53-54f See also Pyoderma 

scaling in, 55-60, 56-58t, 59f 

in systemic disease, 31-33, 50 

systemic lupus erythematosus and, 1953-1954 

ulcers in, 46-50, 47b, 48f 49b 
zoonotic, 703 
Skin fold pyoderma, 49 

Skin scrapings, 40, 55, 66, 388-389 
Skull 


calvarial hyperostosis of 1979-1980 

neoplasms of 768, 769f 

osteopathy of with mandibular osteopathy, 1976-1978, 1977f 
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Skunk odor elimination, 91 
Skye terrier, chronic hepatitis in, 1446 
Sleep apnea, 177, 180 
Sleep disorders, 176-181, 178 179f 
Small intestine, 1332-1378 
algal infection of, 1357 
anatomy of 1332-034, 1334f, 1335f 

bacterial flora of 1337 
bacterial infection of, 1356-1357 

bacterial overgrowth of, 1364-1367, 1365b 

in histoplasmosis, 682 

in pancreatic exocrine insufficiency, 1494 

tests for, 139-140, 1351, 1366 
digestion in, 1333 

disorders of 

acute, 1353-1354, 1353t 
and borborygmi, 1345 
breed predilection in, 1347t 
chronic idiopathic, 1360-1361 

diagnosis of 

biopsy in, 1346b, 1351-1352, 1352b 

clinical findings in, 1343-1345, 1346b, 1346t, 1347t 

endoscopy in, 1351, 1362 

fecal tests in, 1346-1348,1348f 
imaging in, 1348-1349, 1349t, 1350f, 135If 
laboratory tests in, 1349-1351, 1351f 
and diarrhea, 139-140, 1343-1344, 1343b, 1344b 
and flatulence, 148, 1345 

food allergy and, 1341-1342, 1361-1364, 1361b, 1363b 

food intolerance and, 1362-1364 

ileus in, 1340-1341, 1341b, 1349b, 1377 

irritable bowel syndrome, 568, 137It, 1378, 1378b 

lymphangiectasia in, 121, 121b, 1373-1375, 1373f 1374f 

and malabsorption, 1344, 1344t 

and melena, 1344,, 1345t 

pathophysiology of, 1340-1343, 1341b, 1342b, !342t 

and protein-losing enteropathy, 1345, 1345t, 1372, 1375 
short bowel syndrome, 1377-1378 
and vomiting, 133b, 134 
and weight loss, 134 5 
in fluid balance, 1336-1337 
fungal infection of 680, 68It, 1358 

infarction of 1151 

inflammatory disease of. See Inflammatory bowel disease 

motility of, 1336, 1340-1341, 1341b, 1377 
mucosd barrier of 1337, 1337b, 1341, 1342b 
mucosal immune system of, 1337-1340, I339f 
neoplasms of, 1342-1343, 1375-1377, I376f 
nutrient absorption from, 1333-1336, 1336f 
obstruction of 1377 

parasitosis of, 1358-1360, 1359t 
protozoal infection of, 1348f, 1359-1360 

rickettsial infection of, 1357 

viral infection of, 1454-1456 
Smoke inhalation, 445, 1261-1262 

S mooth - haired fox terrier, hereditary ataxia of 864 

Snake bites, 246-247 

Sneezing, 207-210, 208b, 209t, 21 Of 

Sodium 

blood level of decreased. See Hyponatremia 
blood level of increased, 238, 1737 
in fluid therapy, 419 

fractional clearance of in tubular function evaluation, 1721-1722 
in heart disease management, 581 
intestinal transport of 1337, 1381 

metabolism of 237-238 

retention of in heart failure, 927t, 928, 938 
Sodium bicarbonate. See Bicarbonate 
Sodium bromide, for seizures, in hepatoencephalopathy, 801 


Sodium citrate, for renal tubular acidosis, 1828 

Sodium iodide, 689t 

Sodium phosphate enemas, 511, 53 It, 1531 
Sodium phosphate, for hypophosphatemia, 1907 
Sodium polyborate, in flea control, 65 
Sodium stibogluconate, for protozoal infection, 640t 
Soft palate abnormalities, 1200-1203, 1200f 
Soft-tissue infections, antibiotics for, 501-502 
Solnnnm sped es, toxicity of 252 
Solar dermatitis. See Actinic (solar) dermatitis 
Somali cat, hemolysis in, 214t 

Somatostatin, I623t, 1624t, 1625, 1627 

for glucagenoma, 1629 

Somogyi phenomenon, 1586-1587, 1587f 

Sotalol 

for arrhythmia, 1058t, 1073-1074 
for cardiomyopathy 1079, 1081, 1098 
Spaying. See Sterilization 
Spermatozoa. See Semen 

Spherocytes, 1887f 1897, 1897f, 1898 
Sphygmomanometry, 284-285, 285f 

Spider bites, 243, 247-248 
Spina bifida, 879, 880f 

Spinal accessory nerve, in neurologic examination, 8M, 812 
Spinal canal stenosis, 884 
cervical, 853-855 
lumbosacral, 870-872 
Spinal column. See abo Vertebrae 
congenital anomalies of 855-856 
exostosis of in h yperv i ta minosis A, 864 
fractures of, 883 
Spinal cord 

congenital disorders of 846-847b, 864, 876, 879 
decompression of in intervertebral disk herniation, 868 

fibrocartilaginous embolism of 869-870, 1152-1153 
hemorrhage in, 863-864, 881 

hereditary disorders of 846-847b 
inflammatory disease of See Meningitis 
neoplasms of 7241, 874-876, 887 
parasitic infection of 878-879, 881 
traumatic injury to, 436, 881-884 
and colonic ulceration, 1406 
glucocorticoids for, 507 
hyperbaric therapy For, 550 

Spinal cord disorders, 842-887. See abo Neurologic disorders; 

specific disorders 
arterial embolism and, 1151 
ataxia and paresis in, 160 
in calcinosis circumscripta, 853, 853f 
cervical spondylornyelopathy, 853-855 
clinical approach to, 843-844 
clinical signs of 844-845 
discospondylitis and, 858-860, 859f, 86Qf 
in disk disease. See Intervertebral disk disease 
distemper myelitis, 860-861 
dural ossification and, 861 
etiology of 846-847b 
hydromyelia and, 886-887, 886f 
in hypervitaminosis A, 864 

infectious, 846-847b, 850-853, 878-879, 881 
intra-arachnoid cysts and, 879-881, 88Of 
leukodystrophy globoid cell, 862 
localization of 845-849, 846-847b 
mechanisms of 842 

in mucopolysaccharidosis, 872-873 
in multifocal disease, 836-842, 836b 
myelodysplasia, 873-874 
myelomalacia, progressive hemorrhagic, 878 
myelopathy, degenerative, 856-857 
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Spinal cord disorders (Continued) 

neurologic exam in, 843 r 844-845 

osteochondromatosis and, 876-877 
and paresis, 30, 160 
pilonidal sinus and, 877 
poUoencephalomyelitis, feline, 861-862 
sacrocaudal dysgenesis in, 879 
as sign of systemic disease, 154f 

skeletal hyperostosis and, 857, 858f 
spina bifida in, 879, 880f 
spondylosis deformans and, 884-886, 885f 
syringomyelia and, 886-887 
vascular malformations and, 887 

vertebral stenosis and, 855-856, 870-872, 872? 873f, 884 
and weakness, 30 
Spinal nerve tumors, 874 
Spinal reflexes, 844-845 
Spirocerca lupi infestation, 701-702, 881 

Spirocerca sanguinolenta infestation, and aortic aneurysm, 

1155, 1155f 

Spiruomrn spp,, and chronic gastritis, 1324 
Spironolactone 

for ascites, 153, 1345, 1438 

for cardiomyopathy, feline, 1086 

for congestive heart failure, 955, 963, 1033, 1131 
and hyperkalemia, 581-582 


Statins, for hyperlipidemia, 594 
Status epilepticus, 165, 167-168b 
Steatosis, 1465 

Stem cells, for heart failure treatment, 971-972 
Sterilization 
of cats, 1675 
of dogs, 1671 

and growth plate abnormalities, 1987-1988 
long-term effects of, 1669, 1671 

pediatric, 1667-1669 
and urinary incontinence, 1872-1873 
Sternum, neoplasms of, 1274-1275 
Steroid hepatopathy, 304f, 1425, 1470-1471 

Steroids. See Glucocorticoids; Mineralocorticoids; Sex hormones 

Stertor, 193 
Stomach 

anatomy and physiology of, 1310-1312, 1311 f r 1312f 
delayed emptying of, 3312t, 1326-1329, 1326t, 

I327f, 1328t 

dilatation/voivuius of, 133 2t, 1319-1321, 1320f 
and acute abdomen, 402 
myocarditis in, 945 
surgery for, 432 
disorders of 

clinical signs of, 1312-1313, 131 Zt 

corrosive hums and, 255-256 
diagnosis o? 1313-1315, I3l4f 

and ptyalism, 123 

and vomiting, 133b, 134 

endoscopy of, 375, 1315, 1317, 1324, 1326 
foreign bodies of, 432 
inflammation of. Gastritis 
lavage of, 337-338, 338b 

motility of; 3311, 1326-1329, 1326t, 1327? 1328t 
necrosis of, 335, 432 

neoplasms of, 1312t, 1329-1331? 1329-1331, 1329t 

normal flora of, 1311-1312 

ulcers of, 1312t, 1316-1319, 1316t, 1317-1318f 

as paraneoplastic syndrome, 794 

treatment o? 430-432, 449 

Stomatitis, See also Oral cavity disorders 
and dysphagia, 131b 
etiology o? 1295 

feline immunodeficiency virus infection and, 660 
plasma cell, feline, 44 
and ptyalism, 124 
in toxicosis, 243, 251, 255 
in uremia, 50, 1717, 1747, 1765 
Stomatocytosis, 1892, 1894t, 1895f 
Storage disorders 

and hepatopathy, 1473-1474, 1474t 
and hypoglycemia, 1429 
and leukocyte abnormalities, 1943 
and myopathy, 905, 9071, 909 
and neuropathy, 826, 836b, 842, 907t 
and skeletal abnormalities, 1973 

Strabismus, in brain disorders, 813-814 

Stranguria, 107, 107? 109 

Streptococcus pyogenes infection, 704 

Streptococcus spp., antibiotics for, 498 

Stre ptokin ase, fo r thromboembolism, 910, 1102, 1150 

Streptomycin, 900, 1776t 

Streptozocin, for insulinoma, 1562 

Stridor, di a gn osi s o? 17 5? 176, 193 

Stroke, See Cerebrovascular disease 

Stroma-free hemoglobin solutions (Oxyglobin), 415, 416t, 419, 

467-468 

Strongybides spp. infestation, 1359t 

Struvite cry stall uria, 1726, 1727f 


Spleen 


abscess o? 441 -442 

biopsy of, ultrasound-guided, 272-273 

enlargement of 

causes o? 1946b, 1949-1951 
clinical signs o? 1944-1945, 1945b 
diagnosis o? 1945-1949, 1947-I948f 

prevalence o? 1944 
and thrombocytopenia, 1920 
fine needle aspiration of, 304, 1946-1947 
hematoma o? 441, 1950-1951 

inflammation o? 1951 

neoplasms o? 151,440-441, 775, 778 
nodular hyperplasia o? 1949? 1950-1951 
removal o? 1901, 1951 
rupture o? 440-441 
torsion o? 441, 1945, 1949? 1950 
ultrasonography o£ 1945-1946, 1949-1950f 
Spondylitis, ankylosing, 884-886, 885f 
Spondylomyelopathy, cervical, 853-855 
Spondylopathy, cervical. See Spondylomyelopathy, cervical 
Spondylosis deformans, 884-886, 885f 
Spongiform encephalopathy, 823-824, 824f 
Sporotrichosis, 685-686, 685? 686f 
Spotted fever group rickettsiae, 631-632 
Squamous cell carcinoma, 55, 749 

of face, 44, SO, 1194, 1194f 
of oral cavity, 1291, 1291? 1294 
of pinna, 44, 50, 11 70 

radiation therapy for, 722t 
St. John's wort, toxicity of, 526b 
Staggering disease, of cats, 670 
Staphylococcus infection 

antibiotics for, 502 
drug resistance in, 499 
and otitis externa, 1178, 3179 
Staphylococcus intermedius 

antibiotics for, 498, SOI-502 

in skin infections, 51-54 

Staphylococcus protein A, as immunomodulator, 658, 

662, 666 

Starling's forces, in fluid balance, 412, 413f 
Starling's law of the capillary, 70, 70f 
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Systemic anaphylaxis. See Anaphylaxis, systemic 
Systemic inflammatory response syndrome (SIRS), 452-454 

453b, 453t 
fluid therapy for, 423 

in shock, 457 

signs of, 402 

Systemic lupus erythematosus. See Lupus erythematosus, 

system] c 


Struvite urolithiasis, 584t, 586 

in cats, 1843-1844, 1845-1847, 1846t 
in dogs, 1854t, 1862-1864,I862f 
Stunting, See Growth, failure of 

Stupor, 161-162, I63f 410 

Subaortic stenosis. See Aortic stenosis 
Subchondral bone cyst, 1983 
Subinvolution of placental sites, 1665, 1666f 
Sublingual gland, mucocele of, 1295-1296, I297f 
Substance P, 1624t, 1626, 1831 
Succimer, for lead toxicity, 260 
Succinylcholine, and malignant hyperthermia, 12 
Sucralfate 

for esophagitis, 1301, 1304 
for gastric ulceration, 432, 449, 1319 
for gastrinoma, 1631, 1631b 
for gastritis, 1316, 1747, 1748t 

Sudden acquired retinal degeneration (SARD) 

and polyphagia, 120, 121, 121b, 122, 123 
retinal lesions in, 94, 96, 97b 
Suicide gene, in gene therapy, 541-542 

Sulfadiazine 

and keratoconjunctivitis sicca, 93 
for meningam ye litis, 852 
for staphylococcal pyoderma, 52t 
Sulfadimethoxine 

for protozoal infection, 640t, 1359, 1388 
for staphylococcal pyoderma, 521 
S ulfasalazine 

for cutaneous vasculitis, 1154 
for diarrhea, in histoplasmosis, 682 
for inflammatory bowel disease, 1396 
Sulfatrimethoprim, for coccidiosis, 1388 
Sulfisoxazole, dosage of in renal failure, 1776t 
Sulfonamides 

and destructive cholangiolitis, 1441 
for discospondyLitis, 860 

dosage of in renal failure, I776t 
for encephalitis, 829 

and keratoconjunctivitis sicca, 93 
for meningomyelitis, 852 
for protozoal infection, 640t, 642 
and thyroid hormone suppression, 1539 
and urolithiasis, 1869 

Sulfasalicylie acid test, for proteinuria, 115 
Supportive care, 537 

Suppurative cholangitis/cholangiohepatitis complex, in cats, 1448, 

1449t, 1450-1451, 1451f 

Suprascapular nerve, functional evaluation of 889t 

Supraventricular arrhythmias, 1054-1060, I054f 1055f lQ70f 
Swallowing 

assessment of 811 

disorders of. See Dysphagia; Gagging 

physiology of 126-128, 1196-1197 

Sweat glands, neoplasms of, 750 
Swimmer's ear, 1178 

Sympathetic activation, in heart failure compensatory mechanisms, 

922-923, 924f, 927t, 954 

Syncope, 24-27, 25f 27t 

in mitral insufficiency, 1025, 1032 
Syncytium-forming virus, feline, 670 
Syndactyly, 1971, 197 If 
Synovial cell sarcoma, 772-773 
Synovia] cysts, 886 

Synovial fluid, analysis of 85-87, 86f, 87f, 276, 278f 
Synovitis, lymphocytic-plasmacytic, 84 
Syringomyelia, 886-887 
Syrup of ipecac, as emetic, 511 

Systematic desensitization, 183 


T w T ave, 1041, 1049 

Tachycardia, 1046. See also Arrhythmias 

atrial, 1054-1055, 1055f t 1070f 
in heart failure, 928-930, 929t 

and syncope, 26 
ventricular, 1062, ]064f 

Tachykinins, 1626 
Tachypnea, 192-195 

Tamm-Horsfall mucoprotein, 1860 
Tamoxifen 

for mismating, 1672 

for pregnancy termination, 1670t 

Tapew r orm infestation, 7Q3 f 1358-1359, 1359t 
Taste aversion, learned, 556 
Tattoo, of neutered pets, 1668, I669f 
Taurine 

blood level measurement of 1085 
for cardiomyopathy, dilated, 580 
deficiency of 

and cardiomyopathy, 580, 1083, 1087 
and retinal degeneration, 94 

dietary requirement for, 559-560 
in hepatic disease, 576 

T-cells, in systemic lupus erythematosus, 1952 

Tea tree oil, for dermatitis, 526 

Tea tree oil, toxicity of, 256 

Teamwork in patient care, 488, 535-537, 536f 

Tears, artificial, over-the-counter, 511 

Technetium scans. Sec Scintigraphy 

Teeth See Dental disease 

Tegaserod, for constipation, 14Q4t, 1405-1406 

Teletherapy, 725, 726 

Temperature, regulation of 9-10, lOf 14-15, 14f 
Temporal lobe syncope, 27 

Tenesmus, 144, 145-146f 145-147 

in rectoanal disease, 1410-1411, 1411b 

Tensilon (edrophonium chloride], in diagnosis of myasthenia 

gravis, 895-896 

Tension pneumothorax, 435, 1282 
Tepoxalin, 519t, 5 20 

Teratocarcinomas, 788 

Teratozoospermia, 1694 

Terazosin, for micturition disorders, 108t, 109 

Terbinafine, 675, 688, 689t 

Terbutaline 

for canine chronic bronchitis, 1234 

for feline bronchial disease, 1236, 1237 
For he art worm disease, feline, 1143 
for tracheal disease, 1220t 

Territorial aggression, 184-185, 188-189 

Testicles 

disorders of 1694-1695, 1704 
examination of, 8, 1693 
hypoplasia of, 1704 
injection of for neutering, 1671 
neoplasms of 786-787, 1696, I696f 1704 
and feminizing syndrome, 1696, 1914 
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Testosterone, 1701 

in cryptorchid diagnosis, 1695 
for estrus supression, 1671 

Testosterone cypionate, for urinary incontinence, 1873 

Tetanus, 628-629, 839 
Tetany, 156 

Tetracycline 

adverse reactions in cats, 532t 

for anaplasmosis, 635 

dosage of, in renal failure, 1776t 

for ehrlichiosis,, 634 

for meningomyelitis, 853 

for protozoal infection, 64Gt 

for Rocky Mountain spotted fever, 632 

for small intestinal bacterial overgrowth, 682 

Tetralogy of Fallot, 974t, 1014-1017, 1014-1017f 

Thalidomide, for inflammatory bowel disease, 1370 

Thallium toxicosis, 124, 893t 

Theophylline 

for chronic bronchitis, canine, 1234 
for cough, 192t 

in mitral insufficiency, 1031 
for feline bronchial disease, 1237 
for heartworm disease, feline, 1143 
for tracheal disease, 1220t 
Thermoregulation, 9-10, lOf, 14-15, 14f 
Thiabendazole 

for lungworms, 1222 

for nasal aspergillosis, 697 

Thiacetarsamlde, for heartworm disease, 53It, 1127, 1140, 1142 
Thiamine 

deficiency of 154, 573t, 582, 800 

dietary requirement for, 559 

in hepatic lipidosis, 1473 
Thirst, in water balance, 237, 238 
Thoracic duct 
anatomy of, 1281 
ligation of, for pyothorax, 1282 
Thoracocentesis 

for chylothorax, 1281 

for pleural effusion, 1276-1277 

in cardiomyopathy, feline, 1086, 1094 

for pneumothorax, 1283 
technique for, 380-381 
Thorax 

drainage of 380, 382-383, 382t 
hemorrhage in, 207, 461-462 

masses of, and esophageal obstruction, 1309-1310 
organs of cytologic examination of 302-303, 303£ 

radiography of 

in pleural effusion, 206 

in pneumothorax, 461, 461 f 
trauma to, 461-463 

wall of 

neopl asms of, 1274 

penetrating wounds of 435, 462 
traumatic injury to, 462-463, 1273-1275 
Thorn apple, toxicity of 253 
Th rombocytop athi a 

acquired, 1924, 1926t 
and epistaxis, 226, 227, 228b 
and hemoptysis, 230, 231 b 
hereditary, 1924, 1926t 

laboratory evaluation of 235, 291-292, 1922, 1923t 
and purpura, 232, 233-234f 

treatment of 1928-1929, 1928t 

in uremia, 292,449, 1737, 1766-1767 
Thrombocytopenia, 1923-1924, 1925t 
canine cyclic, anaplasmosis and, 634-635 


Thrornbocytopen ia (Con tinued) 

chemotherapy and, 717, 1935-1936 

ehrlichiosis and, 633 

and epistaxis, 226, 227, 228b 

feline leukemia virus infection and, 656 
and hemoptysis, 230, 231 b 
in hepatobiliary disease, 1427 
immune-mediated, 1920-1922, 1923 
causes of 226, 228b 
treatment of 235, 467 
laboratory evaluation of 234-235 
mechanisms of 1920-1923 
in paraneoplastic syndrome, 791 
and purpura, 232, 233-234F 
systemic lupus erythematosus and, 1954 
treatment of 1928-1929, 1928t 
Thrombocytosis, 791, 1890, 1922 
Thromboembolism 

arterial, systemic, 1098-1104, 1147, 1149t 
in dogs, 1151-1152, 1152f 
neuromyopathy in, 898, 910-911, 91 It 

prophylaxis of 1103-1104 
treatment of 406, 1101-1103 

of brain. See Cerebrovascular disease 

in coagulopathy, 1936 
and epistaxis, 228b 

in glomerulopathy, 1799 

in immune-mediated hemolytic anemia, 1901 
of lungs. See Pulmonary thromboembolism 
and neurologic disorders, 155, 898 

treatment of 1149-1150 
venous, 1147-1148, 1148f 1160 
Thrombolytic therapy, 406, 1102, 1 ISO 

Thrombophilia, 1936 
Thrombophlebitis, 1160, 1161 f 
Thrombosis. See also Thromboembolism 
arterial, 1147, 114 7f 
in coagulopathy, 1936 
pathophysiology of 1147 
predisposing factors for, 1148-1149, 1149t 
systemic lu pus erythem atosus a nd, 1954 

venous, 1147-1148, 1148fi 1160, 1160f 

Thromboxane A, in shock, 213t 

Thymoma, 1270, 127 If 

aspirate cytology of, 303, 303f 

and megaesophagus, 13Q5t 
and myasthenia gravis, 794, 909 
polymyositis in, 910 

Thymus 

atrophy of in feline leukemia virus infection, 657 
hemorrhage of, 1270 
masses of and myasthenia gravis, 909 
neoplasms of 303, 303f 

Thyroid function tests, 1541, 1549-1553, 1552t 

in hyperadrenocorticism, 1597 
Thyroid gland 
atrophy of 1537 
ectopic tumors of, 1113, 1115 
enlargement of See Goiter 
hyperfiinction of See Hyperthyroidism 
hypofunction of See Hypothyroidism 

neoplasms of 356, 357, 359 
in cats, 1544-1545 
in dogs, 1558-1559 

in hypothyroidism, 1537, 1559 
radiation therapy for, 724t 

scintigraphy of 354t, 355-358 
Thyroid hormone 

assays for, 1539, 1549-1550, 1549-155IF 
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Thyroid hormone (Continued) 

deficiency of 5ee Hypothyroidism 
excess of. See Hyperthyroidism 
physiology and metabolism of, 1535-1536, I536f 
Thyroidectomy, 1556, 1559-1560 
Thyroiditis, in hypothyroidism, 1536-1537, 1543 
Thyroid-stimulating hormone (TSH). See Thyrotropin [TSH] 
Thyrotoxicosis. See Hyperthyroidism 

Thyrotropin (TSH), concentration of, in thyroid testing, 1541, 1551 
Thyrotropin (TSH) response test, 1541, 1551-1552, 1552t 
Thyrotropin-releasing hormone (TRHJ response test, 1541, 

1552, 1552t 

Thyroxine, for hypothyroidism, 1542, 1543. See also 

Thyroid hormone 
Tibia, stress fractures of 367, 37Of 
Tibia! nerve, functional evaluation of, 889t 
Ticarcillin, for otitis externa, 1178 

Tick paralysis, 243, 248-249, 893 
Ticks 


Toxocariasis (' Con nnued) 

spinal cord migration of 881 

zoonotic, 703 

Toxoplasmosis, 638-642, 640t 
and arthritis, 1960 
and infertility, 1656, 1685, 1704 
kidney transplantation and, 1752, 1755 

and myocarditis, 1081 

and myositis, 903, 910 

and neonatal mortality, 1711 

and neurologic disease, 840, 878-879 
and pancreatitis, 1489 
and respiratory disease, 1252 
zoonotic, 703, 704 

Trachea 

anatomy of 1217 

avulsion of, 463 

collapsed, 190, 193,1214f 1224-1228, 1225-1227f 
diagnostic imaging of 1209, 1217-1219, 1218f 
disorders of, 1219-1232 

culture and cytology in, 1218-1219 
drugs for, 1220t 
physical examination in, 1207 
displacement of, 1230f 1269, 127]f 

endoscopy of, 1218 
foreign bodies of, 1228 
hypoplasia of, 1222, 1223f 
neoplasms of 1228-1231 

obstruction of 1228-1231, 1229f 

segmental stenosis of 1222-1224 
traumatic injury to, 1231-1232, 123 If 1232f 
Tracheitis, noninfectious, 1219-1220 
Tracheobronchitis, infectious, 1201, 1203, 1220-1221 
vaccination for, 607t, 608t 
Tracheoscopy, 1218 

Transcervical insemination, 281-282, 338-341 

Transdermal drug delivery, 513-514 

Transfusion, 464-468 

for acute blood loss, 1888-1889 
adverse reactions to, 464t, 466, 1901-1902 
for anemia, 465-466, 1782, 1890 

blood typing in, 466, 1901-1902 

for coagulopathy, 466-467, 4671, 1928-1929 

in fluid therapy, 415, 416t 

in im mune-medi a ted hemolytic anem ia, 1900 

of plasma components, 464, 464t, 465t, 466-467, 467 1 , 1929 

of platelets, 235, 4641, 465t, 467, 1928t, 1929 

of red blood cell products, 464t, 465-466, 465t, 1928t 

in shock, 457 

Transfusion reactions, hemolytic, 466, 1901-1902 

Transitional cell carcinoma, 784-785, 785f 1720, 1872f 1879 

Transitional vertebra, 855, 884 

Transmissible venereal tumor, 786, 787, 787f 1690 

Transthoracic aspiration, 1215, 1244 

Transtracheal wash, technique for, 383, 1214, 1219 

Transudates 

abdominal, 150-153, 152f 
thoradc, 206, 1278, 1278t 

Trauma 

to abdomen, 401, 436, 440-441 
to brain, 409-412, 435, 436 
to heart, 463 
to lung, 1259*1262 

to nose and frontal sinus, 1195, 1195f 
and pancreatitis, 1489 

patient evaluation in, 433-437, 435f 436f 

and peripheral nerve disorders, 897-898 
to respiratory system, 435 
to skeletal system, 437 


as anaplasmosis vector, 634 
as babesiosis vector, 1904 
as bartonellosis vector, 636 
as borreliosis vector, 68, 619 
as ehrlichiosis vector, 633 
identification and control of 68, 69t 
infestation of pinna, 1171 
as protozoal disease vector, 642, 643 

as rickettsial disease vector, 631 

zoonotic, 703 

Ticlopidine, for thromboembolism, 1150 
Tidal breathing-flow volume loop, 1216, 1236 
Tiger lily, toxicity of 244,253 
Tiletamine, for pediatric spay/neuter, 1668t 
Tirikzad, for spinal cord trauma, 881-882 

Tissue plasminogen activator, for thromboembolism, 1102, 1150 

Toad toxicosis, 245, 254, 2541 
Tobacco toxicosis, 253 
Tobramycin, 1178, 1776t 
Tocainide, for arrhythmia, 1058t, 1071 

Tocopherol See Vitamin E 
Todd's paralysis, 164 

Tolfenamic acid, for pain, 519t 

Tonicity, of solutions, 412, 4l4f 

Tonsillitis, 1201 

Topical toxins, 253-256 

Toro virus infection, 668t, 67Q-671, 1356 

Torsade de pointes, 1064, 1064f 

Torse mide, for congestive heart failure, 955 

Tortoiseshell cat. See Tricolor cat 

Total hip replacement, scintigraphic evaluation of 369, 37] f, 372f 

Toxic epidermal necrolysis, 31 

Toxic milk syndrome, 1665 

Toxicity, 242-262, See also specific drugs or agents and specific 

affected organs 

chemical, 256-261, 1897b, 1904-1907, 1905b 

in chemotherapy, 710-712, 71 It 

and coagulopathy, 1933-1935, 1934b 

food-derived, 567 

herbal medicine and, 526, 526b 

vs, nontoxic illness, 242-246 

plants and, 124, 250-253, 1732 

and ptyalism, 124 
and seizures, 165, 242-243 
and tremors, 157, 242 
and vomiting, 133b, 134, 245 
and weakness or paresis, 243 
Toxocariasis 

and intestinal disease, 1358, 1359t 

and neonatal mortality, 1711 
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Trauma (Continued) 

to spinal cord, 436, 881-884 
to thorax, 46M63 
to trachea, 123M232, 123 If, 1232f 
to urinary tract, 436437, 1870-1871, 1877-1878 
Tremors, 156-158, 828-829 

in cerebellar disease, 812 
and encephalitis, 841 
hereditary disorders and, 828-829 
idiopathic, 157, 828, 841 

and mycotoxicosis, 157, 242 
in neurologic examination, 806 
TRH. See Thyrotropin-releasing hormone (TRH) 

Triaditis, in cats, 1448 
Triamcinolone 

adverse reactions to, 254 

for bronchopulmonary disease, 392 

for eosinophilic granuloma complex, 1294 

for mast cell tumor, 776 
potency of 5G5t 

Triamterene, for congestive heart failure, 1033 

Trichinella spiralis infection, 903 

Trichoblastoma, 750 

Trichoepithelioma, 750 

Trichuris infestation, 1385t, 1386, 1411 

Tricolor cat, male, chromosomal disorder of, 266 

Tricuspid insufficiency, 198, 1035-1036 

Tricuspid valve dysplasia, 974t, 995-998, 996f, 998-100If 

Trientene, for hepatitis, 1438, 1444-1445 

Trigeminal nerve 

and acute jaw drop, 175-176, 900 

anatomy and function of 890t 
evaluation of, 810, 812, 814 

idiopathic neuritis of, 900 

Triglycerides 

in hepatic disease, 576 
metabolism of, 592-593, 592f 
Triiodothyronine. See Thyroid hormone 
Triiodothyronine-suppression test, 1552, 1552t 
Triiostane 

and adrenocortical necrosis, 1615 

for h yperadrenocorticism, 1606-1608, 3607f, 1608f 1612 
Trimeprazine, for cough, 192t, 1220t 
Trimethoprim, with sulfonamides 

adverse re actions to, 93, 226, 144 7 

for discospondyiitis, 860 
dosage of, in renal failure, 1776t 
for encephalitis, 829 
for meningitis^ 838 

for p neu mocystosis, 1254 

for protozoal infection, 640t, 840, 1359 

for staphylococcal pyoderma, 52t 
and thyroid hormone suppression, 1539 
Triple phosphate urolithiasis. See Struvite urolithiasis 
Tris-EDTA, for recurrent urinary tract infections, 1808 
Tritrichomonas foetus infection, 638-642, 640t, I385t, 1388 
Trochlear nerve, 810, 813, 890t 
Tropical diseases, 699-702, 70Qt 

Troponin, cardiac, as marker of cardiovascular disease, 936, 94 It, 

942-945 

Trypanosoma cruzi infection, and myocarditis, 1081 
Trypanosomiasis, African, 701 
Trypanosomiasis, American, 644-645 
Try psin-a | - protein ase inhibitor, 1485-1486 
Trypsin-like immu note activity 

in pancreatic exocrine insufficiency, 139, 1493, 1495 
in pancreatitis, 1485-1486, 1486f, 1489, 149Qf 
Trypsinogen activation peptide, 1485-1486 
Tryptophan, requirements for, 559 


Tu be feeding of neonates, 562, 1711 
Tuberculosis, 622-625, 704, 1357 
Tularemia, 1251 

Tumil K, for hypokalemic myopathy, 909 
Tumor necrosis factors, lit, 29, 78, 213t, 93 1-932 
Tumor suppressor gene, in gene therapy, 542-543 
Tumors, See Neoplasms 
Turbinates, nasal, 380 
Tylosin 

for antibiotic-responsive diarrhea, 1366 
for chronic idiopathic enteropathies, 1360 
for intestinal bacterial overgrowth, 140 

for protozoal infection, 640t 
for small intestinal bacterial overgrowth, 682, 1494 
Tympanic membrane, 1181-1182 
Tympanometry, 1184 
Typhlitis, 1398-1399 
Tyzzers disease, 1357 


Ulcers 

of esophagus, 255-256,430-432 

gastric, 1312t, 13)6-1319, 1316t, 1317-1318F 

of gastrointestinal tract, 430-432, 791,794 

of mucosa/mucocutaneous junction, 49b, 92, 124, 1882, 1884b 

of oral cavity 

in candidiasis, 636 
differential diagnosis of, 243 

systemic causes, 47b, 48f 49, 49b 
toxic causes of 243, 251,255 
in uremia, 50, 1717, 1747, 1765 
of skin, 46-50, 47b, 48f 49b 

in autoimmune disease, 1882, 1884b 
Ulna, retained cartilage cores of, 1976, 1977f 
Ulnar nerve, functional evaluation of, 889t 
Ultralente insulin, in diabetes mellitus, 1576, 1576t, 1588f 
U1 trasonography, 1348-1349, 1351 f See also specific organs 

and regions of body 

abdominal, for aspirations and biopsies, 271-275, 273f, 274f 275f 
in acute abdomen, 403 
of adrenal glands 

in hypersdrenoeorticism, 1597-1598, 1598f, 1611 

in hypoadrenocorticism, 1619, 16l9f 

of bladder, 785, 785f 

in blood pressure measurement, 284-285 

for gastric disease, 1317, 1318f 

of heart. See Echocardiography 

of hepatic abscess, 1475 

For hep a tic biopsy, 272, 1430 

in hepatobiliary disease, 1434, 1479, !479f 

in hydrocephalus, 822f 
in mediastinal disease, } 267, 1269f 
of ovarian cysts, 1652, 1652f, 1682 
in pancreatitis, 1485, I485f, 1489 

of parathyroid gland, 1516 
in peripheral vascular disorders, 1146 
in pharyngeal/laryngeal disease, 1197 
in pheochromocytoma, 1636 

of portosystemic shunts, 1434, 1456-1457, ]457f 

in pregnancy, 1656, 1705, 1705f 
in prostatic disease, 1810-1811, 1811 f 
in pyometra, 1678, 167Sf 1702, 1702f 

of respiratory tract, 1211 

in splenomegaly, 1945-1946, 1949-1950f 
of urinary tract, 1728-1729, 174), 1742f 1851 

Uncinaria stenocephala infestation, 1358 

Urachus, persistent, 1874 
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Urate crystalluria. See Ammonium biurate crystalluria 

Urate urolithiasis, 584t, 1849, I854t r 1864-1867, 1865f 
in hepatobiliary disease, 1422, 1825-1826, 1865 

Urea nitrogen, serum 

in acute renal failure, 1739-1740 

in glomerular function testing, 1717-1718, I718f 1719t 
in hepatobiliary disease, 1427 
increased * See Azotemi a 
Uremia. See also Kidney failure 

acute, causes of, 173M734, 1732b 
anemia in, 1766, 1782 1783, 1910-1911 

clinical effects of 1737, 1764-1767 

defined, 1716, 1757-1758 

dialysis for, 352-353, 449, 1750-1751, 1750b 

and encephalopathy, 155,801, 1738-1739, 1765-1766 

gastrointestinal effects of, 449, 1316t, 1747-1748, 1747t, 

1764-1765 

hemolytic syndrome in, 32, 1907 

metabolic acidosis in, 1768, 1779-1780 

mineral and electrolyte disorders in, 1767-1770, 1776-1779 

neuromuscular disorders in, 1765-1766, 1776-1779 

oral ulcers in, 50, 1717, 1747, 1765 

and pericardial effusion, 1116 

in renal failure, chronic, 1757-1758, 1764-1767 
thrombocytopathia in, 292, 449, 1737 r 1766-1 767 
toxic effects of, 1737, 1764-1767 
treatment of, 1747-1749, 1748t, 1773-1782 

Ureter 

acquired disorders of 1877-1879 
anatomy and function of, 1875 
congenital anomalies of, 1875-1877 
ectopic, 1873, 1875-1876 

neoplasms of, 1879 

obstruction of; 1734, 1755, 1878-1879, 1879f 
reflux in, 1875 
rupture of 437, 1877-1878 
Ureterocele, 1874, 1877 
Ureterovaginal fistula, 1874 
Ureterovesical valve, 1875 
Urethra 

catheterization of 

in dogs, 300-301,30Qf 301f 
in male cats, 385-386, 385f, 386f 
innervation of, 106, 110 

obstruction of 

and azotemia, 1734 
and bladder atony, 109 

in cats, 385-386, 385f, 386f 1843-1845, 1846f 
in dogs, 1869-1870 

plugs in, feline, 1843-1845, 1844f. See also Cystitis, 

feline idiopathic 
prolapse of 1874, 1874f 
rupture of 1870 

sphincter of in micturition disorders, 106-107 

stricture of 1869-1870, 1870f 

Urethritis, 1871 

Urethritis, proliferative, 1870 

Urethrocystography, 1812-1813, 1812f 1813f 
Urethrocystoscopy. See Cystoscopy 

Urethroliths, 1869 
Urethrorectal fistula, 1874 
Urethroscopy, 30If 302 
Urethrostomy, perineal, 1844 
Urge incontinence, 1873 

Urinalysis, 1722-1727, 1723-1727f 

in acute renal failure, 1741 

in hyperadrenocorticism, 1595, 1597 
in hyperparathyroidism, 1515-1516 
in hypoadrenocorticism, 1616 


Urinalysis (Continued) 

in polyuria/polydipsia, 102-104 
in urinary tract disorders, 1804, 1833, 1836 
Urinary acidi tiers, for struvite urolithiasis, 1842f 1846, \ 863 

Urinary bladder. See Bladder 

Urinary incontinence, I03f 106-107, 109-111, 11 If 

in dogs, 1872-1873, 1872b 

drugs for, 511 

in ectopic ureter, 1876 
neurologic disorders and, 844 
neutering and, 1669, 1671, 1872-1873 
over-the counter drugs for, 510 
vaginal disorders and, 1687 
U rinary tract. See also specific structures, e.g ., Bladder 

congenital anomalies of, 1873“ 1874, 1875-1877 

disorders of See Urinary tract disorders 
infection of 1800-1808 
antibiotics for, 502 

in canine cystitis, 1871-1872 
clinical findings in, 1802-1804, 18031 
diagnosis of 1804-1805 

etiopathogenesis of 1801-1802, 1801b, 180It, 1802b 
in b yperadren ocorticism ,1610 
in hyperparathyroidism, 1510-1511 

in struvite urolithiasis, 1862-1863 
treatment of 1805-1808, 1806t, 1807f !807t 
in vesicoureteral reflux, 1875 

lithiasis of See Urolithiasis 
mass lesions of, 301,301 f 
neoplasms of 1869, 1879 
obstruction of, 1843-1845, 1869-1870, 1878-1879 
and azotemia, 1734 
and renal injury, 1736 
rupture of 1734, 1870-1871, 1871f 
trauma to, 436-437, 1870-1871, 1877-1878 

Urinary tract disorders 

in acute abdomen, 402t 
in cats, 1828-1850 

bacteria] infection and, 1850 

classification of 1828-1829 

diagnosis of 1833-1837, 1834f 1835-1836b 
epidemiology of 1829-1830 
idiopathic, 1830-1843, See also Cystitis, 

feline idiopathic 

urethral plugs in, 1843-1845, 1844f 
urolithiasis in, 1845-1849. See also Urolithiasis 
viral infection and, 1850 

in dogs, 1850-1874 

anatomic abnormalities, 1874 
anatomy and physiology, 1850 
clinical signs of 1850 
cystitis, 187 M 872, 187 If 
di a gnosis of 1850-1852 
urethral obstruction, 1869-1870 
urethritis, 1870, 1871 

urin ary incontinen ce, 1872-1873 

urolithiasis in, 1852-1869, See also Urolithiasis 

and proteinuria, 115t 
and vaginal discharge, 99t 

Urination, inappropriate, 186, 187, 188f See also Micturition, 

disorders of 
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Urine 


24-hour collection of 116 

analysis of See Urinalysis 
bilirubin in. See B ilirubinuri a 
blood in. See Hematuria 

collection of 102, 299-300, 299f 1804 
discolored, 112-114, 112t, 113f 

glucose in. See Glucosuria 
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Urine (Continued) 

ketones in, 424, 1568, 1722 

osmolality of, in diabetes insipidus, 1505 

pH of in urolithiasis, 1846, 1846t 

protein in. See Proteinuria 

protein to creatinine ratio of, 1719“ 1720, I : '19t 

retention of, 105-107, 107f ]08t 

sediment examination of, 1723-1727, 1723-I727f 1741 

specific gravity of 

in po lyuri a/po lydipsia, 104-105 
in tubular function evaluation, 1720-1721, 1720t 
Urine cortisol/creatinine ratio, 1599, 1599f, 1602, 1611 
Urine marking, 186, 187, I88f, 1704-1705 
Urine protein/creatinine ratio, 116 

Urinoma, 1878 

Uroabdomen, 402, 404, 1870 

Urobilinogen, 223, 1427, 1891 

Urodynamicstudies, 106, 111, 1851-1852,1876 

Urography, excretory, 1741, 1878 

Urohydropropulsion 
retrograde, 1856-1857 

voiding, in urolith removal, 1845, 1846f, 1856-1857, 1856f 
Urolithiasis 

in cats, 1845-1849 
cystine, 1849 

oxalate, 1846t, 1847-1849, 1848f, 1849f, 1879 
struvite, 1843-1844, 1845-1847, 1846t 
urate, 1849 

and urethral plugs, 1843-1845, 1844f 
cystinuria and, 1825 
dietary management of] 584t, 585-586 
in dogs, 1852-1869 

calcium phosphate, I855t, 1868 
compound, 1869 
cystine, 1855t, 1867-1868 

diagnosis of, 1853-1856, 1854-185 5t 
oxalate, 1854t, 1856-1862, 1864, 1879 
removal of, 1856-1858, 1856f, 1857f 
silica, 1855t, 1868-1869 
struvite, 1854t, 1862-1864, 1862f, 1879 
urate/xanthine, 1854t, 1864-1867, 1865f 
formation kinetics of] 1852-1853, 1852f 
hepatobiliary disease, 1825-1826, 1865 

in hyperadrenocorticism, 1610 
in hyperparathyroidism, 1510-1511 

hyperuricosuria and, 1825-1826 

hyperxanthmuria and, 1826 
renal tubular disorders and, 1825-1826 
and urinary obstruction, 1869, 1879 
Ursodeoxycholic acid 

for cholestasis, 225, 1436, 144 M442 
for hepatitis, 14 44 
Urticaria, 43, 44, 46 

Uterus 

diagnostic sampling of, 338, 341 
disorders of 

and conception failure, 1684 

and dystocia, 1660-1663 

in postpartum period, 1665 
and vaginal discharge, 99t 
inertia of, 1660, 1662 
infection of See Metritis; Pyometra 

insemination into, 281-282, 338-341 

mucometra of] 1702 
neoplasms of, 787 
prolapse of] 1665, 1706, 1707f 

rupture of] 1665 

stump of, 1679, 1687, 1688f 
torsion of 450t, 451, 1662, 1706, l?06f 


Uveitis, 93, 9Sf 603, 1590 
Uveodermatologic syndrome, 60, 62,94 


Vaccination, 668t 

of cats, 612,612-615t, 615 

of dogs, 604, 605-61 It, 611 

and immune-mediated disorders, 226, 1896, 1963 

and interference with antibody tests, 600, 620-621 

for protection against 

Bordetella brorvchi$eptica t 6071, 608t, 614t 

borreliosis, 608t, 609t, 621 -622 

canine adenovirus, 606t, 607t, 608t, 649, 651 
canine corona virus, 609t, 648 
canine distemper, 60St, 650 
canine parvovirus, 605t r 647, 1355 

Chta mydoph ilia felis, 6141 

feline calicivirus, 668-669 

feline herpesvirus, 613t, 668*669 

feline immunodeficiency virus, 615t, 661-662 

feline infectious peritonitis, 614t, 666 

feline leukemia virus, 614t, 655 

feline parvovirus, 612t, 669-670 

Giardia lamblia, 610t, 614t, 1360 

leptospirosis, 6l0t, 618 

Micwsparum cants, 614t 

parainfluenza virus, 6G7t, 608t, 651 

rabies, 61 It, 613t, 650 

Vaccine-associated sarcoma, 752, 753, 754f 756-757 
Vagal maneuver, in electrocardiography, 1049 

Vagina, 1686-1690 

abnormalities of 1651, 165lf 1683, 1687-1690 
anatomy of 1643ft 1686, I686f, 1697 
bacterial flora of, 1685 
culture of 1649, 1687 
discharge from 

abnormal, 98-101, 99t, lOOf 
prolonged, 1652 
examination of 1686-1687 
hyperplasia of, I653f 1689-1690, 1690f 
laceration of 1690 
neoplasms of, 787, 787f, 1690 
prolapse of 1689-1690 
radiography of, I689f 

septa of, 165If, 1663, 1687 

stricture of, 1687-1688 
Vaginal cytology, 1686 
in abnormal discharge, 99 

in estrous cycle monitoring, 164If 1642f, 1645f 1649 
in mismating, 1671-1672 
of queen, 1701, 1702 
and timing of mating, 1684 
Vaginal fold prolapse, 1689-1690, 1690f 
Vaginal insemination, 280 
Vaginitis, 1687 
Va gin oscopy, 1686-1687 
in abnormal discharge, 99 

in artificial insemination, 281-282, 339-341 

in estrous cycle monitoring, 1641-1644, 164If, I644f 1645f 

1649, 1684 

Vagus nerve, 811, 812, 890t 
Valerian, toxicity of 526b 
Valley fever. See Coccidioidomycosis 
Valvular atresia, 1017 

Valvular dysplasia, 993-998, 994-lOOOf 

Valvular heart disease, 1022-1039. See also specific valves 
Vanadium, in diabetes mellitus, 578 
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Varicose veins, 1159 

Vascular anomalies, congenital, 1020-1021, 1020f p 1021 f 
Vascular disorders. See also specific disorders 

of brain, 829-830, 836b, 841. See also Cerebrovascular 

disease 

peripheral, 1145-1146, 1145b, 1146b, 1150-1160 
and peripheral neuropathies, 898, 910-911 
of spinal cord, 841, 846-84 7b, 869-870, 1152-1153 
of spleen, 1945 

Vascular endothelial growth factor, 1279, 1282 
Vascular resistance, peripheral 
and arterial pulse, 201 
reduced. See Vasodilation 
and systolic dysfunction, 915 
Vascular ring anomaly, 1305t, 1306-1307, I306f 

Vasculitis, 1153-1155, 1153f 

of central nervous system, 840-841,856 
drug reactions and, 1963 
microscopic necrotizing, 1154 
and nasal discharge, 208b, 209 

of pinna, 1170 
and pleural effusion, 1276 
pulmonary, 1240, 1258 
and purpura, 232 
skin lesions in, 32 

Vasoactive intestinal polypeptide (VIP), 1337, 1624t, 1626 
Vasoconstriction, in heart failure compensation, 926-928, 9271 

Vasodilation 

and hypotension, 481F, 482, 482b 
and syncope, 24-26, 2Sf 

Vasodilators, 72,475-476,926, 965-967 

Vasopressin, See Antidiuretie hormone (ADH, vasopressin) 
Vasospasm, arterial, 1159 

Vaso vagal syncope, 24-26 

Veins, disorders of] 1145b, 1159-1160 

Vena cava 

left cranial, persistent, 1021, 1021 f 

obstruction of, 1160, U60f 1161f, 1162f 

and ascites, 151 

and caval syndrome, 1132-1134, 1132f, 1 \ 33f 
and lymphedema, 1164 

Venipuncture, technique for, 386-388, 387f 
Venomous bites and stings, 246-250, 458b 
Venous angiography, 1146 
Venous anomalies, 1021 
Venous pressure, central, 294 

Venous thrombosis, 1147-1 148, 1 148f, 1160, 1160f. See also 

Pulmonary thromboembolism 
Ventilation, and acid-base status, 1215-1216 
Ventilation-perfusion mismatch, 220, 222t, 1239, 1287 
Ven tridefs) 

compliance of 919 

diastolic function evaluation of 936b, 937-938 

echocardi©graphic evaluation of 318f 319-321, 32Qt 
hypertrophy of, 320t 

in acromegaly, 1098 
concentric, 917, 91 Sf 1088 

eccentric, 918, 918f 

in heart failure, 917-918, 918f 930f, 938-939 

in hypertension, systemic, 474, 1098 


Ventride(s) (Continued) 

size changes, etiology of 320t 

systolic function evaluation of 936-937, 936b 

volumes of 319, 322f 

Ventricular extrasystoles, 1060, 1062f 
Ventricular fibrillation, 407, 408, 1064, 1064f 
Ventricular flutter, 1064 
Ventricular parasystole, 1065 
Ventricular resynchronization, 971 
Ventricular tachycardia, 1062, I064f 
Verapamil, for arrhythmia, 549t, 1058t, 1074 
Vertebrae 

congenital anomalies of 855-856, 884 
fractures of 883 

neoplasms of, 769*770, 874-876, S75f 

Vertebral canal. See Spinal canal 
Vertebral osteomyelitis. See Discospondylitis 
Vesicourachal diverticula, 1874 
Vesicoureteral reflux, 187 5 
Vestibular disorders, 174f 
and ataxia, 160 
in cerebellar disease, 812 
cranial neuropathies and, 176 

head tilt in, 806, 807f 

in hypothyroidism, 802, 1537 
neurologic examination in, 811 
otitis media and, 1183-1184 
peripheral, idiopathic, 900 
Vestibule, I643f, 1686-1687, 1686f 1697 
Vestibulocochlear nerve, 810-811, 812, 890t 

Villi, small intestinal, 1332-1333, 1334f 1341 
Vinblastine, 71 It, 720, 720t, 776 

Vincristine 

adverse effects of 7111, 712, 717, 893t 

in chemotherapy, 720, 720t 

for immune-mediated thrombocytopathia, 1928 

for lymphoma, 736, 737 

for mast cell tumor, 776 

for multiple myeloma, 746 
for transmissible venereal tumor, 786 
VIP. See Vasoactive kitestinal polypeptide (VIP) 

Viral infection. See also specific diseases 
and alopecia, 351 
and arthritis, 1959 

in cats, 653-671 

diagnostic testing for, 297-299, 298fi See also Serology 
in dogs, 646-652 

and encephalitis, 829 

and enteritis, 1354-1356 
and hepatitis, 1435-1436 

and neurologic disease, 155, 829, 836b, 837, 839-840 

and respiratory disease, 667, 668t, 1209, 1251 

and rhinitis, 208b, 1191, 1191F 

skin lesions in, 31, 47b, 49, 56t 

and tumor formation, 44 

of urinary tract, 1850 

and vision loss, 97b 

Viruses, as vectors Ln gene therapy, 540 
Visceral mastocytosis, 773, 774, 776, 778 
Vision 

assessment of, 97-99, 808-810 

loss of See Blindness 
Vitamins 

deficiency of 

in gastrointestinal disease, 573, 573t 
in hepatic disease, 574, 576 
dietary requirements for, 558-559, 5S8t, 560 

in parenteral nutrition, 588 

small intestinal absorption of 1335, 1335f 


left 


function indices for, 320-321, 937-938 

wall stress in pressure overload, 916-917, 917f 


pressure measurements in, 976-977 

right 


collapse of in cardiac tamponade, 1 ill, 1111 f 

double outlet, 1017-1018, 10l9f 
septal defects of 987-993, 9B8f, 992f, 993f 
murmur of 198, 974t 
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Vitamin A 

deficiency of 559, 573t, 1988 
dietary requirement for, 559 
excess of, and exostosis in cats, 864, 1986 
for primary seborrhea, 60 
Vitamin A-re$ponsive dermatosis, 58t 
Vitamin B complex 

constant rate infusion of, 549t 

in heart disease, 582 
for hepatic disease, 576 
Vitamin B|. See Thiamine 

Vitamin (riboflavin), deficiency of 573t 
Vitamin B 6 (pyridoxine) 

deficiency of 573t, 1917 

toxicity of to peripheral nerves, 893t 
Vitamin See Cobalamin 
Vitamin C (ascorbic acid) 
as antioxidant, 523 
for copper-associated hepatitis, 577 
deficiency of 5731 
dietary requirement for, 560 
for hepatic toxicosis, 1440 
for hepatobiliary disease, 1437 
in oxalate urolithiasis, 1861 

in skeletal disorders, 564 
Vitamin D 

deficiency of 573t 

in rickets, 563-564 
dietary requirement for, 559 


Vomiting (Continued) 

parvovirus infection and, 646 

pathophysiology of 132-133, 132f 429f 

and ptyalism, 124 

vs. regurgitation, 131, 1299t 

toxicosis and, 245 
in uremia, 1747-1748, 1765 
Vomiting center, 132-133,132f 429f 
von Willebrand disease, 1924-1929, 1927t, I928t 
and purpura, 23 2 
transfusion for, 466, 467t 
von Will ebrand factor, 1918-1919 
Voriconazole, for fungal infection, 674-675, 694 
Vulva 


abnormalities of and breeding failure, 1683, 1688 

discharge from, 98-101, 99t, lOOf 

enlargement of in proestrus/estrus, 1641, 164If 

inverted, 1688, 1689f 

neoplasms of, 787, 787f 


Waldenstrom s macroglobulinemia, 792 

Wandering pacemaker, 1046, 1046f 1053-1054 
Warfarin (Coumadin) 

for thromboembolism, 446, 1104, 1150, 1288, 

1609-1610 

toxicity of in rodentiddes, 258 
Warts, papilloma virus and, 652 
Water balance. See Fluid balance 


and hypercalcemia, 237 
vs. hyperparathyroidism, 1519, 1519t 
and osteoporosis, 1988 
rodenticide toxicosis and, 237, 259 

for hypoparathyroidism, 1533-1534, 1534t 
in oxalate urolithiasis, 1861 
for post-surgical hypocalcemia, 1526-1527 
Vitamin E (alpha-tocopherol) 

as antioxidant, 522-523 
deficiency of, 573t 

dietary requirement for, 559 

for hepatobiliary' disease, 1437, 1444 

for hepatotoxic osis, 1469 

Vitamin K 

deficiency of 573t 

and coagulopathy, 1933-1935, 1933b, 1934f 

in hepatobiliary disease, 1426, 1469 
in pancreatic exocrine insufficiency, 1495 
dietary requirement for, 559 
in hepatic lipidosis, 1473 
prior to hepatic biopsy, 1429 
for rodenticide toxicosis, 258, 1935 
Vitamin K-dependent factor deficiency, 1932 

Vitiligo, 60, 62 

Vitreous humor 

disorders of, and vision loss, 96b 
immunoassay For infectious organisms in, 603 
Volume overload, in systolic cardiac dysfunction, 917-919, 

92Of, 929t 
Vomiting, 133-136 

diet in management of 571-573 

differential diagnosis of 133b, 135-136f, 245, 43It 

food intolerance and, 568 

in gastric disease, 1313, I3l4f 1315, 1323, 1326 

in hepatobiliary disease, 1423t 

in hyperthyroidism, 1546 

in inflammatory bowel disease, 1367 

over-th e counter drugs for, 510 


Water deprivation test, 1505, 1721 
Water retention, in heart failure, 92 7t, 928, 938 
Weakness, 28-30, 28f 
of hind legs, 157 

in hyperthyroidism, 1546 

in myopathy, 155, 901-902, 906 
in peripheral neuropathy, 30, 155 
potassium disturbances and, 239, 240 

primary hyperparathyroidism and, 1511 


toxic causes of 243 


Weaning puppies and kittens, 561 
Weight 

body condition scoring for, 4f 5f 76-77 
excessive. See Obesity 
Weight loss, 79£ See also Cachexia 

diets and protocol for, 77-78 

in hyperthyroidism, 1546 
in small intestinal disease, 1345 

Weimaraner, immunodeficiency in, 1942-1943 
Welsh corgi, inherited renal disease in, 1824 
Wesselsbron disease, 700 
West Highland white terrier 
chronic hepatitis in, 1446 
inherited renal disease in, 182It, 1822 

West Nile virus, 652 

Wheat bran, for constipation, 1404t, 1405 

Wheaten terrier 


inherited renal disease in, 182It, 1824 
protein-losing enteropathy in, 1372 
Whipworm infestation, 1385t, 1386, 1411 

White blood cells. See Leukocytes 
White shakers syndrome, 157, 828, 841 
Widow spider bites, 243, 247 
Wilson s disease, 1436, 1437, 1438, 1446 

Wobbler syndrome. See Spondylomyelopathy, cervical 
Wblbackia infection, 631 

Wounds, healing of and hyperbaric therapy, 550 
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Xanthine urolithiasis, 1826, 1854t, 1864-1867, 1865f 
Xanthoma, 44, 783 
Xanthomatosis, 1156 

Xenobiotics, and hepatoxicosis, 1464-1469, 1465b, 1466t, I468t 
X-linked recessive inheritance, 266 
in heart failure, 1088 

in muscular dystrophy, 904-905 

in Samoyed nephropathy, 2651 
in severe combined immunodeficiency, 1941-1942 
Xylazine, for pain, 23 
Xylose/3-O-methyl-D-glucose test, 1349 


Zinc gluconate 

for copper-associated hepatitis, 1438, 1441, 1445 
for neutering dogs, 1671 
Zinc oxide toxicosis, 245, 255, 261 
Zinc phosphide toxicosis, 245, 258-259 

Zinc sulfate, for flatulence, 149 
Zinc-responsive chondrodysplasia, 1988 
Zinc-responsive dermatosis, 55, 58t 

Zolazepam, for pediatric spay/neuter, 1668t 

Zoonosis, 702-705 

bartonellosis, 637, 1038 
blastomycosis, 679 
borreliosis, 622 

brucellosis, 627-628 
coccidioidomycosis, 692-693 
ehrlichiosis, 634 
in infective endocarditis, 1038 
leptospirosis, 618-619 
mycobacteriosis, 625 
in pruritic skin diseases, 39 
in respiratory disease, 1251 
Rocky Mountain spotted fever, 632 
sporotrichosis, 686 

toxoplasmosis, 641-642 

Zygomatic gland, mucocele of 1296 

Zygomycosis, 689-690, 1358 


Yellow fever, 699-700 

Yersinia entervcoliriea infection, 1385t, 1392 

Yersinia pseudotuberculosis infection, 1357 

Yew T , toxicity of, 245, 251 

Yorkshire terrier, idiopathic encephalitis of 829 
Yucca sckidigera preparations, for flatulence, 149 


Zidovudine (ATT), 625, 658, 662, 1914 
Zinc 


for copper-associated hepatitis, 577 
deficiency of 559, 577, 1171 
toxicity of 244, 255, 261, 1906 
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